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Burning of a s p h a l t  r o o f i n g  w a s t e  a s  a  f u e l  and i n c o r p o r a t i n g  
a s p h a l t  r o o f i n g  was te  i n  b i tuminous  paving were i d e n t i f i e d  
as  t h e  two o u t s t a n d i n g  r e s o u r c e  recovery  c o n c e p t s  o u t  of t e n  
s t u d i e d .  Four a d d i t i o n a l  c o n c e p t s  might  be worth  
c o n s i d e r i n g  under d i f f e r e n t  marke t  o r  t e c h n i c a l  
c i rcumstances .  Another f o u r  concep t s  were  r a t e d  as  worth  no 
f u r t h e r  c o n s i d e r a t i o n  a t  t h i s  t i m e .  T h i s  s tudy  of t h e  
recovery of t h e  r e s o u r c e  r e p r e s e n t e d  i n  a s p h a l t  r o o f i n g  
waste h a s  i d e n t i f i e d  t h e  s o u r c e s  and q u a n t i t i e s  of r o o f i n g  
waste .  About s i x  m i l l i o n  c u b i c  y a r d s  of s c r a p  r o o f i n g  a r e  
g e n e r a t e d  a n n u a l l y  i n  t h e  u n i t e d  S t a t e s ,  abou t  94 p e r c e n t  
from removal of o l d  r o o f i n g  a t  t h e  job  s i t e  and t h e  
remainder  from r o o f i n g  m a t e r i a l  p r o d u c t i o n  a t  f a c t o r i e s .  
Waste d i s p o s a l  is  a  growing problem f o r  manufac tu re r s  and 
c o n t r a c t o r s .  Near ly  a l l  r o o f i n g  was t e  i s  hau led  t o  
l a n d f i l l s  a t  a c o n s i d e r a b l e  expense t o  r o o f i n g  c o n t r a c t o r s  
and manufac ture rs .  Recovery of t h e  r o o f i n g  w a s t e  r e s o u r c e  
should  r e q u i r e  on ly  a modest economic i n c e n t i v e .  The 
a s p h a l t  c o n t a i n e d  i n  r o o f i n g  waste r e p r e s e n t s  a n  energy 
r e s o u r c e  of more t h a n  7 x  1013 Btu/year.  Another 
1 x 1013 ~ t u / y e a r  may be c o n t a i n e d  i n  f i e l d - a p p l i e d  
a s p h a l t  on commercial b u i l d i n g  roo f s .  The two concep t s  
recommended by t h i s  s t u d y  appear  t o  o f f e r  t h e  b r o a d e s t  
a p p l i c a b i l i t y ,  t h e  most f a v o r a b l e  economics, and t h e  h i g h e s t  
p o t e n t i a l  f o r  near-term implementat ion t o  r e u s e  t h i s  
r e sou rce .  
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T h i s  s tudy  h a s  reviewed a s p h a l t  r o o f i n g  was t e  a s  a  
r e c o v e r a b l e  energy resource .  Two of t e n  c a n d i d a t e  concep t s  
were i d e n t i f i e d  a s  be ing  s u p e r i o r  i n  t e c h n i c a l  and economic 
v i a b i l i t y ,  broad a p p l i c a b i l i t y ,  and near- term 
implementat ion : 

. Mass burn ing  of a s p h a l t  r o o f i n g  was te  

. I n c o r p o r a t i o n  of a s p h a l t  r o o f i n g  waste i n  a s p h a l t  paving 
mixes. 

Add i t i ona l  r e s e a r c h  i s  r e q u i r e d  on  each  of t h e s e  methods i n  
o r d e r  t o  b  commercial ly implement and recover  t h e  7 t o  
8 x  1013 Btu r e p r e s e n t e d  i n  a s p h a l t  r o o f i n g  waste .  

Asphalt Roofing Waste Resource 

Nationwide annua l  shipments  of a s p h a l t  r o o f i n g  p r o d u c t s  and 
new/retoof market  d a t a  were used t o  e s t i m a t e  t h e  energy 
r e p r e s e n t e d  i n  t h e  a s p h a l t  r o o f i n g  was te  r e sou rce .  T h i s  was 
about  7 x  1013 Btu i n  1981 based on r o o f i n g  p r o d u c t s  
waste.  Another 1 x  1013 Btu may be found i n  t h e  f i e l d  
a p p l i e d  a s p h a l t  i n  worn o u t ,  t o r n  o f f ,  bu i l t -up ,  commercial 
roof ing .  T h i s  energy r e sou rce  h a s  been i d e n t i f i e d  i n  
q u a n t i t y  f o r  v a r i o u s  s t a t e  l o c a t i o n s  and by s o u r c e  such  a s  
f a c t o r y ,  r e s i d e n t i a l  r o o f i n g  c o n t r a c t o r  and commercial 
r o o f i n g  c o n t r a c t o r .  F ive  of t h e  most h e a v i l y  popu la t ed  
s t a t e s  accoun t  f o r  about  one - th i rd  of  t h e  waste. Ten s t a t e s  
c o n t r i b u t e  abou t  one-half  of t h e  waste .  F a c t o r i e s  g e n e r a t e  
about  s i x  p e r c e n t  of a l l  r o o f i n g  waste .  R e s i d e n t i a l  
r e roo f  i n g  (wo.rn o u t  s h i n g l e s )  accoun t  f o r  a b o u t  t h r ee -  
f o u r t h s  of t h e  waste.  

Disposal of Roofing Waste 

Roofing waste d i s p o s a l  was vi.ewed a s  a growing problem by 
bo th  manufac tu re r s  and r o o f i n g  c o n t r a c t o r s .  I t  was 
c o n s e r v a t i v e l y  e s t i m a t e d  t h a t  a t  l eas t  95 p e r c e n t  of a l l  
r o o f i n g  waste i s  d e s t i n e d  f o r  l a n d f i l l  d i s p o s a l .  Minor 
amounts of f r e s h ,  f a c t o r y  waste  a r e  p roces sed  i n t o  plank and 
board p roduc t s  ;. burned i n  .one s p e c i a l  b o i l e r ;  and mixed i n t o  
pav ing  by one paving c o n t r a c t o r .  Disposa l  of n e a r l y  a l l  
r o o f i n g  waste i n v o l v e s  s e l f  o r  c o n t r a c t o r  c o l l e c t i o n  a t  t h e  
f a c t o r y  o r  j ob  s i t e  and h a u l i n g  t o  p r i v a t e  o r  p u b l i c  



l a n d f i l l s .  Roofing waste is,  i n  many c a s e s ,  banned from 
munic ipa l  w a s t e  l a n d f i l l s  and must be hau led  t o  demol i t i on  
l a n d f i l l s .  D i sposa l  c o s t s  na t ionwide  a r e  u s u a l l y  i n  t h e  
range of $5 t o  $15 pe r  ton.  The e s t i m a t e d  weighted  average  
a s p h a l t  c o n t e n t  of a  t o n  of waste i s  800 pounds, e q u i v a l e n t  . 

t o  about  13-1/2 x 106 ~ t u .  

The volume of r o o f i n g  was t e  hau led  t o  l a n d f i l l s  i s  abou t  s i x  
m i l l i o n  c u b i c  y a r d s  a n n u a l l y .  E l i m i n a t i n g  o r  s i g n i f i c a n t l y  
reduc ing  t h i s  volume would have a  s i g n i f i c a n t  environmental  
impact.  O the r  envi ronmenta l  c o n s i d e r a t i o n s  i n c l u d e  t h e  
s u l f u r  c o n t e n t  of a s p h a l t  and t h e  a s b e s t o s  c o n t e n t  of many 
r o o f i n g  wastes. 

Recovery of Asphalt Roofing waste 

The key t o  a c q u i r i n g  r o o f i n g  w a s t e  f o r  f u r t h e r  p r o c e s s i n g  i s  
t o  o f f e r  an  economica l ly  a t t r a c t i v e  a 1  t e r n a t i v e  t o  l a n d f i l l  
d i s p o s a l .  The pr imary i n c e n t i v e  t o  c o n t r a c t o r s  and 
m a n u f a c t u r e r s  would be economic; i. e. , r e d u c t i o n  of t h e i r  
$5-15 p e r  t o n  d i s p o s a l  c o s t .  A r ea sonab ly  conven ien t  and 
f r e e  dump s i t e  should  s e r v e  t o  a c q u i r e  n e a r l y  a l l  r o o f i n g  
w a s t e  i n  a n  u rban  a r e a .  The f r e e  dump s i t e  might be a t  a  
r o o f i n g  f a c t o r y ,  a power p l a n t ,  an  i n t e r m e d i a t e  c o l l e c t i o n  
c e n t e r  o r  o t h e r  l o c a t i o n  s u i t a b l e  t o  t h e  end use  of t h e  
waste .  

Re-Use ok Asphalt Roofing Waste 

Ten c o n c e p t s  f o r  r e c o v e r i n g  energy  from a s p h a l t  r o o f i n g  
was te  w.ere s t u d i e d .  Tw'o of t h e  t e n  concep t s  were  i d e n t i f i e d  
a s  be ing  s u p e r i o r  t o  t h e  o t h e r s  and d e s e r v i n g  of a d d i t i o n a l  
r e sea rch .  These a r e :  

Burn r o o f i n g  was t e  a s  f u e l .  
I n c o r p o r a t e  r o o f i n g  was t e  i n  a s p h a l t  paving.  

C r i t e r i a  used i n  comparing c a n d i d a t e  c o n c e p t s  i n luded  : 

. Investment  
Opera t ing  c o s t  
Use bo th  f i e l d  and f a c t o r y  waste  . Energy r ecove ry  . Technica l  v i a b i l i t y  
L ike l ihood  of commercial a c c e p t a n c e .  

a Lead t i m e  t o  commercial implementat ion 



Four a d d i t i o n a l  concep t s  were i d e n t i f i e d  a s  o f f e r i n g  some 
commercial merit. Each might  be worthy of c o n s i d e r a t i o n  i f  
economic c o n d i t i o n s  were t o  change o r  i f  a d d i t i o n a l  r e s e a r c h  
were accomplished t o  improve t h e i r  v i a b i l i t y .  

1. Conver t  a s p h a l t  i n  r o o f i n g  was te  t o  No. 6 o i l  - 
E x t r a c t i o n  w i t h  No. 2 o i l  fo l lowed by f i l t r a t i o n  and 
c o n c e n t r a t i o n  might produce a No. 6 o i l .  Labora tory  
r e s e a r c h  would be r e q u i r e d  t o  demons t ra te  and con£ irm 
t h i s  concept .  

Recover a s p h a l t  by s o l v e n t  e x t r a c t i o n .  T h i s  p r o c e s s  
u s e s  e x i s t i n g  technology and has  been demonstra ted.  The 
e s t i m a t e d  h igh  c o s t  of r e c o v e r e d ' a s p h a l t  r u l e s  t h i s  
concept  o u t  a t  t o d a y ' s  a s p h a l t  s e l l i n g  p r i c e s .  

Recycle  r o o f i n g  s c r a p  a s  f i l l e r .    his i s  a n  o l d  
concep t  which might be worth  some new r e s e a r c h  because 
of t h e  d r a s t i c  s h i f t  from c e l l u l o s e  t o  f i b e r  g l a s s  i n  
r o o f i n g  produc t ion .  App l i cab le  o n l y  t o  f r e s h ,  f a c t o r y  
s c r a p  i t  would have l i t t l e  impact  on n a t i o n a l  energy 
recovery.  

4 .  Roofing s c r a p  i n  new produc ts .  Very l i t t l e  p o t e n t i a l  
was found' f o r  i n c r e a s i n g  t h e  use  of r o o f i n g  s c r a p  a s  a n  
i n g r e d i e n t  i n  new produc ts .  T h i s  concept  i s  a l s o -  
a p p l i c a b l e  p r i n c i p a l l y  t o  f r e s h ,  f a c t o r y  s c r a p  only .  

Four concep t s  were  r u l e d  o u t  from f u r t h e r  c o n s i d e r a t i o n  a t  
t h i s  t i m e :  

1. Recover Fuel  by F l u i d  Coking 
2. Recover Fuel  by P y r o l y s i s  

These concep t s  a r e  v e r y  s i m i l a r .  They have a n  enormous 
. c a p i t a l  i nves tmen t  requi rement  compared t o  o t h e r  

a 1  t e r n a t i v e s .  

3 .  Recover Aspha l t  by Thermal E x t r a c t i o n  
4.  Recover ~ s p h a l t  by Hydrau l ic  E x t r a c t i o n  

Rnth of t h e s e  concep t s  ere viewed a s  u n l i k e l y  f o r  a s p h a l t  
recovery.  T h e i r  e f f i c i e n c y  of recovery  i s  judged'  low based 
on p ~ i b l  i s h e d  in format ion .  Cons ide rab le  r e s e a r c h  on a 
l a b o r a t o r y  s c a l e  would be needed p r i o r  t o  p r o c e s s  
development. The l i k e l i h o o d  of an economic p r o c e s s  
r e s u l t i n g  from such  r e s e a r c h  was r a t e d  low. 



About m i l l i o n  b a r r e l s  of a s p h a l t  a r e  consumed annual ly  
i n  t h e  U. S. product ion  of roof ing  m a t e r i a l s .  The 
product ion  of a s p h a l t  roof ing  is  second only  t o  t h e  
product ion  of bituminous paving i n  t h e  consumption of 
asphal t . .  An oppor tun i ty  e x i s t s  t o  recover  t h e  a s p h a l t  from 
roof ing  s c r a p  f o r  r e c y c l i n g  o r  reuse a s  a  s u b s t i t u t e  f o r  
f r e s h  petroleum-based f u e l s  o r  feeds tocks .  Such recovery 
b f f e r s  an  oppor tun i ty  n o t  only t o  rec la im t h e  s i g n i f i c a n t  
energy v a l u e  of a s p h a l t ,  bu t  a l s o  t o  reduce t h e  
environmental  impact of roof ing  waste d i sposa l .  

A t  p resen t ,  a t  l e a s t  95 percen t  of a l l  roof ing  waste  i s  
hauled t o  l a n d f i l l s .  Some l a n d f i l l s  may no t  permit  t h e  
dumping of r o o f i n g  and o t h e r  "demol i t ionn wastes.  Trucks 
hau l ing  t h e  s c r a p  may t i e  up unloading space wi th  
unreasonably long,  manual off-loading. Roofing c o n t r a c t o r s ,  
manufac turers  and c o n t r a c t  waste  h a u l e r s  may have t o  t r a v e l  
long  d i s t a n c e s  t o  d i spose  of f a c t o r y  and j o b - s i t e  roof ing  
waste,  and may have t o  pay very high t i p p i n g  f e e s .  A 
reasonable ,  l e s s  c o s t l y  d i s p o s a l  a l t e r n a t i v e  would be 
welcomed by a l l  p a r t i e s .  

Asphal t  roof ing  waste  i s  genera ted  a s  f a c t o r y  product ion  
s c r a p  and a s  job- s i t e  demol i t ion  waste of worn-out roof ing  
removed when new roof ing  i s  .applied.  Factory s c r a p  i s  
r e l a t i v e l y  c l e a n  and i t s  composition i s  i d e n t i f i a b l e .  It i s  
a v a i l a b l e  a t  t h e  f a c t o r y  i n  somewhat p r e d i c t a b l e  q u a n t i t i e s .  
For t h e s e  reasons ,  f a c t o r y  s c r a p  i s  an  e x c e l l e n t  cand ida te  
f o r  r e c y c l e  o r  reuse  concepts .  However, f a c t o r y  s c r a p  
accoun t s  f o r  only  about  s i x  pe rcen t  of a l i  roof ing  waste. 
The j o b - s i t e  reroof  ing  waste  must be t h e  major t a r g e t  f o r  
s i g n i f i c a n t  environmental  and energy recovery impact. 

The c o n s t i t u e n t s  of a s p h a l t  roof ing  (product ion)  waste from 
f a c t o r i e s  depend upon product  mix and compositions,  and may. 
inc lude  (weight  p e r c e n t s ) :  

. Asphal t  - 25 t o  40 percen t  

. Mineral f i l l e r  ( f i n e l y  ground 1 imestone, s i l i c a ,  
dolomite,  e t c . )  - 15 t o  20 percen t  

. Mineral g r a n u l e s  (ceramic coated  n a t u r a l  rock about  t h e  
s i ze .  of coa r se  sand) - 20 t o  30 pe rcen t  



Glass  f i b e r  mat - 2 t o  15  percent  
Paper f e l t  

~ a n d ' a n d  t a l c  su r f  ac ing  on one or  both s i d e s  of some 
products  - 1 t o  5 pe rcen t  

. Polyes te r  f i l m  - minor. 

J o b - s i t e  was te  may add t o  t h i s  l i s t :  

Asbestos f e l t  
a Asphal t  cements con ta in ing  a s b e s t o s  

Coal t a r  p i t c h  
Coal t a r  s a t u r a n t  
Coarse rock aggregate  
Sheet metal  f lash ing/edging  

a Nai l s  
Wood 
I n s u l a t i o n  boards composed o f .  such t h i n g s  a s :  

- P e r l i t e  
- Wood Fiber  - Polys tyrene  
- Polyurethane - Foam Glass  
- Glass  Fiber  

.. • Miscellaneous t r a sh .  

Roofing s c r a p ,  i f  i n t e r c e p t e d  p r i o r  t o  d e l i v e r y  t o  a 
l a n d f i l l , ,  can be acqui red  i n  a form segregated  from o t h e r  
types  of waste. Concepts f o r  sa lvag ing  t h e  energy 
represen ted  i n  scrap  roof ing  inc lude:  

Burn s c r a p  a s  f 'uel  

Convert a s p h a l t  t o  No. 6 o i l  

Convert a s p h a l t  t o  feeds tock  by coking 

Convert a s p h a l t  t o .  syncrude by p y r o l y s i s  

Recover a s p h a l t  with s o l v e n t  

Recover a s p h a l t  by thermal means 



a Recover a s p h a l  t hydr a u l  i c a l l y  

Recycle  s c r a p  f o r  u s e  a s  a s h i n g l e  c o a t i n g  f i l l e r  

. Develop pav ing  mixes 

. Develop new p r o d u c t s  w i t h  r o o f i n g  s c r a p  'as a  major 
i n g r e d i e n t .  

A s e a r c h  of p a t e n t  l i t e r a t u r e  a n d ' d i s c u s s i o n s  w i t h  r o o f i n g  
m a n u f a c t u r e r s  d i s c l o s e d  t h a t  many of t h e s e  i d e a s  have been 
r e sea rched  and t h a t  some p r o p r i e t a r y  r e s e a r c h  i s  
con t inu ing .  Recent  l i t e r a t u r e  on t h e  t r e a t m e n t  of s c r a p  
t i r e s  was p e r t i n e n t  t o  a few of t h e  i d e a s  r e l a t i n g  t o  
r o o f i n g  s c r a p .  There  a r e  some c o n s t i t u e n t s  i n  j o b - s i t e  
was te  which may' p r ec lude  c e r t a i n  c a n d i d a t e  r euse  o r  r e c y c l e  
schemes.. For example, n a i l s  might r u l e  o u t  road paving 
mixes f o r  s u r f a c i n g  c o u r s e s  where f a c t o r y  waste  is  now used 
t o  a v e r y  small e x t e n t .  Unknown and u n c o n t r o l l a b l e  amounts 
of a s b e s t o s  w i l l  i n f l u e n c e  t h e  cho ice  of a l t e r n a t i v e s  a s  
w i l l  c o a l  t a r  bitumen which would be  incompa t ib l e  w i th .  
a s p h a l t s  i n  c e r t a i n  new produc t  i d e a s .  

The purpose  of . t h i s  s t u d y  was t o  i d e n t i f y  t h e  most promising 
methods by which t h e  energy i n  f a c t o r y  and j o b - s i t e  r o o f i n g  
waste can be recovered.  The s e v e r a l  s e c t i o n s  of t h i s  r e p o r t  
d e s c r i b e  t h e  q u a n t i t y  and l o c a t i o n  of t h e  a s p h a l t  r o o f i n g  
waste r e s o u r c e ,  t h e  p r e s e n t  d i s p o s a l  methods and p r a c t i c e s ,  
some s c e n a r i o s  f o r  r o o f i n g  waste c o l l e . c t i o n  and recovery ,  
and a  number of t e c h n i c a l l y  p o t e n t i a l  r e u s e  a l t e r n a t i v e s .  
The a1 t e r n a t i v e s  a r e  t h e n  compared and t h e  most f a v o r a b l e  
a r e  s e l e c t e d  based on t e c h n i c a l ,  economic, energy impact ,  
and implementa t ion  c o n s i d e r a t i o n s .  Conc lus ions  are  
p r e s e n t e d  t o g e t h e r  w i t h  recommendations f o r  f u r t h e r  
devel'opment of a l t e r n a t i v e s  f o r  recovery  and r e u s e  of 
a s p h a l t  r o o f i n g  waste.  



2.0 - ASPHALT RWFIIVG WASTE RESOURCE 

Asphal t -bear ing  s h i n g l e s  and r o l l  p r o d u c t s  a r e  used t o  cover  
more t h a n  90 p e r c e n t  of a l l .  b u i l d i n g s  i n  t h e  Uni ted  S t a t e s .  
The waste g e n e r a t e d  d u r i n g  a s p h a l t  r o o f i n g  p r o d u c t i o n  and 
roof replacement ,  combined w i t h  t h e  energy  va lue  of a s p h a l t  
( abou t  17,000 ~ t u / p o u n d  a s  a f u e l )  , s u g g e s t  a  s i g n i f i c a n t  
p o t e n t i a l  r e sou rce  f o r  recovery  and s u b s t i t u t i o n  i n  p l a c e  of 
f r e s h  a s p h a l t  o r  pe t ro leum f e e d s t o c k .  The magnitude of t h e  
energy r e s o u r c e  r e p r e s e n t e d  by a s p h a l t  r o o f i n g  was t e  i s  a 
c r i t i c a l  c o n s i d e r a t i o n  i n  t h e  a n a l y s i s  of  how, or  even 
whether ,  t o  select and deve lop  a  recovery  and r e u s e  
program. The f o l l o w i n g  d i s c u s s i o n s  p r o v i d e  assumpt ions  and 
estimates f o r  t h e  q u a n t i t y  of a s p h a l t  r o o f i n g  was te ,  i t s  
geographic  l o c a t i o n  and d i s t r i b u t i o n  w i t h i n  t h e  Uni ted  
S t a t e s ,  and t h e  energy r e p r e s e n t e d  by t h e  a s p h a l t  i n  t h e  
r o o f i n g  waste .  

2..1 - Quantities of Roofing Waste 

The most r e a s o n a b l e  b a s i s  f o r  e s t i m a t i n g  t h e  t o t a l  q u a n t i t y  
of Uni ted S t a t e s  a s p h a l t  r o o f i n g  was t e  was de te rmined  t o  be 
t h e  annua l  p roduc t ion  of new a s p h a l t  r o o f i n g  produc ts .  
Fac tory  s c r a p  may be e s t i m a t e d  a s  a nominal pe rcen tage  of 
t o t a l  a s p h a l t  r o o f i n g  m a t e r i a l  p roduc t ion ,  and j o b - s i t e  
waste q u a n t i t y  can be r e l a t e d  t o  t o t a l  p roduc t  w i t h  a f e w  
j u s t i f i e d  assumptions  based on i n d u s t r y  d a t a .  Roofing 
market  d a t a  a r e  p rov ided  by manufac tu re r s  t o  t h e  Aspha l t  
Roofing Manufacturer1 s A s s o c i a t i o n  (ARMA) . These d a t a  a r e  
c o l l a t e d  and subd iv ided  a c c o r d i n g  t o  s t a t e  and t o  broad 
d i v i s i o n s  of p roduc t  types .  The Department of Commerce, 
Bureau of t h e  Census, C u r r e n t  m d u s t r i a l  B e p o r t s  and t h e i r  
Census pf Manufac tu re r s  are a d d i t i o n a l  s o u r c e s  of r o o f i n g  
market  d a t a .  

Assumptions for Factory Scrap - S p e c i f i c  i n f o r m a t i o n  on 
manufac tur ing  waste i n  t h e  p r o d u c t i o n  of a s p h a l t  r o o f i n g  is  
no t  d i r e c t l y  a v a i l a b l e .  . Such d e t a i l s  of p l a n t  p r o d u c t i o n  
d a t a  a r e  c o n s i d e r e d  c o n f i d e n t i a l  by manufac tu re r s .  
The re fo re ,  a n t e x t b o o k n  s c r a p  r a t e -  of 5 p e r c e n t  was used t o  
estimate t h e  q u a n t i t y  of f a c t o r y  a s p h a l t  r o o f i n g  waste .  
I n t e r v i e w s  w i t h  r o o f i n g  mclnuf acturers c u ~ f  i ~ m e d  t h a t  t h i s  
p e r c e n t a g e  was a r e a s o n a b l e  assumption.  

Assumptions for Job-Site Waste - It was assumed t h a t  one 
worn o u t  roof i s  t o r n  o f f  f o r  each  r e roo f  a p p l i c a t i o n .  Th i s  
is  n o t  s t r i c t l y  t r u e  f o r  every  s t r u c t u r e .  However, b u i l d i n g  
codes  and s t r u c t u r a l  c o n s i d e r a t i o n s  mandate t h e  removal of 



a l l  l a y e r s  of o l d  roof ing  a t  l e a s t  every second o r  t h i r d  
a p p l i c a t i o n .  Th i s  l e a d s  t o  a  long-term "average"' of one o ld  
roof removed a s  waste f o r  each re-roofing a p p l i c a t i o n .  A 
r e p o r t  by Housing Indus t ry  Dynamics and F I N D / S V P ( ~ )  
p rovides  i n s i g h t  i n t o  t h e  market d i v i s i o n  between re roof ing  
and new c o n s t r u c t i o n  roofing.  About 6 1  pe rcen t  of a l l  b u i l t -  
up roof ing  i s  used f o r  r e r o o f i n g  and 62 pe rcen t  of a l l  
r e s i d e n t i a l  roof ing  i s  a p p l i e d  f o r  cover ing  e x i s t i n g  roofs .  

The Asphal t  Roofing Manufacturer '  s Associa t ion  p u b l i s h e s  an 
annual summary of product shipments broken down according  t o  
c l a s s e s  of products  and s t a t e .  These "shipments" d a t a  
r e p r e s e n t  sales s i n c e  a l l  shipments a r e  i n  response t o  
purchase o rde r s .  Annual s a l e s  a r e  r epor ted  t o  be a  c l o s e  
approximation of annual product ion. Shipments data can, 
t h e r e f o r e ,  be used t o  e s t i m a t e  waste genera ted  us ing  t h e  5 
pe rcen t  f a c t o r y  s c r a p  r a t e  and 61-62 percent  r e r o o f i n a  
s t a t i s t i c s .  r summa-& of t h e s e  e s t i m a t e s  i s  shown i n d  
Table 2.1. 

Severa l  t y p e s  of product shipments a r e  summarized i n  Table 
2.1. Each product  h a s  a  d i f f e r e n t  a s p h a l t  c o n t e n t  according 
t o  type  and, wi th  some va r i ance ,  among mafiuf a c t u r e r s .  A 
t y p i c a l  o r g a n i c  f e l t  s h i n g l e  may c o n t a i n  80 pounds of 
a s p h a l t  per  square  and a  t y p i c a l  f i b e r  g l a s s  s h i n g l e  may 
c o n t a i n  50 pounds of a s p h a l t  per square.  The p ropor t ion  of 
f i b e r  g l a s s  s h i n g l e s  i n  t h e  product mix h a s  grown from 8 
pe rcen t  i n  1977 t o  39  percen t  i n  1981. C a l c u l a t i o n  of t h e  
energy represen ted  i n  a s p h a l t  roof ing  waste  r e q u i r e s  
assumptions abou t  t h e  a s p h a l t  con ten t  of v a r i o u s  products  
and t h e  product  mix. 

2.2 - Location of Asphalt Roofing Waste 

Factory a s p h a l t  roof ing  waste  i s  l o c a t e d  a t  a d i s c r e e t  
number of s i t e s ,  t h e  hundred or  s o  United S t a t e s  
manufacturing p l a n t s .  F igure  2 . 1  shows t h e  l o c a t i o n s  of 
t h e s e  p l a n t s .  I t  w i l l  be noted from Figure  2.1 t h a t  roof ing  
f a c t o r i e s  t end  t o  be l o c a t e d  near  major popula t ion  c e n t e r s .  

The q u a n t i t y  of f a c t o r y  was te  a t  each of t h e s e  l o c a t i o n s  
could be e s t i m a t e d  by apply ing  t h e  assumed s c r a p  r a t e  t o  t h e  
t o t a l  product ion  of t h e  p lan t .  



FIGURE 2.1 

ASPHALT ROOFING PLANTS 



Table 2.1 

Annual Hationwide Shipments of Asphalt Roofing Products 

Shing les ,  
Squares* 69,927,505 69,610,036 68,103 ,534 62,460,775 58,235,194 

Smooth 
Rol l  sf  
squares*  17,034,133 17,926 ,955 29,535,939 17,584,676 12,589,263 

Granule  
Surf aced 
R u l l s r  
squares*  12r103f911  12,283 ,301 15 ,411,330 15 ,539 ,045 14 ,126 ,315 

F e l t  , 
t o n s  880 ,761 872,084 1,050,883 772,247 779,910 

I .  

* Square is a roof ing  i n d u s t r y  term d e s c r i b i n g  t h e  amount of 
material used t o  cover  100 s q u a r e  f e e t  of f i n i s h e d  roof area. For 
example, one square  of s h i n g l e s  may c o n t a i n  240 square  f e e t  of 
material and one square  of g ranu le  s u r f a c e d  r o l l s  may c o n t a i n  108 
s q u a r e  f e e t  of m a t e r i a l .  



Job - s i t e  r o o f i n g  was te  is,  a t  f i r s t  c o n s i d e r a t i o n ,  a v a i l a b l e  
f o r  d i s p o s a l  i n  q u a n t i t i e s  p r o p o r t i o n a l  t o  t h e  number and 
s i z e  of b u i l d i n g s  th roughout  t h e  coun t ry ,  s u g g e s t i n g  t h e  
p o s s i b i l i t y  of e s t i m a t i n g  waste q u a n t i t y  on t h e  b a s i s  of 
p o p u l a t i o n  d e n s i t y .  D i f f i c u l t i e s  i n  t h i s  approach i n c l u d e  
a p p r o p r i a t e  c o n s i d e r a t i o n  of r e g i o n a l  bu i ld ing  u s e s  and 
s t y l e s  ( c a u s i n g  wide v a r i a t i o n  i n  t h e  "averagen  r o o f e d  a r e a  
per  u n i t  of p o p u l a t i o n )  and l o c a l  env i ronmenta l  and wea ther  
f a c t o r s  ( a f f e c t i n g  r o o f i n g  1 i f  e  and replacement  r a t e )  . A s  
a n  a l t e r n a t i v e ,  t h e  geographic  d i s t r i b u t i o n  of r e r o o f i n g  
was t e  was assumed t o  be d i r e c t l y  r e l a t e d  t o  t h e  d e s t i n a t i o n  
of new r o o f i n g  shipments.  Produc ts  d e s t i n a t i o n  d a t a ,  
i n d i c a t e d  by t h e  ARMA d a t a ,  show t h a t  t e n  s ta tes  r e c e i v e  
a b o u t  50 p e r c e n t  of t h e  a s p h a l t  r o o f i n g  sh ipments  each  
yea r .  Exce rp t s  of t h e s e  . d a t a  are p r e s e n t e d  i n  T a b l e s  2.2 
and 2 .3  f o r  s h i n g l e s  and b u i l t - u p  r o o f i n g  r e s p e c t i v e l y .  
F i v e  of t h e  most h e a v i l y  popu la t ed  s t a t e s  (Texas,  F l o r i d a ,  
C a l i f o r n i a ,  I l l i n o i s ,  and Ohio) accoun t  f o r  a b o u t  one - th i rd  
of t o t a l  r o o f i n g  sh ipments  and, by assumption,  account  f o r  a 
l i k e  p r o p o r t i o n  of  j o b - s i t e  a s p h a l t  r o o f i n g  waste .  
Presumably, d i s t r i b u t i o n  of reroof  i n g  waste w i t h i n  a s t a t e  
could  be  v e r y  roughly e s t i m a t e d  on a popu la t ion  b a s i s .  
C l e a r l y ,  an  a c c u r a t e  d e t e r m i n a t i o n  of was t e  q u a n t i t y  f o r  any 
l o c a t i o n  would r e q u i r e  a survey  of  l o c a l  d i s t r i b u t o r s  and 
r o o f i n g  c o n t r a c t o r s .  

2-3 - Energy Content i n  Asphalt Roofing Waste 
. . 

For purposes  of q u a n t i f y i n g  t h e  energy  r e s o u r c e  r e p r e s e n t e d  
by a s p h a l t  r o o f i n g  waste, c r e d i t  i s  t a k e n  on ly  f o r  t h e  
energy  v a l u e  of t h e '  a s p h a l t  component. The f o l l o w i n g  
assumptions  were  used f o r  c a l c u l a t i n g  energy  c o n t e n t  : 

Asphal t  c o n t a i n s  17,000 ~ t u / p o u n d .  

. Organia f e l t  s h i n g l e s  c o n t a i n  80 pounds of a s p h a l t  pe r  
square .  S t a n d a r d s  of U n d e r w r i t e r ' s  L a b o r a t o r i e s  and American 
S o c i e t y  of T e s t i n g  and M a t e r i a l s  make  t h i s  s t a t i s t i c  q u i t e  
uniform among manufac ture rs .  

- Glass f i b e r  s h i n g l e s  c o n t a i n  50 pounds of a s p h a l t  pe r  
square .  There  may be c o n s i d e r a b l e  v a r i a t i o n  he re .  A 
f i f t y  pound v a l u e  was s e l e c t e d  based on a n a l y s i s  of many 
commercial ly a v a i l a b l e  s h i n g l e s  from s e v e r a l  
manufac ture rs .  



Table 2.2 
. . 

Roofing Shipments Distribution .by 'S ta te  

(Shingles) 

Texas  8.1% 7.8% 7.7% 11.0% 

F l o r i d a  3 - 3  4.0 4.8 7  -0  

C a l i f o r n i a  4.6 4  - 9  4  -4  G -2  

. I l l i n o i s  6.2 5.9 . 6.4 4.8 

Ohio 4  -9  .4  -4 4 -4 4.6 

- Pennsy lvan i a  4  .5 4.7 4.1 4 - 3  

G e o r g i a  ' 3 - 3  3.7 

North C a r o l i n a  3 - 5  3 .7 3  -6  3 - 7  

M i s s o u r i  

N e w  J e r s e y  

Michigan 4  - 5  4  - 4  4 .1  2.8 

New York 3  -9  3.8 

TOTAL 47.2 47.3 46 - 2  51.1 



Table 2.3 

Roofing Shipments Distribution by State 

Cal i forn ia  

Texas 

New Jersey  

Florida 

~ l l i n o i s  

Ohio 

New York 

North Carolina 

Pennsylvania 

Georgia 

Louisiana 

Colorado 

Alabama 

TennesEee 

~ i s a i s s i p p i  

Michigan 

TOTAL 

(Built-Up Roofing) 



- Smooth r o l l s  c o n t a i n  26-1/2 pounds of a s p h a l t  p e r  square .  

Granule  s u r f a c e d  r o l l s  c o n t a i n  28 pounds of a s p h a l t  per  
square .  

. The p e r c e n t  by weight  of a s p h a l t  i n  f e l t  h a s  grown from 55 
p e r c e n t  i n  1977 t o  67 p e r c e n t  i n  1981 because of t h e  changing 
produc t  mix. 

. The f a c t o r y  s c r a p  ra te  i s  5 p e r c e n t  of p roduc t ion .  

R e s i d e n t i a l  re-roof i n g  and commercial re roof  i n g  account  
f o r  6 2  p e r c e n t  arid 61 p e r c e n t  of t h e i r  r e e p e c t i v e  t o t a l  
r o o f i n g  p r o d u c t s  shipments.  

Table  2.4 p r e s e n t s  t h e  e s t i m a t e s  r e s u l t i n g  from t h e  energy 
c s n t e n t  c a l c u l a t i o n s  i n  t h e  y e a r s  1977 th rough  1981. Using 
t h e  r e s u l t  f o r  t h e  most r e c e n t  y e a r ,  t h e  t o t a l - n a t i o n a l '  
energy  r e s o u r c e  c o n t a i n e d  i n  a s p h a l t  r o o f i n g  waste i s  
7.2 x 1013 ~ t u  (0.07 quad)  a n n u a l l y ,  t h e  e q u i v a l e n t  of 
some 12 m i l l i o n  b a r r e l s  of c rude  o i l  e ach  yea r .  Also shown - 
i n  T a b l e  2.4 a r e  t h e  ~stjmated c o n t r i b u t i o n s  of f a c t o r y  
v e r s u s  f i e l d  s c r a p ,  and r e s i d e n t i a l  v e r s u s  commercial 
r o o f i n g  was te .  The f a c t o r y  s c r a p ,  assumed t o  be 5  p e r c e n t  
of t o t a l  p roduc t ion ,  c o n t r i b u t e s  a b o u t  6  t o  6-1/2 p e r c e n t  t o  
t h e  t o t a l  energy resource .  The c o n t r i b u t i o n s  of s c r a p  from 
new and  used r e s i d e n t i a l  r o o f i n g  i s  c o n s i s t e n t l y  a b o u t  
80 p e r c e n t  of t h e  t o t a l .  Note t h a t  t h e  energy r e p r e s e n t e d  
i n  f i e l d  a p p l i e d ,  h o t  mopping a s p h a l t  i s  n o t  r e p r e s e n t e d  
here .  T h i s  may add a n o t h e r  1.1 x 1013 Btu a n n u a l l y  i n  
b u i l t - u p  r o o f i n g  removed a t  j o b  s i t e s .  

Table 2.4 

Energy in Asphalt Roofing Scrap 

Tota l  x 1013 

Fac tory  0.6 0.6 0.7 0.6 0.5 
F i e l d  7.7 8  . O  8.5 7  .3 6.7 

R e s i d e n t i a l  6.5 6.9 7 . 1  6.2 5.6 
Commercial 1.8 1.7 2.1 1.7 1.6 



The annua l  v a r i a t i o n s  i n  B t u l s  from r o o f i n g  s c r a p  a r e  a f f e c t e d  by 
t h e  n a t i o n a l  economy, new r e s i d e n t i a l  and commercial 
c o n s t r u c t i o n ,  and v a r i a t i o n s  i n  p roduc t  mix. 

It i s  e s t i m a t e d  t h a t  t h e  annual  ene r  r e sou rce  from r o o f i n g  9 waste  w i l l . d e c r e a s e  t o  about  5.5 x 10 3  Btu by t h e  y e a r  
2000. T h i s  estimate is  based on t h e  f o l l o w i n g  assumptions:  

. Fibe r  g l a s s  s h i n g l e s  w i l l  n e a r l y  t o t a l l y  r e p l a c e  f e l t  
s h i n g l e s  by t h e  y e a r  2000 

. Single -p ly ,  polymer s h e e t s .  w i l l  d i s p l a c e  a major p o r t i o n  of 
a s p h a l t  r o o f i n g  r o l l e d  goods by t h e  y e a r  2000 

. Fibe r  g l a s s  s h i n g l e s  w i l l  l a s t  l o n g e r  t h a n  f e l t - b a s e d  
s h i n g l e s  

. The average  roof a r e a  on new r e s i d e n c e s  w i l l  d ec rease .  

It i s  impor t an t  t o  n o t e  t h a t  t h i s  " f u t u r e "  estimate i s  a  
p r e d i c t i o n  on ly  of ' t he  energy r e p r e s e n t e d  by t h e  a s p h a l t  i n  
r o o f i n g  waste. No f o r e c a s t  i s  made of r o o f i n g  sh ipments  and 
none should  be imp l i ed  from d a t a  o r  t r e n d s  r e f l e c t e d  i n  
Tab le s  2.1 and 2.4. 

I n  each  of t h e  l a s t  f i v e  y e a r s ,  f i v e  s ta tes  have accounted 
f o r  abou t  1/3 of t h e  n a t i o n a l  energy  r e s o u r c e  r e p r e s e n t e d  i n  
t h e  a s p h a l t  of r o o f i n g  was t e  as  shown i n  T a b l e  2.5. T h i s  
s u g g e s t s  t h a t  i t  may be p o s s i b l e  t o  i d e n t i f y  a  number of , 

l o c a t i o n s  o r  r e g i o n s  i n  t h e  Uni ted  S t a t e s  hav ing  much h i g h e r  
t h a n  average  o p p o r t u n i t y  f o r  r e c o v e r i n g  t h e  energy  
r e p r e s e n t e d  i n  r o o f i n g  waste .  For example, i f  a s p h a l t  
r ec l ama t ion  could  be  e f f e c t e d  f o r  25 p e r c e n t  of t h e  
r e r o o f i n g  s c r a p  i n  t h e  t o p  f i v e  s t a t e s ,  t h e  energy 
c o n t r i b u t i o n  would m o u n t  t o  a n  e q u i v a l e n t  of a b o u t  one 
m i l l i o n  b a r r e l s  of o i l  annua l ly .  The magnitude of t h i s  
energy  r e s o u r c e  i n d i c a t e s  j u s t i f i c a t i o n  f o r  f u r t h e r  s tudy  of 
recovery  and r e u s e  of a s p h a l t  r o o f i n g  waste .  



Table 2,.5 

Top Five States Contribution to Total 

National Waste Roofing Energy Resource 

Texas 8  -6% 8  - 4 %  9  -6% 11.3% 13.1% 
F l o r i d a  4.4 5.2 7 -3 7 -5 7 .O 
C a l i f o r n i a  6.3 6 .7 7.2 8.2 6.2 
I l l i n o i s  6 .O 5.9 7 .3 4 .8 4 - 7  
Ohio 4.6 4 . 1  4.8 4 .2 4 - 4  

8 of Tota l  
Energy Value 29.9 30.3 36.2 36 .O 35.4 

Even though j o b - s i t e  roof ing  was te  r e p r e s e n t s  t h e  v a s t  
m a j o r i t y  of t h e  energy rcoouroe, it i s  i n t e r e s t i n g  t o  note 
t h e  s i g n i f i c a n c e  of t h e  f a c t o r y  s c r a p  energy resource  i n  
terms of p l a n t  energy requirements.  Indus t ry  d a t a  i n d i c a t e  
product ion  energy requirements  a r e  about  50,000 Btu/square 
of roof ing  product  o r  nominally 225 ~ t u / p o u n d  product.  The 
energy v a l u e  of t h e  a s p h a l t  i n  one pound of c l e a n  f a c t o r y  
s c r a p  i s  about  5,000-6,000 B t u ;  recovery of t h e  a s p h a l t  from 
f a c t o r y  s c r a p  a t  f i v e  pe rcen t  of t o t a l  product ion  i s  
t h e r e f o r e  e q u i v a l e n t  t o  250-300 Btu/pound of product.  
T h e o r e t i c a l l y ,  a p p r o p r i a t e  recovery and reuse  on-si te of the 
f a c t o r y  s c r a p  could provide a l l  of t h e  p l a n t  product ion  
energy requirements.  



3.0 - DISmSAL OF ROOFING WASTE 

Reclamat ion of t h e  energy r e s o u r c e  r e p r e s q n t e d  by a s p h a l t  
r o o f i n g  was t e  w i l l  t a k e  p l a c e  on ly  i f  impor t an t  i n c e n t i v e s  
a r e  p rov ided  t o  t h o s e  g e n e r a t i n g  t h e  waste. Telephone 
i n t e r v i e w s  conf i rmed t h a t  d i s p o s a l  of f a c t o r y  and j o b - s i t e  
r o o f i n g  w a s t e  was viewed as  a growing problem by bo th  
manufac tu re r s  of a s p h a l t  r o o f i n g  and r o o f i n g  i n s t a l l e r s .  
Seve ra l  manufac tu re r s  i n d i c a t e d  t h a t  t hey  have s p e n t  
c o n s i d e r a b l e  funds  r e s e a r c h i n g  p o t e n t i a l  methods f o r  d e a l i n g  
w i t h  t h e i r  i n d i v i d u a l  waste d i s p o s a l  problem, w i t h  l i t t l e  
success .  Roofing c o n t r a c t o r s  no ted  i n c r e a s i n g  d i s p o s a l  
c o s t s  a s  a concern.  A prime i n c e n t i v e  t o  a s p h a l t  r o o f i n g  
recovery  and r e u s e  would be t o  p rov ide  a n  a t t r a c t i v e  

- 
a l t e r n a t i v e  t o  pgesen t  methods of  waste d i s p o s a l .  The 
fo l lowing  d i s c u s s i o n s  review c u r r e n t  f a c t o r y  and j o b - s i t e  
waste d i s p o s a l  methods, c o l l e c t i o n  procedures ,  d i s p o s a l  
c o s t s ,  and envdronmental  concerns .  

3.1 - Roofing Waste Disposal Methods 

Landf i l l i n g  a c c o u n t s  f o r  n e a r l y  a l l  r o o f i n g  was t e  d i s p o s a l .  
Roofing c o n t r a c t o r s  mentioned no o t h e r  method a v , a i l a b l e  t o  
them and they.  handle  about  94 p e r c e n t  of - t h e  r o o f i n g  waste. 
Fac to ry  was t e  i s  predominant ly  l a n d f i l l e d .  T h e r e f o r e ,  
( c o n s e r v a t i v e l y )  a t  l ea s t  95  p e r c e n t  of a l l  r o o f i n g  was te  is. 
d e s t i n e d  f o r  l a n d f i l l  d i s p o s a l .  

3.1.1 - Factory Scrap Disposal 

Mo.st f a c t o r i e s  we.re r e p o r t e d  t o  l a n d f i l l  a l l  p r o d u c t i o n  
sc rap .  Only one f a c t o r y  was mentioned as  never  l a n d f i l l i n g  
r o o f i n g  waste. A few f a c t o r i e s  had d i s p o s a l  a l t e r n a t i v e s  
i n c l u d i n g  t h e ,  f  o l lowinq  s e l e c t e d  examples: 

Burning - ~ l l i ' e d  Materials a t  S t roud ,  Oklahoma bu rns  a l l  
of t h e i r  r o o f i n g  was t e  i n  a b o i l e r  s u p p l i e d  by Basic 
~ n v i r o ' n m e n t a l  Engineer ing ,  Inc .  The steam produced i s  used 
a t  a n  a d j a c e n t  r e f i n e r y .  

A west c o a s t  f a c t o r y  r e p o r t e d  s h i p p i n g  some of t h e i r  waste 
t o  a second,  non-roofing f a c t o r y  hav ing  a  h igh  energy  
demand. Here t h e  r o o f i n g  was t e  was burned w i t h  o t h e r  w a s t e s  
i n  a  r o t a t i n g ,  t r a v e l i n g  g . r a t e  i n c i n e r a t o r  t o  g e n e r a t e  
steam. A g r i c u l t u r a l  was te  was mentioned a s  t h e  p r i n c i p a l  
f u e l  f o r  t h i s  o p e r a t i o n .  



Solvent Extraction - Telephone i n t e r v i e w s  i n d i c a t e d  t h a t  
one  manufac tu re r  might be  r e c o v e r i n g  a s p h a l t  from f a c t o r y  
was t e  u s i n g  a p r o p r i e t a r y  s o l v e n t  e x t r a c t i o n  p r o c e s s  a t  one 
l o c a t i o n .  T h i s  manufac ture r  d e c l i n e d  t o  comment on t h e  
i n d i c a t i o n s ,  b u t  d i d  demons t r a t e  a w i l l i n g n e s s  t o  c o o p e r a t e  
i n  o t h e r  f a c e t s  of t h e  waste s tudy.  

Manvi l le  Corpora t ion  r e p o r t e d  hav ing  made a thorough s tudy  
of a commercial s o l v e n t  e x t r a c t i o n  p r o c e s s  o f f e r e d  by 
Clermont Engineer ing .  Manvi l le  r e j e c t e d  t h e  p r o c e s s  on 
s p e c i f i c  grounds which might  n o t  app ly  t o  o t h e r  
m a n u f a c t u r e r s  o r  o t h e r  f a c t o r y  l o c a t i o n s .  Technica l  
f e a s i b i l i t y  of t h e  p r o c e s s  has  been demonstra ted i n  a p i l o t  
p l a n t  o p e r a t i o n ,  

N e v  Products - The volume of f a c t o r y  r o o f i n g  was t e  
c o n v e r t e d  i n t o  new p r o d u c t s  i s  ex t remely  smal l .  I n t e r v i e w s  
c o v e r i n g  ove r  1 /3  of t h e  n a t i o n ' s  1 0 0  o r  s o  r o o f i n g  
f a c t o r i e s  i d e n t i f i e d  o n l y  t h r e e  which d i v e r t e d  even a ve ry  
small p o r t i o n  of t h e i r  was t e  i n t o  new produc ts .  

Two r o o f i n g  manufac tu re r s ,  Manvi l le  and J i m  Walter, c o n v e r t  
a  sma l l  p o r t i o n  of t h e i r  p roduc t  was t e  i n t o  new produc ts .  
These p r o d u c t s  i n c l u d e  i n d u s t r i a l  f l o o r i n g  b l o c k s  which a r e  
used i n  h igh  t r a f f i c  f a c t o r y  and s e r v i c e  a r e a s ,  and roof 
walkway b locks .  Another s o u r c e  r e p o r t e d  s e l l i n g  some was t e  
from one f a c t o r y  t o  a manufac ture r  of r e s e r v o i r  l i n i n g  
boards.  

Paving - J i m  Wal te r  Corpora t ion  r e p o r t e d  s e l l i n g  a sma l l  
p o r t i o n  of t h e  w a s t e  from one f a c t o r y  t o  a concern  which 
used t h i s  w a s t e  i n  a s p h a l t i c  pav ing  mixes. It was r e p o r t e d  
t h a t  f i e l d  g e n e r a t e d  w a s t e  from re - roo f ing  would no t  be 

' s u i t a b l e  f o r  t h i s  end u s e  because it was " d i r t y " ,  i. e . ,  
c o n t a i n i n g  s h e e t  m e t a l ,  c o a r s e  g r a v e l ,  wood and many n a i l s .  
One paving c o n t r a c t o r  i n  New J e r s e y ,  Tri-County Aspha l t ,  
does  u s e  f a c t o r y  waste from perhaps  s e v e r a l  f a c t o r i e s  i n  
paving mixes  a c c o r d i n g  t o  U. S. P a t e n t  4,325,641 i s s u e d  t o  
Stephen R. Babus and George T. Tucker. The p r o c e s s  u s e s  
on ly  f a c t o r y  waste d e r i v e d  from s h i n g l e s  i n  t h e  form of " tab-  
c u t - o u t s n n ,  which a r e  small 1/4-inch by 5-inch p i e c e s .  Only 
one commercial u n i t  h a s  been b u i l t .  N e w  u n i t s  would have t o  
be custom des igned  and manufactured.  Tri-County Aspha l t  h a s  
i n d i c a t e d  t h a t  about  one p e r c e n t  of t h e  paving mix i s  
composed of s h i n g l e  waste. 

Sale - It was r e p o r t e d  t h a t  s e v e r a l  manufac tu re r s  se l l  
was te  s h i n g l e s  t o  s a l v a g e  o p e r a t i o n s .  Although t h i s  
probably r e p r e s e n t s  a small f r a c t i o n  of t o t a l  f a c t o r i e s  
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waste ,  it  could  be a s t r o n g  d e t e r e n t  t o  a m a n u f a c t u r e r ' s  
d e s i r e  t o  p a r t i c i p a t e  i n  a n  energy r ec l ama t ion  program s i n c e  
he  may r ecove r  as  much a s  60 p e r c e n t  of m a t e r i a l  c o s t  
through s a l v a g e  sale. 

3.1.2 - Job-Site Waste Disposal 

Nearly a l l  r o o f i n g  c o n t r a c t o r s  have b u t  one was t e  d i s p o s a l  
a l t e r n a t i v e  - l a n d f i l l .  Both p u b l i c  and p r i v a t e  l a n d f i l l s  
are used. The o p e r a t o r  of one l a r g e  and s u c c e s s f u l  waste 
i n c i n e r a t o r  s t a t e d  t h a t  r o o f i n g  was te  p r e s e n t s  no t e c h n i c a l  
problems and had o c c a s i o n a l l y  been burned i n  t h e i r  steam- 
g e n e r a t i n g ,  mun ic ipa l  w a s t e  i n c i n e r a t o r .  T h i s  o p e r a t o r  
c la imed t h a t  time-consuming, hand-unloading of p ickup  t r u c k s  
was t h e  major b a r r i e r  t o  r e g u l a r  a c c e p t a n c e  o f '  r o o f i n g  
waste.  Roofing c o n t r a c t o r s  exp res sed  bo th  concern  and 
f r u s t r a t i o n  t h a t  they  had no a l t e r n a t i v e  t o  d i s p o s i n g  of 
roo f ing  waste i n  l a n d f i l l s ;  t h a t  waste d i s p o s a l  c o s t s  a r e  
i n c r e a s i n g ;  and t h a t  t h e  number of a v a i l a b l e  l a n d f i l l s  i s  
d imin i sh ing ,  r e q u i r i n g  e v e r - i n c r e a s i n g  h a u l i n g  d i s t a n c e s .  

3.2 - Waste Collection and Disposal Procedures 

Disposa l  of n e a r l y  a l l  r o o f i n g  waste i n v o l v e s  c o l l e c t i o n  a t  
t h e  f a c t o r y  o r  j ob  s i t e ,  h a u l i n g  t o  p r i v a t e  o r  p u b l i c  
l a n d f i l l s ,  and i n t e r m e n t  i n  t h e  l a n a i  ill a r e a .  

3 -2.1 - Factory Waste 

The bulk of f a c t o r y  was te  i s  hau led  t o  p u b l i c  ( u s u a l l y )  o r  
p r i v a t e  ( o c c a s i o n a l l y )  l a n d f i l l s  by c o n t r a c t  w a s t e  h a u l e r s .  
"Roll-awayn c o n t a i n e r s  a r e  l e f t  a t  t h e  f a c t o r y  t o  be p icked  
up when f i l l e d  t o  c a p a c i t y .  The most  f r e q u e n t l y  mentioned 
c o n t a i n e r  s i z e  was 20 c u b i c  y a r d s  h o l d i n g  17 t o  3 0  t o n s ,  
depending on s i z e  d i s t r i b u t i o n  and compaction of t h e  waste. 
Some m a n u f a c t u r e r s  may haul  t h e i r  own was t e  t o  e i t h e r  
munic ipa l  o r  p r i v a t e  l a n d f i l l s .  A few i n s t a n c e s  of f a c t o r y -  
owned, o f f - s i t e  l a n d f i l l s  were  mentioned,  as was one f a c t o r y  
s i t e  l a n d f i l l .  Haul ing d i s t a n c e  f o r  waste d i s p o s a l  v a r i e s ;  
d i s t a n c e s  t e n  t o  f i f t e e n  m i l e s  were most f r e q u e n t l y  
mentioned. Twenty-f i v e  m i l e s  was t h e  l o n g e s t  hau l  d i s c l o s e d  
i n  i n t e r v i e w s  w i t h  manufac ture rs .  



3 -2 -2 - Job-Site Waste 

Roofing c o n t r a c t o r s  haul  t h e i r  own waste  t o  l a n d f i l l s  when 
t h e  job i s  small  enough o r  t h e i r  t ruck  l a r g e  enough. 
P r i v a t e  was te  d i s p o s a l  c o n t r a c t o r s  a r e  h i r e d  f o r  l a r g e  
r e r o o f i n g  jobs  a s  we l l  a s  i n  a r e a s  where t h e  l a n d f i l l  
o p e r a t i o n  may p r o h i b i t  p r i v a t e  dumpings. P r i v a t e  waste  
c o n t r a c t o r s  t y p i c a l l y  l e a v e  a 2 0  cub ic  y a r d  roll-away 
c o n t a i n e r  a t  t h e  job s i t e  and move i t  when f i l l e d .  Waste 
from a  ve ry  l a r g e  m a j o r i t y  of t h e  r e r o o f i n g  jobs  i s  hauled 
by t h e  r o o f i n g  c o n t r a c t o r .  However, p r i v a t e  d i s p o s a l  f i rms  
handle  a s i g n i f i c a n t  tonnage of roof ing  was te  because they 
s e r v i c e  t h e  l a r g e  r e r o o f i n g  jobs. R e s u l t s  of in te rv iews  d i d  
no t  permi t  a n  e s t i m a t e  of t h e  r e l a t i v e  q u a n t i t i e s  of roof ing  
waste  hauled by r o o f e r s  and d i s p o s a l  c o n t r a c t o r s .  

3 -2 -3 . -- Landfil l  Treatment 

While s p e c i f i c  l a n d f i l l  p r a c t i c e s  vary  widely,  one common 
circumstance r e l a t e d  t o  t r ea tmen t  of roof ing  was tes  d i d  
emerge: recovery of s c r a p  roof ing  from landf  ill s i t e s  i s  
n o t  a t  a l l  l i k e l y .  Alr most l a n d f i l l s ,  l i t t l e  o r  no 
d i s t i n c t i o n  i s  made between roof ing  and o t h e r  waste. The 
h a u l e r  i s  d i r e c t e d  t o  a  s p e c i f i c  dump s i t e  u s u a l l y  based on 
t h e  volume o r  weight  of l o a d  and type  of haul ing  v e h i c l e .  
The roof ing  was te  i s  dumped i n  an a r e a  of mixed municipal  
and o t h e r  was te ,  and t y p i c a l l y  b a c k f i l l e d .  Some l a n d f i l l s ,  
p a r t i c u l a r l y  i n  l a r g e r  me t ropo l i t an  a r e a s ,  may have a  
des igna ted  a r e a  f o r  "demol i t ion  wasten.  Here t h e  roof ing  
waste  becomes mixed wi th  concre te ,  rocks,  metal  and wood 
s t r u c t u r a l  components, and a  v a r i e t y  of o t h e r  m a t e r i a l s .  I n  
t h e  case  of factory-owned l a n d f i l l s ,  a l l  or p a r t  of t h e  
l a n d f i l l  s i t e  may be ded ica ted  t o  f a c t o r y  scrap.  However, 
even a t  such ded ica ted  d i s p o s a l  s i t e s ,  t h e  mixing of t h e  
roof ing  was te  wi th  d i r t  and rocks dur ing  grading  and 
b a c k f i l l i n g  make r e t r i e v a l  f o r  a s p h a l t  recovery un l ike ly .  

3.3 - waste Disposal Costs 

Asphal t  roof ing  manufac turers  and roof ing  c o n t r a c t o r s  
t y p i c a l l y  i n c u r  t h e  same l a n d f i l l  waste  d i s p o s a l  cos t s .  
These c o s t s  a r e  extremely v a r i a b l e  and a r e  a f f e c t e d  by t h e  
fo l lowing  f a c t o r s :  



Waste h a u l i n g  cha rge  

- Dis t ance  t o  l a n d f i l l  - Who h a u l s  t h e  l o a d  ( d i s p o s a l  c o n t r a c t o r  o r  waste 
g e n e r a t o r )  

- S i z e  (volume o r  w e i g h t )  of l o a d  

a L a n d f i l l  charge  ( accep tance  o r  t i p p i n g  . f e e )  . 
Table  3 .1  p r e s e n t s  examples of t h e  r anges  of c o s t s  d i s c l o s e d  
by c o n t a c t s  w i t h  was t e  h a u l e r s ,  c o n t r a c t o r s  and 
manufac ture rs ,  Data have been inc luded  t o  pe rmi t  a  
c a l c u l a t i o n  of d i s p o s a l  c o s t  per  t o n  of r o o f i n g  waste ,  Note 
t h a t  t h e  d i s p o s a l  c o s t  may be s i g n i f i c a n t l y  i n f l u e n c e d  by 
t h e  weight  of t h e  l o a d  ( t h e  d e n s i t y  of r o o f i n g  w a s t e  may 
va ry  between 1685 and 2970 pounds p e r  c u b i c  y a r d ) ,  

Nationwide, a s p h a l t  r o o f i n g  waste d i s p o s a l  c o s t s  most 
t y p i c a l l y  a r e  w i t h i n  t h e  range of $5 t o  $15 per  ton ,  
A p p l i c a t i o n  of p roduc t  mix d a t a  and a s p h a l t  c o n t e n t  
assumpt ions  p r e s e n t e d  p r e v i o u s l y  p e r m i t s  c a l c u l a t i o n  of 
approximate ly  800 pounds of a s p h a l t  per  t o n  of a s p h a l t  
r o o f i n g  waste; t h e  energy va lue  of t h e  w a s t e  i s  t h e r e f o r e  
about  13-1/2 x  106 Btu. per  t o n  of a s p h a l t  r o o f i n g  waste .  
Note t h a t  t h i s  v a l u e  i s  f o r  " c l e a n n  r o o f i n g  was t e  and may 
va ry  widely  depending on a c t u a l  roo f ing  p r o d u c t s ,  g r a v e l  
c o n t e n t ,  e t c .  I n  a d d i t i o n ,  j o b - s i t e  was t e  w i l l  c o n t a i n  
n a i l s  and may c o n t a i n  o t h e r  demol i t i on  w a s t e  which could  
d r a s t i c a l l y  reduce  t h e  per  t o n  energy i n  t h e  l o a d  of r o o f i n g  
waste.  

\ 

3 -4 - Environmental Concerns 

The d i s p o s a l  of a s p h a l t  r o o f i n g  was t e  i s  n e a r l y  a l l  by 
l a n d f i l l ,  w i t h  t h e  p o t e n t i a l  of i n c i n e r a t i o n  i n  some 
i n s t a n c e s ,  mixed w i t h  o t h e r  e lements  of s o l i d  waste .  The 
maj o r  environmental  impact  of a s p h a l t  roof i n g  was t e  d i s p o s a l  
i s  t h e  c o n t r i b u t i o n  t o  packing of l a n d f i l l  s i t e s  which a r e  
becoming more d i f f i c u l t  and c o s t l y  t o  a c q u i r e  and ma in t a in .  
Aspha l t  r o o f i n g  wastes c o n t r i b u t e  on t h e  o r d e r  of  6 m i l l i o n  
c u b i c  y a r d s  a n n u a l l y  t o  t h e  l a n d f i l l  load .  

There  a r e  r e l a t i v e l y  few c o n s t i t u e n t s  of a s p h a l t  r o o f i n g  
waste t h a t  p r e s e n t  a p o l l u t i o n  problem a t  t h e  l a n d f i l l  o r  
d u r i n g  was t e  i n c i n e r a t i o n .  S u l f u r ,  c h l o r i d e s ,  vanadium and 
most o t h e r  p o t e n t i a l l y  hazardous - m a t e r i a l s  found i n  a s p h a l t  
a r e  d i r e c t l y  r e l a t e d  t o  t h e  s p e c i f i c  c rude  o i l  from which 
t h e  a s p h a l t  was taken.  For example, t h e  s u l f u r  c o n t e n t  of 
a s p h a l t s  v a r i e s  i n  t h e  range of 1/2 p e r c e n t  t o  7 p e r c e n t ,  



TABLE 3 . 1  

ASPHALT ROOFING WASTE DISPOSAL COSTS 

Container Fee 

Di.i@aal lee  - 
L a n d f i l l  Charge 

Truck Driver,  1 hr ( 1 )  

  ruck Driver,  2 hr ( 1 )  

16 Ton Truck, 1 . h r  (ij 

Pickup Truck, 2 hr ( 1 )  

Tota l  Cost o f  Load 

N e t  Cost per Ton 

Waste Eauler Waete Eauler Waete Hauler Self mauled Self  Eauled 
Northeaet midueat west Lo* Cant Eiqh Coat 
20 ~atd~. 20 Para*  20 Pardn* 16 Par&* 1/2 Pard* 

26 Tom 30 Tone 17 Tons 26 Ton8 24 Tone 1/2 Tone 

Cubic Yard ( s )  . 
(1) Repair and Remodeling Cost Data; VII: Robert Snow Means Co., Inc. (1982).  



I t  is b e l i e v e d  t h a t  s u l f u r  h a s  n o t  been r e p o r t e d  a s  a  
problem i n  t h e  few e x p e r i e n c e s  w i t h  roo'f i n g  was t e  
i n c i n e r a t i o n  because much r o o f i n g  was t e  c o n t a i n s  1 imestone 
o r  do lomi t e  which can r e a c t  w i t h  t h e  s u l f u r  i n  a s p h a l t  t h u s  
keeping SO2 o u t  of t h e  s t a c k  gas ses .  

One p o t e n t i a l l y  hazardous  m a t e r i a l ,  a s b e s t o s ,  d e s e r v e s  some 
s p e c i a l  c o n s i d e r a t i o n .  ' Aspha l t  r o o f i n g  waste from removal 
of most worn o u t  r o o f s  w i l l  c o n t a i n  some a s b e s t o s  f i b e r .  
The a s b e s t o s  c o n t e n t  of a  l o a d  of j o b - s i t e  waste may va ry  
from v e r y  small, if t h e  roof  c o n s i s t e d  of  wood f i b e r  f e l t s ,  
t o  v e r y  l a r g e ,  i f  a s b e s t o s  f e l t s  had been used. Asbestos-  
c o n t a i n i n g  r o o f i n g  p r o d u c t s  a r e  NOT s u b j e c t  t o  EPA's p a r t  
6 1  of T i t l e  40,  Code of Fede ra l  Regu la t ions  r e v i s e d  J u l y  1, 
1979. Therefore ,  l a n d f i l l i n g  poses  no problem. Asbes tos  i s  
cons ide red  a hazardous m a t e r i a l  i n  t h e  f r e e  s tate.  ( 2 )  
I n c i n e r a t i o n  a t  a  low t empera tu re  might  be c o n s t r u e d  t o  free 
t h e  a s b e s t o s  from i t s  bound-in s t a t e .  However, i n c i n e r a t i o n  
a t  18000F o r  h ighe r  would break down t h e  a s b e s t o s  and 
c o n v e r t  it t o  a  mine ra l  such  a s  F o s t e r i t e  which i s  n o t  
l i s t e d  by EPA a s  a hazardous m a t e r i a l .  Asbes tos  h a s  n o t  
been a  concern  i n  t h e  p r e s e n t  scheme of r o o f i n g  was t e  
d i s p o s a l .  I t  might  become a  concern  under some of t h e  
methods proposed f o r  r e s o u r c e  recovery .  The envi ronmenta l  
concerns  a s s o c i a t e d  w i t h  combustion and o t h e r  r e u s e  c o n c e p t s  
w i l l  be a d d r e s s e d  l a t e r  i n  t h i s  r e p o r t .  



4.0 - RECOVERY OF ASPHALT ROOFING WASTE 

Every working day cons ide rab le  q u a n t i t i e s  of a s p h a l t  roof ing  
waste a r e  t rucked t o  l a n d f i l l s  a l l  over t h e  country a t  both 
a  c o s t  and inconvenience t o  manufac turers  and i n s t a l l e r s  .of 
a s p h a l t  roof ing. Recovery of roof ing  waste  from l a n d f i l l  
s i t e s  i s  n o t  l i k e l y .  Therefore,  recovery of roof ing  was te  
f o r  r euse  w i l l  r e q u i r e  t h a t  it be secured p r i o r  t o  
landf  i l l i n g .  

4 -1 - Availability of Waste 

Nearly a l l  roof ing  was te  is  hauled t o  l a n d f i l l s .  Much of 
t h i s  was te  i s  hauled by t h e  waste genera to r ;  i. e., 
manufac turers  haul  f a c t o r y  waste and roof ing  c o n t r a c t o r s  
hau l  j o b - s i t e  waste. Waste d i s p o s a l  c o n t r a c t o r s  haul  some 
f a c t o r y  waste and some l a rge -  job r e r o o f i n g  waste. It is  "on- 
the-roadn every working day and segregated  t o  a  l a r g e  e x t e n t  
from o t h e r  t y p e s  of was te  u n t i l  it i s  landf  i l l e d .  Except 
f o r  i s o l a t e d  i n s t a n c e s  invo lv ing  c l e a n  f a c t o r y  s c r a p ,  
roof ing  waste  has  no commercial va lue  and t h e r e  i s  no 
compet i t ion  f o r  i t s  a c q u i s i t i o n .  Asphal t  roof ing  was te  is ,  
t h e r e f o r e ,  a v a i l a b l e  i n  l a r g e  q u a n t i t i e s .  

The key t o  s u c c e s s f u l l y  a c q u i r i n g  t h i s  a v a i l a b l e  was te  i s  an 
economically a t t r a c t i v e  a l t e r n a t i v e  t o  l a n d f i l l  d i s p o s a l .  
For f a c t o r y  s c r a p  which might be reused on-s i te ,  t h e  
e l i m i n a t i o n  of a l l  or  p a r t  of t h e  p r e s e n t  d i s p o s a l  system i s  
an  i n c e n t i v e  t o  be added t o  t h e  p r o f i t a b l e  m a t e r i a l  
reclamation.  For j ob-si t e  waste,  t h e  primary i n c e n t i v e  t o  
t h e  roof ing  c o n t r a c t o r  i s  reduc t ion  of d i s p o s a l  cost. I n  
previous  d i s c u s s i o n s ,  t y p i c a l  d isposa l .  c o s t s  f o r  roof ing  
was te  were e s t ima ted  t o  be w i t h i n  t h e  range of $5 t o  $15 per 
ton. 

4.2 - Acquisition and Collection of Roofing Waste 

The c o s t  components of a s p h a l t  roof ing  waste  d i sposa l  by 
p r e s e n t  methods were shown t o  be h a u l i n g  charge and l a n d f i l l  
charge. The l a n d f i l l  charge,  or  t i p p i n g  f e e ,  i s  t y p i c a l l y  
s e v e r a l  d o l l a r s  per  ton  and may c o n s t i t u t e  25 t o  50 pe rcen t  
of t h e  t o t a l  d i s p o s a l  c o s t s . f o r  l a r g e  loads .  For small  
waste q u a n t i t i e s  (i. e. ,  c o n t r a c t o r  pickup t r u c k  l o a d ) ,  t h e  
t i p p i n g  f e e  may be a  l e s s  s i g n i f i c a n t  percentage of t o t a l  
d i s p o s a l  c o s t ,  and dump s i t e  d i s t a n c e  becomes an  ' important  
f a c t o r .  - 



It a p p e a r s  t h a t  n e a r l y  a l l  r o o f i n g  was t e  i n  a n  urban a r e a  
could  be  a c q u i r e d  merely  by p r o v i d i n g  a reasonably  
conven ien t ,  f r e e  dumping s i te .  Convenience would be 
measured i n  terms of d r i v i n g  d i s t a n c e / t i m e  and w a i t i n g  
time. C r i t e r i a  f o r  such a s i t e  might  be set  t o  be 
c o m p e t i t i v e  w i t h  p r e s e n t ,  t y p i c a l  d i s t a n c e  and times. 
Longer d i s t a n c e s  and times might  be a c c e p t a b l e  i f  t h e  h a u l e r  
were compensated f o r  h i s  l o a d  of r o o f i n g  waste. Dr iv ing  
d i s t a n c e  shou ld  n o t  exceed 25 miles (one way) . Dr iv ing  t i m e  
should  n o t  exceed 3/4 hour  ( each  way) and w a i t i n g  t i m e  
should  n o t  exceed t e n  minutes .  A f r e e  dump, o r  c o l l e c t i o n  
s i te ,  which m e t  t h e s e  c r i t e r i a  should  be a t t r a c t i v e  t o  
r o o f i n g  manufac tu re r s  and r o o f i n g  c o n t r a c t o r s .  Waste 
h a u l e r s  would a l s o  be expec t ed  u t i l i z e  such  a f a c i l i t y .  

There  are a number of p o t e n t i a l  s c e n a r i o s  f o r  a c q u i r i n g  and 
c o l l e c t i n g  r o o f i n g  waste. D i f f e r e n t  c h o i c e s  might be 
a p p r o p r i a t e  . for  d i f f e r e n t  re-use concepts .  For example, 
r e p r o c e s s i n g  of r o o f i n g  was t e  a t  r o o f i n g  f a c t o r i e s  might 
i n v o l v e  a r o o f i n g  manufac ture r  as  t h e  prime c o l l e c t i o n  
agent .  O r ,  combustion a t  a f e w  .major,  new g e n e r a t i n g  
f  a c i l  i t i e s  might  i n v o l v e  maj o r ,  n a t i o n a l  was te  hau l  i n g  
f i rms .  The f i n a l  c o l l e c t i o n  c e n t e r  ( t h e  r e u s e  f a c i l i t y )  
might o r  might  n o t  be nea r  a  r o o f i n g  manufac tur ing  l o c a t i o n .  
I n t e r m e d i a t e  c o l l e c t i o n  c e n t e r s  might  o r  might  n o t  be  
necessary .  An a p p o p r i a t e  a c q u i s i t i o n  and c o l l e c t i o n  system 
f o r  a s p h a l t  r o o f i n g  w a s t e  must be de te rmined  on t h e  b a s i s  of 
r euse  concept ,  l o c a t i o n ,  and b u s i n e s s  arrangements .  

4.3 - Cost for Acquiring and Collecting Roofing Waste 

The c o s t  t o  c o l l e c t  r o o f i n g  waste a t  a r e u s e  o r  r e p r o c e s s i n g  
f a c i l i t y  w i l l  be i n f l u e n c e d  by t h e  t y p e ,  s i z e  and l o c a t i o n  
of such  f a c i l i t i e s .  I t  i s  expec t ed  t h a t  w a s t e  
t r a n s p o r t a t i o n  methods w i l l  be t h o s e  p r e s e n t l y  used. Cost  
r anges  have been e s t i m a t e d  f o r  two p o s s i b l e  c a s e s  t o  
demons t ra te  v a r i a t i o n .  Data f o r  t h e s e  two c a s e s  a r e  shown 
i n  Tab le  4 . 1  

Case 1 - Faci l i t i e s  Located a t  Roofing Factories - The 
manuf a c t u r e r l  s c o s t  w i l l  be  i n t e r - f a c t o r y  movement of  w a s t e  i n  
rol.1-of f  o r  dumpster c o n t a i n e r s  which h e  now owns, 

The c o s t  of a c q u i r i n g  t h e  c o n t r a c t o r 1  s waste w i l l  have two 
components. 

1. The c o n t r a c t o r  w i l l  hau l  t h e  was t e  t o  t h e  r o o f i n g  
f a c t o r y  i n  h i s  own t r u c k  when t h e  j o b  s i t e  i s  w i t h i n  
about  twenty- f ive  miles of t h e  r o o f i n g  f a c t o r y .  



2. The c o n t r a c t o r  w i l l  h a u l  t h e  waste t o  a c o l l e c t i o n  p o i n t  
o p e r a t e d  by t h e  r o o f i n g  f a c t o r y  o r  a  c o l l e c t i n g  a g e n t  when 
t h e  j o b  s i t e  i s  more t h a n  abou t  twenty-f ive  miles from t h e  
f a c t o r y .  C o l l e c t i o n  p o i n t s  cou ld  be l o c a t e d  f i f t y  m i l e s  
a p a r t  b u t  no more t h a n  a b o u t  100 miles from t h e  f a c t o r y .  
C o n t r a c t o r s  may c o n t i n u e  t o  use a was t e  h a u l i n g  company f o r  
v e r y  l a r g e  jobs .  The approximate  d i s t a n c e  shown i n  t h i s  and 
t h e  f o l l o w i n g  case was d e r i v e d  from t h e  1985 p r i c e  f o r  
coa l  of $2.82 pe r  106 ~ t u ( 3 )  and a  $0.30 p e r  t o n  
m i l e  t r u c k i n g  c o s t .  So, r o o f i n g  waste was c a l c u l a t e d  t o  have 
a  naximum v a l u e  of $24 - 4 5  pe r  ton.  

I n  Case 1 t h e  manufac tu re r  h a s  i n c u r r e d  a  $10.84 per  t o n  
c o s t  f o r  c o l l e c t i n g  t h e  c o n t r a c t o r ' s  sc rap .  

Case 2 - Faci l i t ies  Located a t  New Sites - A c o n t r a c t  
was t e  h a u l e r  i s  employed t o  a c q u i r e  and t r a n s p o r t  a l l  
r o o f i n g  w a s t e  t o  t h e  p r o c e s s i n g  f a c i l i t y .  T h i s  may i n v o l v e  
ro l l -o f  f c o n t a i n e r s  a t  r o o f i n g  f a c t o r i e s ,  r o l l - o f f  
c o n t a i n e r s  a t  v e r y  l a r g e  re roof  i n g  j o b s  and c o n t a i n e r s  o r  
compactors  l o c a t e d  abou t  50 m i l e s  a p a r t  f o r  use  by 
c o n t r a c t o r s  h a u l i n g  small q u a n t i t i e s  themselves.  These 
l a t t e r  c o l l e c t i o n  p o i n t s  w i l l  be no f u r t h e r  t h a n  100 m i l e s  
from t h e  p r o c e s s i n g  f a c t o r y .  

Note t h a t  no " c o s t "  h a s  been shown i n  Tab le  4 . 1  f o r  was t e  
h a u l e r s  as t h e i r  c o s t s  a r e  r e f l e c t e d  i n  t h e i r  p r i c e s  charged 
t o  t h e  manufac tu re r  and c o n t r a c t o r  i n  Case 2 .  

I t  i s  n o t  s u r p r i s i n g  t h a t  t h e s e  two examples of  waste 
a c q u i s i t i o n  s c e n a r i o s  r e f l e c t  c o s t s  i n  t h e  same range as  
t h o s e  now r e f l e c t e d  f o r  t r a n s p o r t i n g  r o o f i n g  was t e  t o  
l a n d f i l l s .  More d e t a i l e d  a c q u i s i t i o n  c o s t  e s t i m a t e s  cannot  
r ea sonab ly  be  made u n t i l  a l l  t h e  s p e c i f i c s  of a  g iven  r e u s e  
p l a n  can  be add res sed  (which i s  n o t  w i t h i n  t h e  scope of t h i s  
s t u d y ) .  However, i t  h a s  been i n d i c a t e d  t h a t  a s ~ h a l t  r o o f i n s  
waste can  be r ea sonab ly  a c q u i r e d  by p r o v i d i n g  an a p p r o p r i a t e  
a l t e r n a t i v e  t o  l a n d f  i l l i n g .  



Table 4.1 

I n t e r - P l a n t  
Truck 

Contract .or  
Truck - 5 Tons, 
20 miles 

Con t r ac to r  
Dr ive r  

Roll-of f 
Conta iner  

D i sposa l  
Charge 

Di sposa l  
Trucks  

Truck D r i v e r s  

SUMMARY : 

Fac to ry  Waste, 
$/Ton 

C o n t r a c t o r  
Waste, $/Ton 

Contractor 
. Waste, $/Ton 

Pro-Forma Cost Elements for Wo Cases 
of Roofing Waste Acquisitf on 

(Max case per 20 yards or 17 tons) 

I 

CASE 1 CASE 2 
Cost to Cost to Cost to- Cost to 

Hanufact, Contract ,. Manuf act, Contract, 

Neg. - $85 -00 85.00 

- - 120 . o o  120 -00 



5 - 0  - REUSE OF ASPHALT ROOFING WASTE 

Ten concepts  f o r  recover ing  energy from a s p h a l t  roof ing  
was te  have been s tud ied .  Engineering e s t i m a t e s  have been 
prepared f o r  product ion  f a c i l i t i e s ,  c a p i t a l  investment,  
o p e r a t i n g  c o s t s ,  and product  c o s t s  wherever t h e s e  a r e  
a p p l i c a b l e .  These e s t i m a t e s  a r e  judged t o  be a c c u r a t e  
w i t h i n  30 percent .  They provide t h e  b a s i s  f o r  comparing t h e  
a1 t e r n a t i v e s  and s e l e c t i n g  cand ida te  (s)  having cos t -  
e f f e c t i v e ,  commercial p o t e n t i a l .  p o t e n t i a l  market s i z e s  and 
s e l l i n g  pr, ices have a l s o  been es t ima ted  where appropr ia t e .  

Only f a c t o r y  s c r a p  i s  s u i t a b l e  f o r  r euse  i n  some of t h e  
concepts.  An average f i v e  pe rcen t  of t o t a l  product ion  has  
been assumed f o r  f a c t o r y  s c r a p  c o n s i s t i n g  of r o l l s  of f e l t  
roof ing ,  d i sca rded ,  whole s h i n g l e s ,  and smal l  p ieces ,  c a l l e d  
t a b s ,  c u t  from t h e  s h i n g l e s  t o  c r e a t e  an appearance e f f e c t .  
The t a b s  a r e  e s t ima ted  t o  account f o r  3 0  pe rcen t  of t h e  
t o t a l  f a c t o r y  sc rap .  The roof ing  s c r a p  i s  " c l e a n n ,  
segrega ted  from o t h e r  p l a n t  t r a s h  a t  a lmost  a l l  f a c t o r i e s .  
The composition i s  usua l ly  we l l  known. 

~ i e l d  s c r a p  ( j o b  s i t e  was te)  c o n s i s t s  of a i l  t ypes  of 
roof ing  products .  Although t h e  s p e c i f i c  worn-out roof ing  
products  from any one reroof  ing  job may be i d e n t i f i a b l e ,  t h e  
m a t e r i a l  i s  . l i k e l y  t o  be weathered, which changes some 
c o n s t i t u e n t  p r o p e r t i e s ,  and may be contaminated wi th  n a i l s ,  
s h e e t  me ta l ,  lumber or o t h e r  demol i t ion  was te  which can 
a f f e c t  t h e  u t i l i z a t i o n  i n  some of t h e  reuse  concepts.  

Because q u a n t i t i e s  of c l e a n  was te  a r e  a v a i l a b l e  on s i t e ,  i t  
has  been assumed i n  e v a l u a t i o n  of t h e  t e n  concepts  t h a t  no 
f i e l d  s c r a p  would be re tu rned  t o  t h e  f a c t o r y  f o r  in -p lan t  
reuse. It might,  however, be prudent  o r  convenient  f o r  some 
of t h e  r euse  concepts '  t o  l o c a t e  a  roof ing  waste  c o l l e c t i o n  
and p rocess ing  f a c i l i t y  a t  o r  near  a  roof ing  p roduc t s  
p lan t .  

5-1 - Burn Roofing Waste as Fuel 

I n  determining t h e  s t r a t e g i e s  f o r  u t i l i z i n g  a s p h a l t  roof ing  
waste  a s  f u e l ,  it was assumed t h a t  f a c t o r y  s c r a p  would be 
a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s  t o  s a t i s f y  f a c t o r y  
in-house uses  f o r  an a l t e r n a t e  energy source and t h a t  new 
equipment t o  burn e x c l u s i v e l y  t h e  c l ean  product ion  was te  
would be c o n s t r u c t e d  and connected t o  t h e  e x i s t i n g  energy 
system. For f i e l d  waste,  p o s s i b l e  a l t e r n a t i v e s  i n c l u d e  
c o n t r i b u t i o n  of a s p h a l t  roof ing  m a t e r i a l s  t o  t h e  feeds tock  



f o r  e x i s t i n g  munic ipa l  o r  p r i v a t e l y  o p e r a t e d  energy  recovery  
f a c i l i t i e s  (more t h a n  s i x t y  now e x i s t  i n  t h e  Uni ted  S t a t e s )  
o r  c o n s t r u c t i o n  of a new f a c i l i t y  i n  a  l o c a t i o n  of h i g h  
r o o f i n g  was t e  a v a i l a b i l i t y .  I n  t h e  f i r s t  c a s e ,  f i e l d  was t e  
would be combined as  a  r e l a t i v e l y  smal l  f r a c t i o n  w i t h  
processed  s o l i d  waste o r  biomass. Depending on e x i s t i n g  
o p e r a t i o n s ,  t h e  r o o f i n g  was t e  might  r e q u i r e  no s p e c i a l  
p r e p a r a t i o n  and  cou ld  be co-processed w i t h  e x i s t i n g  
f e e d s t o c k  (e.  g., when combined w i t h  munic ipa l  s o l i d  waste 
f o r  energy r e c o v e r y ) ,  o r  might  r e q u i r e  s p e c i a l  t r e a t m e n t  t o  
make  it compat ib le  (e.g. ,  when combined w i t h  hogged wood 
f u e l  o r  o t h e r  s p e c i f i c  biomass w a s t e s ) .  I n  t h e  second c a s e ,  
t h e  new f a c i l i t y  would be des igned  s p e c i f i c a l l y  f o r  a s p h a l t  
r o o f i n g  was te  and would s h a r e  most p h y s i c a l  and o p e r a t i o n a l  
c h a r g c t e r i s t i c s  w i t h  a f a c t o r y  s c r a p f u e l e d  system e x c e p t  
f o r  t h e  need f o r  more e x t e n s i v e  p rep roces s ing .  

When r o o f i n g  waste i s  burned, i t s  a n a l y s i s  a s  a  f u e l  would 
appear  a s  f o l l o w s :  

Aspha l t  (hydrocarbon f u e l )  , 
% by weight  

Organic  f e l t .  ( c a r b o h y d r a t e  
f u e l ) ,  % 

Ash (as s i l i c a t e  m i n e r a l s ,  
s i l i c a ,  l i m e ,  e t c . )  % 

S u l f u r ,  % 
Nitrogen,  % 
C h l o r i d e s  ( a s  f e r r i c  

c h l o r i d e ) ,  % 
Vanadi um, ppm 
Nickel ,  ppm 

Broad Range Typical 

  his a n a l y s i s  assumes t h e  p re sence  of a r e p r e s e n t a t i v e  
p o r t i o n  of worn-out, b u i l t - u p  r o o f i n g  w i t h  i t s  a t t e n d a n t  
mopping a s p h a l t s  and c o a r s e  agg rega t e .  

Many e x i s t i n g  solid was te  combustion systems a r e  Of 
t r a v e l i n g  g r a t e  ( r o t a r y  o r  l i n e a r )  des ign ,  developed f o r  
c e l l u l o s i c  w a s t e s  w i t h  r e l a t i v e l y  low n e t  energy con ten t .  
While t h e  energy  v a l u e  of a s p h a l t  is  much h i g h e r ,  t h e  
r e l a t i v e l y  high c o n t e n t  of non-combustibles i n  r o o f i n g  was t e  
y i e l d s  a m a t e r i a l  n o t  u n l i k e  c e l l u l o s i c  w a s t e s  i n  energy 
con ten t .  Co-preparat ion shou ld  y i e l d  a  combined f e e d s t o c k  
compat ib le  w i t h  e x i s t i n g  combustion systems.  I t  can be 
t h e o r i z e d ,  however, t h a t  e x i s t i n g  and planned was t e  energy 
recovery  sys tems  might  u t i l i z e  on ly  a moderate  p o r t i o n  of 
r o o f i n g  was te ,  

29 



Two t y p e s  of combustion sys tems  f o r  burn ing  ( e x c l u s i v e l y )  
a s p h a l t  r o o f i n g  w a s t e . w e r e  s t u d i e d  a s  a  b a s i s  f o r  new 
f a c i l i t i e s .  The p u l s e  h e a r t h  i n c i n e r a t o r  ( t r a v e l i n g  p i s t o n  
o r  "ram" s t o k e r )  a p p e a r s  w e l l  s u i t e d  t o  a s p h a l t  was t e  
h a n d l i n g  and combustion. A system of t h i s  t y p e  h a s  been i n  
u s e  f o r  s e v e r a l  y e a r s  bu rn ing  c l e a n  s c r a p  a t  one f a c t o r y  and 
h a s  met a l l  EPA s t a n d a r d s  f o r  emis s ions  d u r i n g  t h a t  time. 
More g e n e r a l  a p p l i c a t i o n  t o  f i e l d  s c r a p  would appear  t o  
r e q u i r e  on ly  a d d i t i o n a l  was te  p re -process ing .  The f l u i d i z e d  
bed combustor has  been under development f o r  some t ime  and 
i s  i n d i c a t e d  t o  have t h e  p o t e n t i a l  f o r  more complete  
combustion l e a d i n g  t o  h i g h e r  t h e o r e t i c a l  energy  conve r s ion  
e f f i c i e n c y  and r e d u c t i o n  of cmieoions.  It  was l e a r n e d  t h a t  
f l u i d  bed expe r imen t s  w i t h  a s p h a l t  r o o f i n g  w a s t e  have been 
conducted on a p i l o t  p l a n t  scale. 

F i g u r e s  5 .1  and 5.2 p r e s e n t  equipment and flow c h a r t s  f o r  a  
f l u i d i z e d  bed and a p u l s e  h e a r t h  combustion system 
r e s p e c t i v e l y .  I n  each c a s e ,  p r epa red  a s p h a l t  r o o f i n g  waste 
i s  f e d  t o  t h e  combustion system through  a sh redde r  and a  
me ta l  s e p a r a t o r .  I t  should  be no ted  t h a t ,  f o r  j o b - s i t e  
was te ,  a p p r o p r i a t e  p re -process ing  t o  remove l a r g e r  non- 
c o m b u s t i b l e ~  (e.g.,  m e t a l  f l a s h i n g ,  l a r g e  r o c k s  o r  c o n c r e t e ,  
etc.)  would be necessary .  The e x t e n t  o f ,  s i z e  r e d u c t i o n  
would be de te rmined  by r equ i r emen t s  of t h e  combustion 
system, and t h e  sh redde r  des igned  a c c o r d i n g l y ;  f l u i d  bed 
( s u s p e n s i o n )  combustors  would be expec t ed  t o  r e q u i r e  t h e  
more e x t e n s i v e  s i z e  r e d u c t i o n  of t h e  two systems.  The in -  
l i n e  metal s e p a r a t o r  would be  a magnet ic  d e v i c e  p r i m a r i l y  
f o r  removal of most of t h e  r o o f i n g  n a i l s  i n  t h e  c a s e  of job- 
si t c  was te .  

The h o t  e x h a u s t  g a s e s  from t h e  combustion system a r e  
a v a i l a b l e  f o r  t h e  p r o d u c t i o n  of steam o r  perhaps  f o r  d i r e c t  
p r o c e s s  hea t .  The more g e n e r a l  c a s e  i s  shown i n  F i g u r e  5.2 
where t h e  h o t  combustion gases a r e  d i r e c t e d  t o  a steam 
b o i l e r ;  t h e  steam i s  made a v a i l a b l e  t o  a nearby energy 
customer.  Exhaust  p a s t  t h e  steam b o i l e r  is d e l i v e r e d  t o  a n  
e l e c t r o s c r u b b e r  o r  o t h e r  emiss ions  c o n t r o l  system p r i o r  t o  
r e l e a s e  up t h e  f l u e .  A p o s s i b l e  combined . a p p l i c a t i o n  is 
exempl i f i ed  i n  F i g u r e  5 . 1  ( a p p l i c a b l e  on ly  t o  f a c t o r y  
o n - s i t e  u t i l i z a t i o n  of r o o f i n g  w a s t e ) .  The h o t  e x h a u s t  
cou ld  be  d i r e c t e d  t o  a n  e x i s t i n g  was t e  h e a t  b o i l e r  o r  t o  two 
new u n i t s ,  e i t h e r  a steam b o i l e r  o r  a  h o t  o i l  system. Some 
r o o f i n g  p l a n t s  have c o n v e r t e d  t o  h o t  o i l  sys tems  f o r  p r o c e s s  
use. I n  t h e s e  sys tems  a  h e a t  t r a n s f e r  o i l  r e p l a c e s  steam 
t h u s  p r o v i d i n g  h i g h e r  ' t empera tu re  which is b e t t e r  s u i t e d  t o  
a s p h a l t  sys tems  where t h e  i n -p roces s  a s p h a l t  must be 
ma in t a ined  a t  a  t empera tu re  nea r  4000F. 
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F i g u r e s  5.3 and 5.4 p rov ide  t e n t a t i v e  energy b a l a n c e s  f o r  
t h e  f l u i d i z e d  bed and p u l s e  h e a r t h  combustion sys tems f o r  
t h e  a p p l i c a t i o n s  shown i n  t h e  r e s p e c t i v e  flow c h a r t s .  Steam 
g e n e r a t i o n  e f f i c i e n c i e s  a r e  i n d i c a t e d  t o  be on t h e  o r d e r  of 
65-69 pe rcen t .  Note t h a t  a n  a d d i t i o n a l  f u e l  i n p u t  (most 
l i k e l y  n a t u r a l  g a s )  is shown. I t  i s  b e l i e v e d  t h a t  
supplementa l  f u e l  w i l l  be r e q u i r e d  f o r  complete f i r i n g  of 
t h e  r o o f i n g  was te  combust ib les .  

Combustion of a s p h a l t  r o o f i n g  w a s t e  was examined w i t h  
r e s p e c t  t o  p o l l u t i o n  c o n t r o l  and envi ronmenta l  t r e a t m e n t  of 
combustion products .  D i s c u s s i o n s  w i t h  pe r sonne l  invo lved  i n  
p r e l i m i n a r y  f l u i d i z e d  bed tests ( B i r d  and Son) and i n  t h e  
p u l s e  h e a r t h  combustion of f a c t o r y  s c r a p  ( A l l i e d  M a t e r i a l s  
Corp.) c o n t r i b u t e d  t o '  t h e  f o l l o w i n g  o b s e r v a t i o n s .  

Asbestos Treatment - Most o l d  r o o f i n g  removed d u r i n g  
reroof  i n g  w i l l  c o n t a i n  some a s b e s t o s ,  c o n s i d e r e d  .a 
hazardous m a t e r i a l  only  i n  t h e  f r e e  s t a t e .  (2) 
I n c i n e r a t i o n  of r o o f i n g  waste a t  a  r e l a t i v e l y  low 
combustion t e m p e r a t u r e  might  be c o n s t r u e d  t o  f r e e  t h e  
a s b e t o s  from i ts  bound s t a t e .  Combustion a t  h igh  
t empera tu re  w i l l  break down t h e  a s b e s t o s  and c o n v e r t  i t  t o  
a  benign m i n e r a l  ( F o s t e r i t e ,  n o t  l i s t e d  by t h e  EPA a s  a  
hazardous  m a t e r i a l )  ; a  combustion t e m p e r a t u r e  of a t  1 e a s t  
18000F i s  r e q u i r e d .  The on ly  known f l u i d i z e d  bed 
combustion t e s t i n g  of a s p h a l t  r o o f i n g  w a s t e  was conducted  
a t  1 7 0 0 0 ~ .  The d e s i g n e r  of t h e  f l u i d  bed u n i t  h a s  
i n d i c a t e d  t h a t  t h e  system shou ld  n o t  be o p e r a t e d  above 
17000F due t o  p o s s i b l e  a d v e r s e  e f f e c t s  on s u l p h u r  
c a p t u r e ,  h igh  NOx p r o d u c t i o n ,  and t h e  p o t e n t i a l  f o r  
f u s i n g  t h e  f i n e  p a r t i c u l a t e s  c a u s i n g  b u i l d u p  i n  t h e  u n i t .  
The o p e r a t i o n  of t h e  p u l s e  h e a r t h  system has  been l i m i t e d  
t o  a sbes tos -£  ree f a c t o r y  r o o f i n g  s c r a p .  Combustion 
t e m p e r a t u r e s  have been s i m i l a r  t o  t h o s e  f o r  t h e  f l u i d  bed 
t e s t s  ( abou t  17000F.). However, t h e  manufac tu re r '  s 
r e p r e s e n t a t i v e  s u g g e s t e d  t h a t  h i g h e r  t e m p e r a t u r e  o p e r a t i o n  
(above 1 8 0 0 0 ~ )  might be r e a d i l y  accommodated. 
A d d i t i o n a l  t e s t i n g  f o r  e i t h e r  system w i l l  be n e c e s s a r y  t o  
de termine  t h e  optimum o p e r a t i n g  tempera ture .  

SO2 Control - Combustion tests and o p e r a t i o n  w i t h  new 
s c r a p  have i n d i c a t e d  t h e  amount of l i m e s t o n e  p r e s e n t  a s  
f i l l e r  i n  some r o o f i n g  m a t e r i a l s  i s  s u f f i c i e n t  t o  r e a c t  
w i t h  su lphur  i n  t h e  a s p h a l t  t o  reduce  SO2 emiss ions  t o  
a n  a c c e p t a b l e  l e v e l .  I n  a c t u a l  p r a c t i c e  w i t h  f i e l d  was te ,  
however, it w i l l  l i k e l y  be necessa ry  t o  add a d d i t i o n a l  
l imes tone .  The requ i rements  f o r  l i m e s t o n e  a d d i t i o n  
( p h y s i c a l  and chemical  c h a r a c t e r i s t i c s ,  q u a n t i t i e s ,  f e e d  
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- methods, e t c . )  need t o  be de termined f o r  each combustion 
system. Some of t h e  most s u c c e s s f  u l  f l u i d  bed 
i n s t a l l a t i o n s  f o r  SO2 c o n t r o l  use  a  s p r a y  d r y e r  concept  
w i t h  t h e  l i m e s t o n e  i n t r o d u c e d  i n  w e t  form. I t  i s  
a n t i c i p a t e d  t h a t  t h e  mixing a c t i o n  of t h e  p u l s e  h e a r t h  
sys tem w i l l  promote t h e  s u l f  ur-calcium c a r b o n a t e  r e c t i o n  
d u r i n g  combust ion,  

Other Asphalt Constituents - Minor amounts of c h l o r i d e ,  
vanadium, n i c k e l ,  and o t h e r  e l ements  a r e  p r e s e n t  i n  
r o o f i n g  w a s t e  because t h e y  a r e  c o n s t i t u e n t s  of t h e  
pe t ro leum from which t h e  a s p h a l t  was de r ived .  Such 
c o n s t i t u e n t s  a r e  a l s o  p r e s e n t  i n  t h e  c o n v e n t i o n a l  f u e l  
o i l s  f o r  which t h e  r o o f i n g  w a s t e  may s u b s t i t u t e ,  and they  
p r e s e n t  no s p e c i a l  problems i n  combustion a t  t h e s e  low 
amounts. 

Particulate Collection - I n i t i a l  t e s t s  of f l u i d  bed 
r o o f i n g  s c r a p  combustion i n d i c a t e d  t h e  need f o r  a  
p a r t i c u l a t e  c o n t r o l  system w i t h  a  removal e f f i c i e n c y  of 
a b o u t  90 p e r c e n t .  The p r e l i m i n a r y  t e s t s  used a n  
e l e c t r i f i e d  g r a v e l  bed f i l t e r  which appeared  t o  work 
s a t i s f a c t o r i l y ,  However, t h i s  type  u n i t  h a s  l i m i t e d  
commercial exper ience ,  Other  methods of p a r t i c u l a t e  
c o l l e c t i o n  appear  e q u a l l y  s u i t a b l e ;  e. g., a  bag house w i t h  
h igh  t e m p e r a t u r e  bags and a i r  d i l u t i o n  t o  reduce  t h e  f l u i d  
g a s  t empera tu re .  The p u l s e  h e a r t h  combustor can 
a p p a r e n t l y  be o p e r a t e d  w i t h o u t  a n  a d d i t i o n a l  p a r t i c u l a t e .  
c o l l e c t i o n  system. The combustion system d e s i g n  f e a t u r e s  
low a i r  v e l o c i t y  and low t u r b u l e n c e  i n  t h e  main combustion 
ehamber, and i n c l u d e s  two reburn  t ~ l n n e l s .  I n  compliance 
o p e r a t i o n  b a s  been ach ieved  w i t h o u t  a d d i t i o n a l  a i r  
p o l l u t i o n  c o n t r o l  d e v i c e s .  However, a d d i t i o n a l  t e s t i n g  
w i l l  be needed t o  a s s u r e  t h a t  p a r t i c u l a t e  c o n t r o l  w i l l  be 
s a t i s f a c t o r y  a t  v a r i o u s  o p e r a t i n g  l e v e l s .  

Residue Disposal - Based on v e r y  l i m i t e d  tests ,  it 
a p p e a r s  t h a t  g r a n u l e s  can be  recovered  d u r i n g  t h e  p r o c e s s  
from t h e  f l u i d i z e d  bed system and t h a t  some of t h e  f i l l e r  
m a t e r i a l  can  be recovered  from t h e  p a r t i c u l a t e  c o l l e c t i o n  
system. For t h e  p u l s e  h e a r t h  combustor,  recovery  of 
m a t e r i a l s  from t h e  a s h  r e s i d u e  may a l s o  be  t e c h n i c a l l y  
p o s s i b l e .  However, t h e  c o s t  of recovery  and t h e  low 
p o t e n t i a l  f o r  economic r e u s e  of t h e  m a t e r i a l s  i n d i c a t e s  i t  
i s  more l i k e l y  t h a t  combustion r e s i d u e  w i l l  be d i s c a r d e d ,  
probably  by l a n d f i l l  d i s p o s a l .  The r e s i d u e  c o n s t i t u e n t s  
shou ld  pose  no d i s p o s a l  problems. 



C a p i t a l  and o p e r a t i n g  c o s t s  have been e s t i m a t e d  f o r  t h e  two 
combustion sys tems assuming c a p a c i t i e s  of 4,000 pounds/hour 
r o o f i n g  s c r a p ,  6,000 hours /year  o p e r a t i o n  (12,000 TPY). Two 
c a s e s  a r e  p r e s e n t e d :  r ecovery  and u t i l i z a t i o n  (s team 
p r o d u c t i o n )  and recovery  only .  I n  t h e  f i r s t  c a s e ,  c a p i t a l  
e s t i m a t e s  a r e  based on t h e  most g e n e r a l  s team produc t ion  
a p p l i c a t i o n  and i n c l u d e  t h e  c o s t  of t h e  s team b o i l e r ,  a l l  
p o l l u t i o n  c o n t r o l  systems,  and f e e d s t o c k  p r e p a r a t i o n  
equipment. The f e e d s t o c k  i s  assumed t o  be  j o b - s i t e  r o o f i n g  
was tes ,  o b t a i n e d  a t  z e r o  n e t  a c q u i s i t i o n  c o s t ,  from which 
l a r g e  non-combustible i tems a r e  manually s e p a r a t e d  p r i o r  t o  
system feed.  Opera t ing  c o s t s  i n c l u d e  t h i s  w a s t e  pre- 
p r o c e s s i n g  a s  w e l l  a s  o p e r a t i o n  and maintenance  of a l l  f e e d  
p r e p a r a t i o n ,  combustion, steam produc t ion  and emiss ion  
c o n t r o l  components, t h e  c a p i t a l  d e p r e c i a t i o n ,  and any 
purchased energy c o s t s .  

The second c a s e  i n c l u d e s  a l l  c o n s i d e r a t i o n s  of t h e  f i r s t  
c a s e  e x c e p t  t h a t  t h e  h e a t  produced by burn ing  t h e  a s p h a l t  
was te  i s  made a v a i l a b l e  t o  e x i s t i n g  s team b o i l e r s  o r  o t h e r  
nearby energy customers.  Th i s  " recovery  on ly"  c a s e  i s  
needed t o  p rov ide  a  common b a s i s  f o r  comparison w i t h  t h e  
o t h e r  r e u s e  concepts .  I n  t h i s  second c a s e ,  t h e  c a p i t a l  and 
o p e r a t i n g  c o s t s  of t h e  steam b o i l e r  and of  emiss ion  sys tems 
o r d i n a r i l y  provided i n  o i l  o r  c o a l - f i r e d  sys tems have been 
s u b t r a c t e d .  B o i l e r  convers ion  e f f i c i e n c y  has  been accounted  
f o r  a s  w e l l .  
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5 -2 - Convert Asphalt to Bo, 6 Fuel O i l  Equivalent 

No. 6  . f u e l  o i l  i s  wide ly  used a s  a  f u e l  f o r  l a r g e  b o i l e r s .  
Petroleum r e f  i n e r s  sometimes produce a  No. 6  o i l  by b lend ing  
a s p h a l t  w i t h  a  h i g h e r  d i s t i l l a t e  such a s  No. 2  o i l  o r  
kerosene.  Aspha l t s  i n  r o o f i n g  s c r a p  a r e  s o l u b l e  i n  No. 2  
h e a t i n g  o i l .  The p o t e n t i a l  e x i s t s ,  then ,  f o r  r ecovery  of 
t h e  a s p h a l t  i n  r o o f i n g  s c r a p  by e x t r a c t i o n  w i t h  No. 2  o i l .  
The e q u i v a l e n t  No. 6  o i l  p roduc t  could  be u t l i z e d  a t  t h e  
recovery  f a c i l i t y  t o  produce steam f o r  s a l e  o r  o n - s i t e  use ,  
o r  . s o l d  d i r e c t l y  t o  cus tomers  a s  f u e l .  

Fuel o i l  s p e c i f i c a t i o n s  ( 4  15) , and government s u r v e y s  ( 6 )  
p rov ide  a  b a s i s  f o r  c a l c u l a t i n g  t h e  r a t i o s  of a s p h a l t  i n  
r o o f i n g  s c r a p  t o  No. 2  o i l  r e q u i r e d  t o  produce a  No. 6  o i l .  
T h i s  c a l c u l a t i o n  is based on a n  average  d e n s i t y  of 
0.986 r / c c  f o r  No. 6  o i l  and 0.853 g r / cc  f o r  No. 2  3 o i l .  (6 T h i s  c a l c u l a t i o n  t a k e s  t h e  form: 

0.853 x  c c  2  o i l  + 1.015 x c c  a s ~ h a l t  = 0.986 
c c  2  o i l  + c c  a s p h a l t  

I 

The r e s u l t i n g  mix r a t i o  of No. 2  o i l  t o  a s p h a l t  i n  t h e  
e q u i v a l e n t  No. 6  f u e l  p roduc t  i s  abou t  0.218 by volume o r  
0,.183 by weight .  However, t h e  p roduc t  i s  q u i t e  v i s c o u s  a t  
ambient t empera tu res ,  b a r e l y  pourable .  A f a r  g r e a t e r  
c o n c e n t r a t i o n  of No. 2  o i l  would be r e q u i r e d  i f  t h e  
r e s u l t i n g  s o l u t i o n  i s  t o  be e a s i l y  s e p a r a t e d  by f i l t r a t i o n  
from t h e  s o l i d s  i n  s c r a p  roof ing .  Following f i l t r a t i o n ,  t h e  
s o l u t i o n  would be c o n c e n t r a t e d  t o  s p e c i f i c a t i o n s  by 
d i s t i l l i n g  o f f  t h e  e x c e s s  No. 2  o i l  f o r  r e c y c l e  t o  t h e  
p rocess .  

The c o a l  t a r  p i t c h  i n  some b u i l t - u p  r o o f i n g s  i s  n o t  s o l u b l e  
i n  No. 2  o i l .  I n t r o d u c i n g  such p r o d u c t s  i n t o  t h e  p r o c e s s  
w i l l  have a  sudden and marked e f f e c t .  The r e s u l t i n g  
d e c r e a s e  i n  p roduc t  o u t p u t  and i n c r e a s e  i n  s c r a p  can be 
avo ided  by app ly ing  a  s imple  chemical  tes t  t o  a l l  incoming 
l o a d s  of s c r a p  from re - roof ing  o p e r a t i o n s .  Coal t a r  
p r o d u c t s  cou ld  t h e n  be w i t h h e l d  from t h e  process .  

T h i s  p r o c e s s  w i l l  reduce  two t o n s  of  w a s t e  r o o f i n g  t o  a b o u t  
2,500 pounds of sc rap .  The volume r e d u c t i o n  of s c r a p  w i l l  
be  even more s i g n i f i c a n t  s i n c e  a s p h a l t  i s  a  low d e n s i t y  
c o n s t i t u e n t  of r o o f i n g  sc rap .  The convers ion  p r o c e s s  w i l l  
t h e r e f o r e  reduce  na t ionwide  l a n d f i l l  requi rements .  



There i s  a n  a d d i t i o n a l  p o t e n t i a l  f o r  r e c o v e r i n g  raw 
m a t e r i a l s  from t h e  s c r a p  t o  be reused  i n  r o o f i n g .  An 
a d d i t i o n a l  s o l v e n t  e x t r a c t i o n  p r o c e s s  might  be used t o  
r ecover  g r a n u l e s  and f i l l e r  m a t e r i a l  from f r e s h  f a c t o r y  
s c r a p  f o r  r euse .  The a d d i t i o n a l  s t e p  was n o t  ana lyzed  
because  i t  seemed l i k e l y  t o  be uneconomic a t  t h i s  time based 
on t h e  a n a l y s i s  of  s o l v e n t  e x t r a c t i o n  p r e s e n t e d  i n  S e c t i o n  
5  05. 

The equipment r e q u i r e d  t o  c o n v e r t  r o o f i n g  s c r a p  t o  No. 6  o i l  by 
t h e  a d d i t i o n  of No. 2  o i l  i s  r e l a t i v e l y  s t a n d a r d  c o n s i s t i n g  
p r i m a r i l y  of a g i t a t e d  k e t t l e s ,  f i l t e r  equipment,  and equipment t o  
condense t h e  e x c e s s  No. 2 o i l  from t h e  p r o c e s s  f o r  reuse. 

F i g u r e  5.5 i n d i c a t e s  t h e  equipment ar rangement  and m a t e r i a l s  
f low f o r  t h i s  convers ion  process .  A f t e r  f i r s t  removing 
l a r g e  non-combust ibles  from t h e  r o o f i n g  was te ,  t h e  m a t e r i a l  
would p a s s  th rough  a  sh redder  t o  reduce  t h e  f e e d s t o c k  t o  
approx imate ly  l /4- inch s i z e ,  fo l lowed  by magnetic  s e p a r a t i o n  
t o  remove n a i l s .  

The p repared  f e e d  s t o c k  i s  i n t r o d u c e d  i n t o  a n  a g i t a t e d  
k e t t l e  which i s  m a i n t a i n e d  a t  1200F, a long  w i t h  No. 2  o i l  
i n  a  50-50 mix tu re .  A f t e r  t h e  s o l v e n t  h a s  d i s s o l v e d  t h e  
a s p h a l t  c o n t a i n e d  i n  t h e  f e e d  s t o c k ,  t h e  m i x t u r e  i s  pumped 
t o  f i l t e r  equipment  which s e p a r a t e s  t h e  No. 2 o i l / a s p h a l t  
s o l v a t e d  m i x t u r e  from t h e  s o l i d s  c o n s i s t i n g  of g l a s s -  
m a t / f e l t ,  g r a n u l e s ,  and f i l l e r .  

The s o f v a t e d  m i x t u r e  i s  t h e n  f e d  t o  a  c l o s e d  v e s s e l  h e a t e d  
t o  4000F. The e x c e s s  No. 2 o i l  is v a p o r i z e d ,  condensed, 
and r e t u r n e d  f o r  use  i n  t h e  p rocess .  The remaining s o l v a t e d  
m i x t u r e  c o n s i s t s  of approximate ly  15 p e r c e n t  No. 2  o i l ,  85 
p e r c e n t  a s p h a l t  and i s  s i m i l a r  t o  a  No. 6  o i l .    he p roduc t  
i s  pumped from t h e  v e s s e l  and t r a n s p o r t e d  t o  a  s t o r a g e  t a n k  
which is k e p t  a t  2000F. 

F i g u r e  5.6 i n d i c a t e s  t h e  energy ba lance  f o r  t h i s  p rocess .  
The b a l a n c e  r e f l e c t s  some l o s s  of a s p h a l t  i n  t h e  r e s i d u e  
d i s c h a r g e  (abou t  13.5 p e r c e n t  of f e e d s t o c k  a s p h a l t  c o n t e n t )  
and a n  i d e a l  z e r o  l o s s  of No. 2  o i l .  The recovery  
e f f i c i e n c y  of t h e  a s p h a l t  energy i n  r o o f i n g  w a s t e  i s  
t h e r e f o r e  86.5 p e r c e n t ,  w i t h  a  n e t  energy recovery  of 34 
pe rcen t .  No c r e d i t  i s  t a k e n  f o r  t h e  p o t e n t i a l  r e u s e  of 
r e s i d u e s .  

C a p i t a l  c o s t s  f o r  t h e  p r o c e s s  equipment and o p e r a t i n g  c o s t s  
f o r  convers ion  p r o c e s s  a t  12,000 TPY, i n c l u d i n g  purchase  of 
No. 2 f u e l  o i l  and t e n  y e a r  d e p r e c i a t i o n ,  a r e :  
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C a p i t a l  Cost:  $550,000 
$45.83/annual t o n  

Opera t ing  Cost :  $420,00O/yr 
$35.00/ton 

Recovery: 130,600 ~ ~ ~ t u / y r  817,000 g a l / y r  ( f u e l  
or  : s u b s t i t u t e )  

$3.22/MMBtu $0 .5 1 /ga l  

5.3 - Convert Asphalt t o  Petroleum Feedstock by Fluid 
Coking 

T h i s  r e u s e  concept  i s  d i s c u s s e d  i n  t h e  n e x t  s u b s e c t i o n  
t o g e t h e r  w i t h  P y r o l y s i s  because of a  g rea ' t  number of common 
f a c t o r s  and c o n s i d e r a t i o n s .  

5.4 - Recover Crude O i l  from Asphalt Roofing Waste by 
Pyrolysis 

The convers ion  p r o c e s s e s  of a s p h a l t  r o o f i n g  w a s t e  p y r o l y s i s  
and f l u i d  coking t o  produce g a s  o i l  o r  r e f i n e r y  f e e d s t o c k  
were reviewed i n  much less  d e t a i l .  A number of g e n e r a l  
c o n s i d e r a t i o n s  i n d i c a t e  i t  would be u n r e a l i s t i c  t o  t r e a t  
such convers ion  p r o c e s s e s  on a  p a r i t y  b a s i s  w i t h  o t h e r  
concep t s  due t o  technology complexity.  The c o n v e r s i o n  of 
heavy hydrocarbons such a s  a s p h a l t  t o  l i g h t e r  hydrocarbons 
has  been accompanlished and c o n t i n u e s  under development f o r  
v a r i o u s  s y n t h e t i c  c rude  o i l s  u s i n g  cok ing  o r  p y r o l y s i s  t y p e  
p rocesses .  However, some of t h e  technology is  on t h e  
l e a d i n g  edge of t h e  " s t a t e  of t h e  a r t n ,  and economics f o r  
many of t h e  i n i t i a t i v e s  do n o t  l o o k  promising. 



Flu id  coking o r  p y r o l y s i s  conversion systems must be 
designed s p e c i f i c  t o  t h e  feedstock.  For t h i s  reason,  
equipment i tems must be i n d i v i d u a l l y  designed and 
developed. The "custom-maden na tu re  of t h e  equipment 
c o n t r i b u t e s  t o  very high c a p i t a l  cos t s .  The ope ra t ion  and 
maintenance of t h e  equipment and the  complexity of process  
c o n t r o l  r e q u i r e  s k i l l e d  personnel  of t h e  type  found i n  t h e  
petroleum r e f i n i n g  and chemical process ing i n d u s t r i e s ;  such 
s k i l l s  a r e  no t  abundant i n  t h e  roof ing  o r  energy recovery 
i n d u s t r i e s .  These f a c t o r s  c o n t r i b u t e  t o  high ope ra t ing  
cos t s .  

To be compet i t ive ,  economics of s c a l e  must be app l i ed  t o  
reduce t o t a l  c o s t  per uriit; of i n p u t  o r  output .  By 
comparison wi th  synfue l  i n i  t a t i o r s ,  p l a n t  c a p a c i t i e s  of t h e  
order  of 10,000 t o n s  per  hour might be considered.  The 
capifel cnsk nf such a facility would be about $200 
m i l l i o n ( 7 )  t o  $250 m i l l i o n  (8)  , and would r e q u i r e  
approximately 20 pe rcen t  of a l l  roof ing  waste a s  feedstock.  
It is  u n l i k e l y  t h a t  such a f r a c t i o n  of roof ing waste could 
be c o l l e c t e d  a t  one l o c a t i o n  wi th  any p r a c t i c a l i t y .  

During t h i s  s tudy,  cons ide rab le  informat ion was accumulated 
on energy recovery from waste  m a t e r i a l s  o the r  than  a s p h a l t  
roof ing  sc rap .  Of p a r t i c u l a r  i n t e r e s t  were t h e  va r ious  
i n i t i a t i v e s  f o r  waste  t i r e  conversion. Waste t i r e s  .have 
been recognized a s  a p o t e n t i a l l y  s i g n i f i c a n t  energy 
resource ;  d i s p o s a l  problems pecu l i a r  t o  whole t i r e  
l a n d f i l l i n g  have prompted t h e  development of waste  t i r e  
energy recovery technologies ,  i nc lud ing  p y r o l y s i s  t o  recla im 
useab le  hydrocarbons. A number of waste t i r e  p y r o l y s i s  
systems of t h e  order  of 5-500 t o n s  per day i n p u t  have been 
s t u d i e d  o r  designed and, i n  a few cases ,  operated.  The 
produc ts  of t i r e  p y r o l y s i s  a r e  t y p i c a l l y  a medium - B t u  gas, 
an  o i l  no t  un l ike  crude o i l ,  and combustible char  ash,  
r e p r e s e n t i n g  t h e  approximate 90 percen t  hydrocarbon con ten t  
of t i r e s .  Py ro lys i s  p rocess ing  of t i r e s  w a s  e s t imated  t o  
c o s t  as l i t t l e  a s  $13/ton(9) i n  1976 o r  approximately 
$20/ton of t i r e  i n p u t  i n  1982 p r i c ing .  This  assumes 
u t i l i z a t i o n  of a l l  o r  most of t h e  generated gas  a s  t h e  
primary energy source  f o r  t he  " d e s t r u c t i v e  d i s t i l l a t i o n n  
process.  Unfor tunate ly ,  only l i m i t e d  markets e x i s t  f o r  t h e  
char product ,  and t h e  o i l  may r e q u i r e  some t rea tment  t o  
upgrade i t  f o r  s a l e  as a f u e l  o i l .  

The p o t e n t i a l  f o r  development of comparably-sized a s p h a l t  
roof ing  waste  p y r o l y s i s  systems is  very low. The 
hydrocarbon con ten t  of a s p h a l t  roof ing  is  only about 40 
percen t  t h a t  of t i r e s .  Product ou tpu t  would be equ iva l en t ly  



less  o r ,  converse ly ,  e q u i v a l e n t  p roduc t  o u t p u t  would r e q u i r e  
a  system c a p a c i t y  2.5 times l a r g e r .  The g a s  p roduc t  would 
be  i n t i m a t e l y  mixed w i t h  t h e  l a r g e  p r o p o r t i o n  of non- 
c o m b u s t i b l e ~  i n  a s p h a l t  r o o f i n g  w i t h  a  low p r o b a b i l i t y  of 
recovery .  

The one example of p y r o l y s i s  p r o c e s s i n g  i n  few t o n  pe r  hour 
c a p a c i t y  ( t i r e s )  was s u f f i c i e n t l y  d i s c o u r a g i n g  t o  b r i n g  t o  
t e r m i n a t i o n  f u r t h e r  s t u d y  of coking o r  p y r o l y s i s  a s  r e u s e  
c o n c e p t s  f o r  a s p h a l t  r o o f i n g  waste.  

5.5 - Recover Asphalt from Roofing Waste by Solvent 
Extraction 

The s o l v e n t  e x t r a c t i o n  p r o c e s s  f o r  t h e  recovery  of a s p h a l t  
from r o o f i n g  s c r a p  i s  w e l l  khown w i t h  s e v e r a l  p a t e n t s  and 
much t e c h n i c a l  d a t a  a v a i l a b l e .  Var ious  s o l v e n t s  have been 
used. P e r c h l o r e t h y l e n e  and hep tane  are t h e  most popular .  
The a s p h a l t  impregnated w a s t e  i s  mixed w i t h  t h e  s o l v e n t  
which s e p a r a t e s  t h e  a s p h a l t  from t h e  o t h e r  r o o f i n g  . 
m a t e r i a l s .  It a p p e a r s  t h a t  t h e  recovered  a s p h a l t  from 
f a c t o r y  was te  can  r e a d i l y  be  reused  i n  manufac tu r ing  
roof ing .  The remaining components c o n s i s t i n g  . p r i m a r i l y  of 
g r a n u l e s ,  f i l l e r ,  and g l a s s  mat/f e l t  would have  t o  be 
i n v e s t i g a t e d  f u r t h e r  a s  t o  t h e  p o s s i b l e  r e u s e  i n  
manufac tu r ing  roof ing .  Granu les  r ec la imed  i n  one t es t  were 
a b l e  t o  be r e u s e d  b u t  on ly  on t h e  unexposed p o r t i o n  of 
s h i n g l e s .  They e x h i b i t e d  poor adhes ion ;  t h e r e f o r e ,  
a d d i t i o n a l  r e s e a r c h  work must be done t o  de te rmine  i f  
g r a n u l e s  can be reused  i n  a  c o s t - e f f e c t i v e  manner. I t  
a p p e a r s  t h a t  t h e  remainder of t h e  components i f  reduced 
below 50 mesh could  be r e u s e d  a s  f i l l e r  m a t e r i a l  i n  f i l l e d  
c o a t i n g  a s p h a l t .  

F i g u r e  5.7 p r o v i d e s  a  g r a p h i c  d e s c r i p t i o n  of equipment and 
m a t e r i a l  f low f o r  s o l v e n t  e x t r a c t i o n  of a s p h a l t  from r o o f i n g  
waste. The system shown i s  s u g g e s t e d  by Clermont 
Eng inee r ing  Co., and is based on a  f e e d  r a t e  of 40 tons/day.  
Clermont h a s  a n  o p e r a t i o n a l  p l a n t  a t  t h e i r  f a c i l i t i e s  i n  
Appleton,  Wisconsin u s i n g  t h e  p r o c e s s  shown. The system h a s  
been t e s t e d  f o r  v a r i o u s  f e e d s t o c k s  i n c l u d i n g  r e p o r t e d l y  
s u c c e s s f u l  tests on a s p h a l t  r o o f i n g  w a s t e  conducted f o r  a  
r o o f i n g  manufacturer .  

Using equipment nomenclature shown on t h e  f l o w s h e e t ,  t h e  
p r o c e s s  is d e s c r i b e d  a s  f o l l o w s :  
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The washer-dryers  ( X - 1 ,  X-2) a r e  charged w i t h  roof sc rap .  
The h a t c h e s  a r e  p u t  i n  p l a c e  and secured .  Hot s o l v e n t  
from Tank T-2 is pumped by Pump P-2 i n t o  t h e  washer- 
d r y e r s .  The washer-dryers  r o t a t e  f o r  t e n  m i u t e s ,  t h e n  
s t o p  w i t h  t h e  sump down. The h o t  a spha l t - con tamina ted  
s o l v e n t  w i l l  t h e n  f low t o  Tank T-1. 

One h a l f  of t h e  h o t  c l e a n  s o l v e n t .  i n  Tank T-3 is pumped 
i n t o  t h e  now r o t a t i n g  washer-dryers .  Af t e r  e i g h t  minutes  
of washing, t h e  washer-dryers  s t o p  and t h e  s o l v e n t  f l o w s  
t o  Tank T-2. T h i s  c y c l e  i s  r e p e a t e d  w i t h  t h e  o t h e r  h a l f  
of t h e  s o l v e n t  from Tank T-3. 

Next, s team i s  f e d  i n t o  t h e  r o t a t i n g  washer-dryers .  The 
r e a c t i o n  of t h e  steam w i t h  t h e  s o l v e n t  c a u s e s  t h e  s o l v e n t  
t o  f l a s h  o f f  and, a long  w i t h  t h e  s team vapors ,  p a s s  t o  
S e p a r a t o r  Tank S-1 where a l l  f r e e  l i q u i d  d r o p s  o u t  of t h e  
bot-tom and f l o w s  t o  Tank T-2. The v a p o r s  p a s s  through 
Demister  M - 1  and a r e  c ~ n d e n s e d  i n  Condenser C-2. The 
condensed l i q u i d  f lows  t o  Decanter  D-1 where t h e  s o l v e n t  
and w a t e r  s e p a r a t e .  The wa te r  goes  t o  t h e  sewer and t h e  
s o l v e n t  t o  Tank T-3. Tank T-3 f i l l s  t o  p r o v i d e  t h e  
s o l v e n t  f o r  t h e  second and t h i r d  wash of t h e  n e x t  c y c l e .  
Should make-up s o l v e n t  be r e q u i r e d ,  i t  is drawn from 
Tank T-4. 

Following t h e  f i r s t  wash, t h e  contaminated  s o l v e n t  i n  Tank 
T-1 is c i r c u l a t e d  by Pump P-1 and h e a t e d  by Hea te r  H-1 t o  
a n  e l e v a t e d  t empera tu re .  A s  t h e  s o l v e n t  r e - e n t e r s  Tank T- 
1, a p o r t i o n  of i t  f l a s h e s  o f f  and p a s s e s  through Demister  
M - 1  and on t o  Condenser C-1. The l i q u i d  t h e n  f l o w s  t o  
Decanter  D-1 from which t h e  w a t e r  f lows  t o  t h e  sewer and 
t h e  s o l v e n t  t o  Tank T-3. A s  t h e  c o n c e n t r a t i o n  of t h e  
a s p h a l t  i n  t h e  s o l v e n t  i n  Tank T-1 i n c r e a s e s .  a l i a u i d  
level s e n s o r  s e n s e s  t h e  l e v e l  and a t  t h e  proper  time s h u t s  
o f f  t h e  h e a t  and d i r e c t s  t h e  l i q u i d  t o  flow t o  t h e  
D i s t i l l a t i o n  C o l m n  (DC). 

The o p e r a t i o n  of t h e  d i s t i l l a t i o n  column i s  s i m i l a r  t o  
t h a t  of Tank T-1. I t  i s  s m a l l e r  and t h e  o p e r a t i n g  
t e m p e r a t u r e  is  h igher .  A s  t h e  c o n c e n t r a t i o n  i n c r e a s e s ,  
t h e  l e v e l  d r o p s  and t h e  t e m p e r t u r e  . i n c r e a s e s .  A t  t h e  
proper  t i m e ,  super-heated  steam is  i n t r o d u c e d  i n t o  t h e  
column. This steilln a i d s  i n  removing t h e  l a s t  t r a c e s  of 
s o l v e n t  i n  t h e  a s p h a l t .  Once t h e  c y c l e  i s  complete,  t h e  
a s p h a l t  i s  pumped t o  Tank T-5 f o r  s t o r a g e .  

Upon comple t ing  of t h e  steam-out of t h e  washer-dryers ,  t h e  
h a t c h e s  a r e  removed and t h e  s o l i d s  a r e  dropped o n t o  t h e  



s to rage  conveyor. From t h e r e ,  t h e  s o l i d s  e n t e r  a t  a  
c o n t r o l l e d  r a t e  i n t o  t h e  s e p a r a t i o n  and grad ing  po r t i on  of 
t h e  process.  According t o  t h e  m a t e r i a l  balance i n d i c a t e d  i n  
Figure  5.7, about  95 percen t  of t h e  a s p h a l t  from t h e  roof ing  
waste i s  r ecove rab le  by t h i s  process ;  t h e  remainder is  i n  
t h e  s o l i d s  res idue .  Solvent " l o s s n  ( i n c l u s i o n  p r imar i ly  i n  
t h e  product  a s p h a l t )  i s  es t imated  t o  be only 160 poundsjday 
f o r  t h i s  40 ton/day process.  

The recovered a s p h a l t  product  from so lven t  e x t r a c t i o n  i s  
p r e s e n t l y  cons idered  f o r  r euse  i n  roof ing  manufacture, 
s u b s t i t u t i n g  f o r  f r e s h  aspha l t .  U t i l i z a t i o n  f o r  o the r  
a p p l i c a t i o n s  such a s  d i l u t i o n  t o  f u e l ,  e t c . ,  a r e  no t  
a t t r a c t i v e ;  a s  prev ious ly  ind ica ted , .  recovery of a s p h a l t  
w i t h  No. 2  o i l  t o  produce an equ iva l en t  No. 6  f u e l  o i l  can 
be accomplished d i r e c t l y  from t h e  roof ing  waste. I f  t h e  
.product i s  p r imar i ly  f o r  r euse  i n  the production of new 
roof ing,  t h e  a s p h a l t  must be recovered a t  a  c o s t  l e s s  t han  
o r  equal  t o  t h a t  of purchased and de l ive red  f r e s h  a spha l t .  
That t h i s  economics requirement can be met by proposed 
so lven t  e x t r a c t i o n  systems is no t  a t  a l l  c l e a r .  

Es t imates  f o r  t h e  so lven t  e x t r a c t i o n  system c o s t s ,  assuming 
a  40 ton/day roof ing  waste  f e e d  r a t e  and 288 day/year 
ope ra t ion  (11,538 TPY) , a r e :  

Cap i t a l  Cost: $1,600,000 
$13 9/annual ton  

Operat ing Cost : $750,000 
$65.00,/f on 

Recovery: 113,765 ~ ~ ~ t u / y r  o r :  712,000 ga l  a spha l t / y r  
$6.59/MMBtu $1.05/gal 

5.6 - Thermal Extraction of Asphalt from Roofing Waste 

U. S. Pa t en t  4,330,340 d e s c r i b e s  a  p rocess  f o r  e x t r a c t i n g  
excess  a s p h a l t ,  a s p h a l t  s a t u r a t e d  pu lp  and a s p h a l t  coated 
aggrega te  from job s i t e  waste. The method desc r ibes  dumping 
roof ing  waste  i n t o  a  k e t t l e  of hot ,  f r e s h  a s p h a l t  maintained 
a t  fj(lOoF. Asphalt  s a t u r a t e d  pu lp  i s  claimed t o  f l o a t  t o  
t h e  top. Aggregate s i n k s  t o  the  bottom and exces s  a s p h a l t  
i s  claimed t o  mix with  t h e  a s p h a l t  which comprises t h e  
hea t ing  bath. A b r i e f  communication wi th  t h e  inventor  
suggested t h a t  t h i s  p rocess  h a s  never been demonstrated. 
Experience and judgement sugges t  t h a t  very l i t t l e  a s p h a l t  
would be recovered by t h i s  process.  The p a t e n t  s t a t e s  t h a t  



t h e  p r o c e s s i n g  of s h i n g l e  w a s t e  w i l l  be a  n e t  consumer of 
a s p h a l t ;  t h i s  i s  a p p a r e n t l y  because some r o o f i n g  components 
may soak ' u p  o r  become c o a t e d  w i t h  a d d i t i o n a l  a s p h a l t  from 
t h e  bath.  S i n c e  s h i n g l e s  c o n t a i n  about  2/3 of t h e  a s p h a l t  
i n  a l l  r o o f i n g  w a s t e  it seems obv ious  t h a t  such  a  p r o c e s s  
would recover  l i t t l e ,  i f  any, a s p h a l t  on a  n a t i o n a l  ave rage  
b a s i s .  Thermal e x t r a c t i o n  of a s p h a l t  was r a t e d  v e r y  low 
because i t  seemed c l e a r  t h a t  i t  would be a  f a r  less  
e f f i c i e n t  p r o c e s s  t h a n  o t h e r s  such  a s  s o l v e n t  e x t r a c t i o n .  

5.7 - Hydraulic Extraction of Asphalt from Roofing Waste 

Recovery of t h e  a s p h a l t  i n  f r e s h  r o o f i n g  w a s t e  u s i n g  a  wa te r  
p r o c e s s  was demonst ra ted  on l a b o r a t o r y  s c a l e  by B i r d  and Son 
n e a r l y  40 y e a r s  ago. Th i s  was a  cumbersome p r o c e s s  
i n v o l v i n g  hammermilling, s c r e e n i n g  t o  s e p a r a t e  d i s l o d g e d  
minera l  g r a n u l e s ,  wa te r  soaking,  and prolonged - v i o l e n t  
a g i t a t i o n .  Much of t h e  a s p h a l t  remained w i t h  t h e  f e l t s  and 
d i s l o d g e d  g r a n u l e s .  F ree  a s p h a l t  was o b t a i n e d  w i t h  i t s  
combined m i n e r a l  f i l l e r  and was regarded  a s  w a s t e  t o  be 
d i s c a r d e d  because of t h e  low v a l u e  of a s p h a l t  i n  t h e  
1940 I s .  Today's  "f reen a s p h a l t  c o n t a i n s  much h i g h e r  f i l l e r  
c o n t e n t s  which would i n c r e a s e  t h e  d i f f i c u l t y  of s e p a r a t i o n  
by t h i s  p r o c e s s  because  of t h e  much h i g h e r  v i s c o s i t y  caused 
by t h e  i n c r e a s e d  f i l l e r  load ing .  T h i s  p r o c e s s  was never  
t r i e d  w i t h  weathered  roof ing .  The low recovery  e f f i c i e n c y  
of f r e e  a s p h a l t  and t h e  l i k e l y  need f o r  a n  a d d i t i o n a l  
s o l v e n t  e x t r a c t i o n  s t e p  t o  s e p a r a t e  a s p h a l t  from f i l l e r  
ranked t h i s  p r o c e s s  q u i t e  low. . 

The use  of Canadian t a r  sands  wa te r  s e p a r a t i o n  p r o c e s s e s  was 
a l s o  cons ide red .  T h i s  s o r t  of p r o c e s s  i n v o l v e s  h o t ,  
chemica l ly  modif ied  wa te r  t o  " f l o a t n  bi tumen from sand 
p a r t i c l e s .  , The a s p h a l t s  i n  r o o f i n g  and e s p e c i a l l y  i n  
weathered ,  worn o u t  r o o f i n g  a r e  ext remely  v i s c o u s  whereas 
t a r  sands  bitumen is  r a t h e r  so£ t. 'lahe s o t  t e n i n g  p o i n t  of 
weathered  a s p h a l t s  i s  u s u a l l y  w e l l  above t h e  b o i l i n g  p o i n t  
of water .  A s p h a l t  must be f l o w a b l e  f o r  t h e  p r o c e s s  t o  
succeed and f o r  t h i s  r eason  t h e  concept  was r a t e d  low. 

5.8 - Recycle Roofing Scrap as  Fi l ler  i n  New Shingles 

A prime i n g r e d i e n t  of new a s p h a l t  r o o f i n g  s h i n g l e s  i s  f i l l e d  
c o a t i n g  o o n ~ i o t i n g  'of blown a s p h a l t  and f i l l e r  ( f i n e l y  
ground rock,  sand o r  l i m e s t o n e )  i n  q u a n t i t i e s  of a b o u t  100 
pounds/square - 40 t o  50 p e r c e n t  of t h e  s h i n g l e  weight .  The 
use  of f i n e l y  chopped a s p h a l t  r o o f i n g  s c r a p ,  which a l r e a d y  



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

T h i s  concep t  i s  n o t  new; t h e  i d e a  of r e c y c l i n g  r o o f i n g  s c r a p  
h a s  been h i s t o r i c a l l y  c o n s i d e r e d  and even p a r t i a l l y  
developed by t h e  i n d u s t r y .  U. S. P a t e n t  No. 2,368,371 
( J a n u a r y  3 0 ,  1 9 4 5 ) ,  now e x p i r e d ,  d e s c r i b e s  a  p r o c e s s  f o r  
comminuting f a c t o r y  r o o f i n g  w a s t e  and i n c o r p o r a t i n g  t h e  
m a t e r i a l  i n  t h e  mol ten  a s p h a l t  t o  be a p p l i e d  t o  new s h i n g l e s  
i n  process .  The r e c y c l i n g  was n o t  implemented because of 
p e r c e i v e d  a d v e r s e  e f f e c t s  on s h i n g l e  q u a l i t y .  U n t i l  r a t h e r  
r e c e n t l y ,  a s p h a l t  s h i n g l e s  i n c o r p o r a t e d  o r g a n i c  f e l t  bases .  
I t  was reasoned t h a t  o r g a n i c  f e l t  f i b e r s  d e t e r i o r a t e  r a p i d l y  
when exposed t o  t h e  wea the r ,  and t h a t  i n c o r p o r a t i o n  of f e l t  
f i b e r s  i n  t h e  exposed l a y e r s  of t h e  f i l l e d  c o a t i n g  cou ld  
l e a d  t o  more r a p i d  d e g r a d a t i o n  and d e c r e a s e d  l i f e  of t h e  
s h i n g l e s .  However, w i t h  t h e  a d v e n t  of f i b e r  g l a s s  s h i n g l e s ,  
t h e r e  i s  less concern  a s  t o  weather  r e s i s t a n c e .  F i b e r  g l a s s  
base  s h i n g l e s  a l r e a d y  c o n s t i t u t e  a  m a j o r i t y  of p roduc t ion  
and a r e  e x p e c t e d  t o  t o t a l l y  r e p l a c e  f e l t  base  s h i n g l e s  i n  
t h e  f u t u r e  ( a  major  i n d u s t r y  change) .  There fo re ,  t h e  
concep t  of r o o f i n g  s c r a p  r e c y c l i n g  m e r i t s  r e i n v e s t i g a t i o n .  

The r e c y c l i n g  of r o o f i n g  waste a s  f i l l e r  f o r  new s h i n g l e s  
a p p e a r s  s u i t e d  o n l y  f o r  f a c t o r y  sc rap .  Job-s i  t e  r o o f i n g  
w a s t e  would be expec ted  t o  c o n s i s t  l a r g e l y  of f e l t  base  
s h i n g l e s  f o r  t h e  nex t  decade o r  so. There i s  t h e  
p o s s i b i l i t y  of some a s b e s t o s  and c o a l  t a r  i n  f i e l d  was te ;  
n e i t h e r  of t h e s e  m a t e r i a l s  i s  compat ib le  w i t h  new s h i n g l e  
p roduc t ion .  The e f f e c t s  t h a t  a g i n g  and w e a t h e r i n g  of t h e  
was te  r o o f i n g  m a t e r i a l s  might  have  on f i l l e d  c o a t i n g  q u a l i t y  
a r e  l a r g e l y  unknown and probably  r e p r e s e n t  unaccep tab le  
r i s k .  

Fac to ry  s c r a p ,  on t h e  o t h e r  hand, is  of known o r  
i d e n t i f i a b l e  composi t ion ,  and would r e q u i r e  minimum 
p r e p a r a t i o n .  I n  t h e  c a s e  of s c r a p  t a b s  ( a  l a r g e  p r o p o r t i o n  
of s h i n g l e  p r o d u c t i o n  waste), t h e  m a t e r i a l  i s  a v a i l a b l e  i n  
a n  advan tageous ly  reduced s i z e .  The f a c t o r y  s c r a p  i s  
unweathered ( r e l a t i v e l y  f r e s h )  and c o l l e c t i b l e  a s  c l e a n  
m a t e r i a l .  F i n a l l y ,  t h e  q u a n t i t i e s  a v a i l a b l e  a t  t h e  f a c t o r y  
a r e  compat ib le  w i t h  a  c o n s e r v a t i v e  r e c y c l e d  m a t e r i a l  
a d d i t i o n .  A f i v e  p e r c e n t  p r o d u c t i o n  s c r a p  r a t e  p r o v i d e s  a n  
e q u i v a l e n t  10 pounds per  s q u a r e  of m a t e r i a l  s u b s t i t u t i o n  o r  
a t  l e a s t  10 p e r c e n t  of t h e  f i l l e d  c o a t i n g  requi rements .  An 
a c c e p t a b l e  f i l l e d  c o a t i n g  m i x t u r e  f o r  new s h i n g l e s  might 
c o n s i s t  of 10 p e r c e n t  r e c y c l e d  s h i n g l e s ,  45 p e r c e n t  v i r g i n  
c o a t i n g ,  and 45 p e r c e n t  v i r g i n  f i l l e r  m a t e r i a l .  



F i g u r e  5  .8 i n d i c a t e s  t h e  method and equipment f o r  
i n c o r p o r a t i n g  r e c y c l e d  f a c t o r y  s c r a p  i n t o  p r o d u c t i o n  f i l l e d  
c o a t i n g s .  A r e c y c l i n g  r a t e  of one t o n  p e r  hour has  been 
assumed w i t h  t h e  r e c y c l e d  m a t e r i a l  s u b s t i t u t i n g  f o r  10 
p e r c e n t  of t h e  f i l l e d  coa t ing .  I t  i s  a n t i c i p a t e d  t h a t  t h e  
f a c t o r y  s c r a p  would have t o  be reduced by chopping and 
c r u s h i n g  t o  no g r e a t e r  t h a n  1/4-inch s i z e .  The p repared  
m a t e r i a l  would be t r a n s f e r r e d  t o  s t o r a g e  f o r  subsequen t  
h e a t i n g  and d e l i v e r y  t o  a n  e x i s t i n g  f i l l e d  c o a t i n g  mixer .  
V i r t u a l l y  100 p e r c e n t  of t h e  r o o f i n g  w a s t e  f e e d s t o c k  i s  
recycled .  

The c a p i t a l  and o p e r a t i n g  c o s t s  f o r  t h e  a d d i t i o n a l  
r e q u i p e n t  needed t o  u t i l i z e  t h e  f a c t o r y  s c r a p  i n  t h i s  r e u s e  
concept  a t  a  c a p a c i t y  of one ton/hour ,  6000 hours /year  (6000 
TPY) a r e :  

C a p i t a l  Cost:  $200,000 
$33.33/annual t o n  

Opera t ing  Cost:  $35,00O/yr 
$5.83/ton 

Recovery: 70,000 ~ ~ ~ t u / y r  
$O.SO/MMBtu. 

5.9 - Develop Paving nixes Containing Roofing Scrap 

The l a r g e s t  s i n g l e  use  consumption of a s p h a l t  i s  f o r  
bi tuminous paving m a t e r i a l .  The " b l a c k t o p n  o r  "aspha1 t 
pavingn c o n s i s t s  of 5-10 p e r c e n t  a s p h a l t  p l u s  rock a g g r e g a t e  
and f i l l e r  m a t e r i a l .  Bituminous paving consumes between 
18,000,000 and 26,000,000 t o n s  a s p h a l t  a n n u a l l y  i n  t h e  
United S t a t e s .  ( 1 0 )  Problems w i t h  c o s t  and a v a i l a b i l i t y  of 
a s p h a l t  over  t h e  l a s t  decade prompted a  number of a s p h a l t  
paving c o r ~ s e r v a t i o n  developments  i n c l u d i n g  pavement 
r e c y c l i n g  and s u b s t i t u t i o n  of e x t e n d e r s  such  a s  rubber  from 
s c r a p  t i res .  

The p roduc t ion  of r o o f i n g  m a t e r i a l  i s  t h e  second l a r g e s t  use 
of a s p h a l t  i n  t h e  Uni ted  S t a t e s .  I t  h a s  been e s t i m a t e d  i n  
t h e  p r e s e n t  s t u d y  t h a t  Uni ted  S t a t e s  a s p h a l t  r o o f i n g  p roduc t  
w a s t e  i n c l u d e s  a b o u t  2,100,000 t o n s  a s p h a l t  a n n u a l l y ,  o r  
about  one- tenth  of a l l  paving a s p h a l t  requi rements .  
T h e o r e t i c a l l y ,  paving mixes might  accommodate a l l  t h e  
n a t i o n ' s  r o o f i n g  waste.  



EXISTING ASPHALT SYSTEM 
9000 U/HR. EW STORAG 

t 

I 1 9000 WHR 1 J 
EXISTING NEW HEATER 

F I LLER HEATER FOR CRUSHM) 
EXlSTlNG FILLED ROOFING SCRAP 

, TOTAL MlXTCRE 20,000 #/HI? 

FACTORY SCRAP 

SEPARATOR 

USE OF FACTORY ROOFING WASTE AS A FILLER 
J N MANtJFRCTURING NFW SHINGI F3 

FIGURE 5.8 



Aspha l t  paving composi t ions  c o n t a i n i n g  s h i n g l e  s c r a p  have 
been produced and a p p l i e d  by Tri-County Aspha l t ,  a New 
J e r s e y  paving c o n t r a c t o r ,  a c c o r d i n g  t o  U. S. P a t e n t  No. 
4,325 ;641-.. The p a t e n t  i s  o r i e n t e d  toward a means' f o r  
pr .ocessing t h e  s h i n g l e  s c r a p ,  n o t  toward t h e  use of s c r a p  i n  
paving per  se, nor  toward any s p e c i f i c  composi t ions .  
According t o  i n t e r v i e w s  w i t h  Tri-County Aspha l t  and one 
r o o f i n g  manufac tu re r  who s u p p l i e d  w a s t e  r o o f i n g ,  on ly  c l e a n  
f a c t o r y  g l a s s  f i b e r  base  s h i n g l e  s c r a p ,  s p e c i f i c a l l y  t h e  
t a b s  o r  c u t  o u t  p i e c e s  ( abou t  1 / 4  x 5 x 0.015 inches ' )  from 
s h i n g l e  p roduc t ,  have been used s u c c e s s f  u l l y .  J o b - s i t e  
w a s t e  h a s  n o t  been c o n s i d e r e d  because of t h e  i n c l u s i o n  of 
n a i l s  and o t h e r  non-shingle m a t e r i a l  and t h e  l a c k  of 
p r o c e s s i n g  equipment f o r  chopping up l a r g e  p i e c e s  of sc rap .  
The paving mix c o n t a i n s  abou t  1 p e r c e n t  by weight  of s h i n g l e  
t a b s .  

I n  o r d e r  t o  make t r u l y  s i g n i f i c a n t  u t i l i z a t i o n  of t h e  
r o o f i n g  w a s t e  r e source ,  t h e  r e u s e  concep t  must accommodate 
job-s i  t e  o r  f i e l d  s c r a p c o n t a i n i n g  n a i l s ,  a s s o r t e d  
d e m o l i t i o n  t r a s h ,  and pe rhaps  a s b e s t o s  and c o a l  t a r  r o o f i n g  
m a t e r i a l  i n g r e d i e n t s .  If i s  assumed t h a t  demo1 i t i o n  d e b r i s  
can be a d e q u a t e l y  removed i n  p reprocess ing .  Na i l  removal 
shou ld  be a d e q u a t e l y  accompl i s h e d  by magnetic  s e p a r a t i o n  
f o l l o w i n g  hammermilling o r  o t h e r  s i z e  r educ t ion .  The degree  
t o  which t h e  r o o f i n g  s c r a p  must be p u r i f i e d  of n a i l s  w i l l  
depend on paving a p p l i c a t i o n .  A s u r f a c e  c o u r s e  would 
probably  have t o  be a b s o l u t e l y  n a i l - f r e e .  However, n a i l s  
cou ld  l i k e l y  be t o l e r a t e d  i n  t h e  base  c o u r s e  of paved a r e a s .  
A .pure  s u r f  ace  c o u r s e  would e f f e c t i v e l y  s e a l  base  c o u r s e  
n a i l s  from m o i s t u r e  and t r a f f i c .  

Asbes tos  r e p r e s e n t s  o n l y  a smal l  p o r t i o n  of r o o f i n g  s c r a p  
and would remain i n  t h e  bound s t a t e  a t  t e m p e r a t u r e s  of 
a s p h a l t  h e a t i n g  and a p p l i c a t i o n ;  t h e  a s b e s t o s  would n o t  be 
s u b j e c t  t o  t h e  EPA P a r t  61 of T i t l e  40, Code of Federa l  
Regu la t ions ,  t h e  Na t iona l  Emission S t a n d a r d s  f o r  Hazardous 
A i r  P o l l u t a n t s ,  and shou ld  p r e s e n t  no problem i n  paving 
mix. The p resence  of c o a l  t a r ,  even i n  s m a l l  q u a n t i t i e s ,  
p r e s e n t s  a p o t e n t i a l  problem. Coal t a r  i s  n o t  o r d i n a ' r i l y  
compat ib le  w i t h  a s p h a l t  and it might  be necessa ry  t o  perform 
s imple  chemical  t e s t s  and r e j e c t  t o  l a n d f  ill any b a t c h e s  of 
r o o f i n g  w a s t e  w i t h  c o a l  t a r  components. However, t h e  d e g r e e  
of i n c o m p a t i b i l i t y  of y e a t h e r e d  c o a l  t a r  p r o d u c t s  from 
re roof  i n g  i s  n o t  known; t h e r e  i s  a r eason  t o  b e l i e v e  t h a t  
t h e  a g i n g  and envi ronmenta l  f a c t o r s  a l t e r  t h e  
c h a r . a c t e r i s t i c s  of c o a l '  t a r .  F u r t h e r  r e s e a r c h  on t h i s  i t e m  
may be warranted .  



For purposes  of p r o c e s s  e v a l u a t i o n ,  a  r a t i o  of 1 p a r t  
r o o f i n g  a s p h a l t  t o  10 p a r t s  paving a s p h a l t  h a s  been 
assumed. With paving mix and a s p h a l t  r o o f i n g  assumed t o  
c o n t a i n  r e s p e c t i v e l y  7  p e r c e n t  and 37 p e r c e n t  a s p h a l t ,  t h e  
we igh t  of t o t a l  r o o f i n g  w a s t e  i n  t h e  new paving m i x t u r e  
would b e  1.9 pe rcen t .  F i g u r e  5.9 p r e s e n t s  t h e  equipment and 
f low f o r  u t i l i z i n g  c l e a n  f a c t o r y  s c r a p  i n  a s p h a l t  r e c y c l i n g  
o p e r a t i o n s .  Two c a s e s .  a r e  p resen ted .  I n  one case ,  s h i n g l e  
t a b s  ( o n l y )  a r e  d e l i v e r e d  d i r e c t l y  t o  a  hopper-fed 
s h r e d d e r / c r u s h e r  mounted d i r e c t l y  on a  r e s u r f a c i n g  machine 
f o r  s i z e  r e d u c t i o n  t o  1/4inch.  No a t - f a c t o r y  p r e p a r a t i o n  of 
t h e  waste i s  involved.  I n  t h e  o t h e r  c a s e ,  mixed c l e a n  
f a c t o r y  s c r a p  i s  p r e p a r e d  and comminuted t o  P/4-inch s i z e  a t  
t h e  f a c t o r y  f o r  d e l i v e r y  a s  a p roduc t  t o  t h e  paving 
customer. A small in-house p r e p a r a t i o n  e f f o r t  c o u l d  supp ly  
s c r a p  p r o d u c t  f o r  s e v e r a l  such paving o p e r a t i o n s  even i f  
t h e y  were cont inuous .  

F i g u r e  5.10 i n d i c a t e s  p r o c e s s e s  and equipment f o r  
p r e p a r a t i o n  of  j o b - s i t e  r o o f i n g  w a s t e  a t  some l o c a t i o n  
conven ien t  t o  e x i s t i n g  h o t  mix o p e r a t i o n s .  The p roduc t  of 
t h e  p r o c e s s e d  s c r a p  is  a  1/4-inch a d d i t i o n  ready f o r  
d e l i v e r y  t o ,  and mixing a t ,  t h e  h o t  mix s i t e .  I n  both  t h e  
example p r o c e s s e s ,  t h e  energy r e s o u r c e  r e p r e s e n t e d  by t h e  
a s p h a l t  c o n t a i n e d  i n  t h e  r o o f i n g  w a s t e  is recovered  f o r  
r e u s e  a t  v e r y  n e a r l y  100 pe rcen t .  

Estimates of  c a p i t a l  and o p e r a t i n g  c o s t s  f o r  t h e  i n d i c a t e d  
p r e p a r a t i o n  of f a c t o r y  and f i e l d  s c r a p  normal ized  t o  4000 
l b / h r  r o o f i n g  was te ,  6000 hr /yr  (12,000 TPY) a r e :  

Factory Scrap Job Si te  
Tabs O n l y  Mixed Scrap Roofing Waste 

Capi t a 1  
Cost:  $115,000 $250,000 + $650,000 

$9.58/annual $20.83/annual $54.1.7/annual 
t o n  t o n  

Opera t ing  
Cost:  $ 32,00O/yr $160,00O/yr 

$2.67/ 
$235,000 

t o n  on $19.58/ L o n  

Recovery : 
151,000 MMBtu/yr 1 5 1 , 0 0 O / ~ ~ ~ t u / y r  151,000 M ~ ~ t u / y r  
$O.21/MMBtu $l.O6/MMBtu $1.56/MMBtu 
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5-10 - Develop New Products nade from Roofing Scrap 

Roofing s c r a p  h a s  been t h e  s u b j e c t  of . p r o d u c t  development 
e f f o r t s  f o r  decades.  The concep t  i s  t o  recover  r o o f i n g  
was te  s o  a s  t o  u t i l i z e  t h e  s u b s t a n c e  a s  raw m a t e r i a l  f o r  a  
new product .  Roofing manufac tu re r s  and o t h e r  f  irms have 
devoted  c o n s i d e r a b l e  t ime  and expense  i n  e f f o r t s  t o  c o n v e r t  
f a c t o r y  waste  t o  a  v a l u a b l e  by product .  T h e i r  commercial 
s u c c e s s e s  have been v e r y  l i m i t e d .  I n t e r v i e w s  conducted a s  
p a r t  of t h i s  s t u d y  confirmed t h a t  r e s e a r c h  and development 
i s  s t i l l  underway a t  s e v e r a l  manufac tu re r s ,  i n d i c a t i n g  
con t inued  i n t e r e s t  i n  a  prof i t a b l e  a l t e r n a t i v e  t o  l a n d f i l l  
d i s p o s a l  of f a c t o r y  s c r a p .  None of t h e  i n t e r v i e w s  i n d i c a t e d  
any e f f o r t s  t o  f i n d  o r  deve lop  u s e s  f o r  j o b - s i t e  r o o f i n g  
waste.  

I n  a  p rev ious  s e c t i o n ,  t h e  c o l l e c t i o n  and p r o c e s s i n g  of 
a s p h a l t  r o o f i n g  was te  t o  p rov ide  a n  e x t e n d e r  f o r  commercial 
paving mixes was examined. Some o t h e r  p roduc t  uses ,  bo th  
c u r r e n t  and h i s t o r i c a l ,  a r e  d i s c u s s e d  below. 

I n d u s t r i a l  f l o o r i n g  p l a n k s  o r  b locks  have  been produced 
of a  b i tuminous  composi t ion  c o n t a i n i n g  r o o f i n g  s c r a p  mixed 
w i t h  o t h e r  i n g r e d i e n t s  such a s  a s p h a l t  and f i l l e r s  i n  
p r o p r i e t a r y  r e c i p e s .  The m a s t i c a t e d  m i x t u r e  i s  r o l l e d  o r  
e x t r u d e d  t o  i t s  f i n a l  t h i c k n e s s ,  which may range from one- 
h a l f  i n c h  t o  one and one-half i n c h e s ,  and i s  t h e n  c u t  t o  
t h e  d e s i r e d  l e n g t h  and wid th  dimensions.  P roduc t s  made i n  
t h i s  manner were  fo rmer ly  s p e c i f i e d  f o r  f l o o r i n g  i n  U . S .  
Pos t  Off i c e s .  Manufacturers  of t h e  p lanks  r e p o r t e d  t h a t  
t h i s  market  h a s  g r e a t l y  d iminished.  Some p l a n k s  o r  b l o c k s  
a r e  s o l d  f o r  use  a s  roof walkway t i l e s  and some a s  b r i d g e  
deck under lay  t i l es .  I n t e r v i e w s  w i t h  manufac tu re r s  
i n d i c a t e d  t h a t  t h e r e  was l i t t l e  o p p o r t u n i t y  f o r  i n c r e a s i n g  
t h e  use  of r o o f i n g  s c r a p  i n  t h e s e  t y p e s  o f  p roduc t s  
p r i m a r i l y  because of a  r e c e n t  government e d i c t  t h a t  t h e s e  
f l o o r i n g  p r o d u c t s  no l o n g e r  be used  i n  c e r t a i n  s i z e s  of 
p o s t  o f f  ices. 

A c u r r e n t ,  c o n t i n u i n g  use  f o r  f a c t o r y  r o o f i n g  s c r a p  
i n v o l v e s  t h e  i n c o r p o r a t i o n  i n  a s p h a l t  expans ion  j o i n t  
m a t e r i a l ,  a p r o t e c t i o n  board f u r  w a t e r p r o o f i n g ,  a  
p r o t e c t i o n  c o u r s e  f o r  r a i l r o a d  b r i d g e s  c a l l  VIBRAFLEX and 
a  roof t r a f f i c  pad c a l l e d  WHITE WALK. A l l  t h e s e  p r o d u c t s  
a r e  manufactured by W. R. Meadows, Inc.  Thei r  
r e p r e s e n t a t i v e  d e c l i n e d  t o  o f f e r  i n f o r m a t i o n  about t h e  
q u a n t i t y  of r o o f i n g  was te  used a n n u a l l y  i n  t h e  
manufactur ing  of t h e s e  f o u r  products .  The volume was 
d e s c r i b e d  on ly  a s  " s i g n i f i c a n t " .  Only c l e a n ,  f a c t o r y  



w a s t e  i s  used and t h e s e  items have been manufactured f o r  
a b o u t  50 y e a r s .  The o u t l o o k  f o r  i n c r e a s i n g  s a l e s  was 
d e s c r i b e d  a s  good. 

. A s c r a p  s h i n g l e  r e c l a i m i n g  p r o c e s s  was used by B i r d  and 
Son, Inc . ,  many y e a r s  ago. The manual p r o c e s s  invo lved  
d i p p i n g  a s c r a p ,  whole s h i n g l e  i n t o  a  b a t h  of a s p h a l t ;  
p l a c i n g  t h e  s h i n g l e  on a powdered mica covered  workbench; 
s p r i n k l i n g  c o l o r e d  g r a n u l e s  on t h e  h o t  a s p h a l t  s u r f a c e ;  
t h e n  embedding t h e  g r a n u l e s  i n t o  t h e  a s p h a l t  w i t h  a  wooden 
r o l l i n g  p in .  T h i s  p r o c e s s  was d i s c o n t i n u e d  i n  t h e  e a r l y  
1950 's .  

- Research a t  B i r d  and Son i n  t h e  1940's developed a 
p r o c e s s  f o r  s e p a r a t i n g  f a c t o r y  s h i n g l e  s c r a p  l n t o  i t s  
o r i g i n a l  c o n s t i t u e n t s  by a p r o c e s s  i n v o l v i n g  
hammermilling, v i o l e n t  arji..kat.i.on i n  water, f l o t a t i o n  and 
drying.  T h i s  p r o c e s s  produced no commercial products .  
Rag f i b e r s  used i n  t h e  p r o d u c t i o n  of t h e  b a s e  f e l t  were 
recovered  i n  a  c l e a n ,  f l u f f y  s t a t e .  These d i d  make a n  - 
a c c e p t a b l e  s t u f f i n g  f o r  d o l l s ,  b u t  t h e  s i z e  of t h e  market  
d i d  n o t  j u o t i f y  a o o m m e ~ i s a l  i n s t a l l a t i o n .  The 
hammermilled s h i n g l e s  were used a s  a  molding compound t o  
produce p a p e r m i l l  r o l l  end p lugs .  However, t h e s e  were n o t  
c o s t  c o m p e t i t i v e  w i t h  wooden p l u g s  i n  use  a t  t h a t  time. 

. S h i n g l e  s c r a p ,  and on ly  t h e  smal l  cut -out  p i e c e s ,  has  
been used a s  a r e s i d e n t i a l  driveway s u r f a c i n g  m a t e r i a l .  
T h i s  h a s  been a non-commercial use. Such driveways may be 
seen  i n  many p a r t s  of t h e  coun t ry  c l o s e  t o  r o o f i n g  
f a c t o r i e s .  These dr iveways  have probably  been s u r f a c e d  by 
r o o f i n g  f a c t o r y  employees who make good use  of a f r e e  
m a t e r i a l .  I t  i s  obse rved  t h a t  such driveways a r e  h i g h l y  
s e r v i c e a b l e .  However, t e x t u r e  of t h e  driveway i s  
unconvent ional  and t h e  c o l o r  of t h e  driveway i s  v a r i e g a t e d  
a c c o r d i n g  t o  t h e  c o l o r s  of t h e  s h i n g l e  s c r a p  and whether  
each p i e c e  f a l l s  c o l o r e d  s i d e  up o r  b lack  s i d e  up. 

I n  o r d e r  t o  be of n a t i o n a l  s i g n i f i c a n c e  i n  u t i l i z i n g  t h e  
r o o f i n g  w a s t e  r e s o u r c e ,  any new produc t  development must 
a d d r e s s  t h e  use  of j o b - s i t e  sc rap .  The l i m i t e d  s u c c e s s e s  
us ing  f a c t o r y  s c r a p  s u g g e s t  t h a t  t h e  p o t e n t i a l  f o r  expanding 
s i m i l a r  a p p l i c a t i o n s  t o  job-s i  t e  was te  shou ld  be s t u d i e d .  
A s  p r e v i o u s l y  d i s c u s s e d ,  f i e l d  s c r a p  i s  contaminated  w i t h  
n a i l s  and v e r y  l i k e l y  o t h e r  d e m o l i t i o n  d e b r i s .  The r o o f i n g  
m a t e r i a l  a f t e r  me ta l  and d e b r i s  removal is  of v a r y i n g  
composi t ion ,  p r i m a r i l y  f e l t  base  a s  opposed t o  modern 
f i b e r g l a s s  base ,  and may i n c l u d e  u n d e s i r a b l e  components such 
a s  c o a l  t a r  o r  a s b e s t o s .  Furthermore,  t h e  o l d  r o o f i n g  w i l l  



be weathered ,  probably b r i t t l e ,  and of  v a r i a b l e  and degraded 
q u a l i t y  r e l a t i v e  t o  new a s p h a l t  r o o f i n g  p h y s i c a l  and 
chemical  p r o p e r t i e s .  I d e a l l y ,  t h e  new produc t  a p p l i c a t i o n  
f o r  r o o f i n g  waste m a t e r i a l  would be such t h a t  composi t ion  
f a c t o r s  would n o t  be of primary s i g n i f i c a n c e .  

For purposes  of t h i s  s tudy ,  t h r e e  r e p r e s e n t a t i v e  new produc t  
a p p l i c a t i o n s  f o r  a s p h a l t  r o o f i n g  w a s t e  were  s e l e c t e d  f o r  
g e n e r a l  e v a l u a t i o n .  The a p p l i c a t i o n s  were chosen t o  r e f l e c t  
d i v e r s e  cus tomers  f o r  t h e  r o o f i n g  w a s t e  product .  

- A. L j a h t  Dutv S u r f a c i n g  - The i n c o r p o r a t i o n  of r o o f i n g  
was te  i n  bi tuminous commercial ( t r a f f i c  d u t y )  paving 
mixes was d i s c u s s e d  e a r l i e r ;  a  new mix r a t i o  of a  few 
p e r c e n t  a s p h a l t  r o o f i n g  s c r a p  w i t h  e x i s t i n g  paving 
composi t ions  would be expec ted  t o  have  l i t t l e  e f f e c t  on 
pavement q u a l i t y .  The use  of a s p h a l t  r o o f i n g  w a s t e  
a l o n e  i n  paving would be  r e l e g a t e d  t o  l i g h t  du ty ,  such  
a s  driveways,  p a t h s  o r  shed f l o o r i n g .  The t y p i c a l  
customer f o r  such  a  p roduc t  would be  t h e  homeowner. 
Widespread marke t ing  of t h e  p roduc t  f o r  such 
a p p l i c a t i o n s  would s u g g e s t  d i s t r i b u t i o n  and r e t a i l  s a l e  
through hardware s t o r e s ,  lumber y a r d s ,  home improvement 
c e n t e r s ,  e t c .  The m a t e r i a l  cou ld  be provided i n  a  
conven ien t  package such a s  a  50-pound bag. 

To be s u c c e s s f u l l y  marketed t h e  p r o d u c t  must compete 
w i t h  o t h e r  s u r f a c i n g  m a t e r i a l s .  For example, ready mix 
c o n c r e t e  f o r  s u r f a c i n g  a n  a r e a  8  x  20 f t .  ( a  driveway 
pe rhaps )  f o r  a  s t r e n g t h  of 3000 - 4000 p s i  ( 2  t o  3  inch  
dep th )  would c o s t  abou t  $80 d e l i v e r e d .  A r o o f i n g  w a s t e  
p roduc t  c o v e r i n g  o n l y  one i n c h  t h i c k  would r e q u i r e  some 
29,  50-pound bags of m a t e r i a l .  Even i f  t h e  w a s t e  
product  cover ing  p r o p e r t i e s  were  e q u i v a l e n t ,  t h e  p roduc t  
would have t o  r e t a i l  f o r  s u b s t a n t i a l l y  l e s s  t h a n  
5.5 centa/pound. 

While no a t t e m p t  h a s  been made t o  p rov ide  a  commercial 
market  d i s t r i b u t i o n  p l a n ,  i t  has  been assumed t h a t  
product  marke t ing  would invo.lve a  d i s t r i b u t o r  and 
r e t a i l e r .  Table  5 .1  p r e s e n t s  e a r n i n g s  s t a t e m e n t s  f o r  
t h e  r e t a i l e r ,  d i s t r i b u t o r  and manufac tu re r  based on t h e  
f 011 owing  assumption^ 1 

I 
' . Distributors and r e t a i l e r s  l a b o r  and overhead 

a v e r a g e s  20 p e r c e n t  of t h e i r  purchase  p r i c e  

. A l l  t h r e e  e n t i t i e s  pay a  49 p e r c e n t  of n e t  p r o f i t  
t a x  r a t e  



Manufacturing c o s t s  average 6 5  percen t  of s e l l i n g  
p r i c e .  (This  i s  considered t o  be a very o p t i m i s t i c  
assumption. ) 

. A l l  p a r t i e s  w i l l  accep t  a 10 percen t  ne t  p r o f i t  
r a t i o  a f t e r  t axes ,  

The r e s u l t i n g  p r i c i n g  of "driveway mixn i n d i c a t e s  a  maximum 
product ion c o s t  of $0.63 per  50-pound bag, o r  1.3 c e n t s  per  
pound, which must cover t h e  producers c o s t  o f :  

. Cons t ruc t ing  and equipping the resource  recovery plant 
Acquiring roof ing  s c r a p  
Buying bage . F i l l i n g  and warehousing bags 
A l l  l a b o r  and overhead 
Order handl ing,  sh ipp ing  and b i l l i n g .  



Table 5.1 

Pricing of 50-pound Bag Roofing Scrap Driveway nix 

Retail Outlet Earnings Statement 

S e l l i n g  p r i c e  
L e s s  purchase  c o s t  from d i s t r i b u t o r  
R e t a i l  g r o s s  p r o f i t  
Less  l a b o r  and overhead a t  20 p e r c e n t  
N e t  p r o f i t  
L e s s  income t a x  a t  49  p e r c e n t  
Net e a r n i n g s  
P e r c e n t  n e t  e a r n i n g s  on s a l e s  

Distributor Earnings Statement 

S e l l i n g  p r i c e  
L e s s  purchase  c o s t  from manufacturer  
Wholesale g r o s s  p r o f i t  
~ e s s  s h i p p i n g  c o s t  f o r  20 miles 
L e s s  l a b o r  and overhead a t  20 p e r c e n t  
N e t  p rof  i t  
Less income t a x  a t  49 p e r c e n t  
N e t  e a r n i n g s  
Percen t  n e t  e a r n i n g s  on s a l e s  

Manufacturers Earnings'statement 

' S e l l i n g  p r i c e  
Less. f a c t o r y  c o s t  
Gross  p r o f i t  
Less s h i p p i n g  c o s t  f o r  20 miles 
Net p r o f i t  
Less income t a x  a t  4 9  p e r c e n t  
N e t  e a r n i n g s  ' 

P e r c e n t  n e t  e a r n i n g s  on s a l e s  



I t  is d i f f i c u l t  t o  say  whether  o r  n o t - s u c h  a  p roduc t  would 
'have s i g n i f i c a n t  demand a t  5 c e n t s  p e r  pound f o r  a  one-inch 
s u r f a c e .  I f  t h e  consumer pe rce ived  t h a t  a n  equal  t h i c k n e s s  
compared t o  c o n c r e t e  ( 2  o r  3 i n c h e s )  was needed, t h e  maximum 
c o m p e t i t i v e  p r i c e  of t h e  r o o f i n g  waste s u r f a c i n g  m a t e r i a l  
would be reduced p r o p o r t i o n a l l y ,  e l i m i n a t i n g  t h e  p o s s i b i l i t y  
of prof  i t a b l e  p roduc t ion ,  

B. Moldina Com~ound - Research i n  t h e  1 9 4 0 ' s  
s u c c e s s f u l l y  developed a  s h i n g l e  s c r a p  molding 
compound. T h i s  t e c h n i c a l  s u c c e s s  was a  commercial 
f a i l u r e  f o r  a t  l e a s t  two reasons .  

1. The sponsor  a p p a r e n t l y  sough t  o n l y  in-hotlse uses f o r  t h e  
m a t e r i a l  and d i d  n o t  pursue  any p o t e n t i a l  s a l e s  o u t l e t s .  

2 .  Tlie ilesiyiiatcd end use, paper m i l l  r o l l - cnd  p l u g s ,  was 
s a t i s f i e d  a t  lower c o s t  by wooden end plugs.  

T h i s  n e a r  40 y e a r  o l d  v e n t u r e  demonst ra ted  t h a t  r o o f i n g  
was te  can  be p rocessed  t o  make a  f lowable ,  h a n d l e a b l e  l a r g e  
g r a n u l a r  m a t e r i a l  which can  be molded a t  modest h e a t  and 
p r e s s u r e  t o  make r a t h e r  rugged, s e r v i c e a b l e  a r t i c l e s .  
Use- l imi t ing  q u a l i t i e s  of  such an  a r t i c l e  would i n c l u d e  t h e  
fo l lowing .  

The o n l y  a v a i l a b l e  c o l o r  i s  black 

The compound b i n d e r  i s  t h e r m o p l a s t i c  and would have a 
l i m i t e d  s e r v i c e  t e m p e r a t u r e  range 

. I t  i s  l i k e l y  t h a t  t h e  molded a r t i c l e  would t r a n s f e r  
b lack  s t a i n  t o  a n y t h i n g  i t  c o n t a c t e d  

. The molding compound would be  q u i t e  a b r a s i v e  u n l e s s  rock 
g r a n u l e s  and a g g r e g a t e  were removed. 

I t  was n o t  w i t h i n  t h e  scope  of t h i s  s t u d y  t o  i d e n t i f y  
s p e c i f i c  f i n a l  p r o d u c t s  which cou ld  be molded from s c r a p  and 
t h e n  s o l d  a t  a  p r o f i t .  A few s u g g e s t i o n s  were  e l i c i t e d  
i n c l  udi  ng : 

L i g h t  du ty  p a l l e t  . Preformed, driveway c u r b i n g  
L i g h t  du ty  paving b l o c k s  
Mois ture  r e s i s t a n t  c o n t a i n e r s  



The customer f o r  t h e  r o o f i n g  was te  compound would be t h e  
manufac tu re r s  of such s p e c i a l t y  p roduc t s .  

The p r o c e s s  t o  p r e p a r e .  t h e  molding compound from f a c t o r y  
r o o f i n g  s c r a p  would i n v o l v e ' t h e  f o l l o w i n g  s t e p s :  

. S e g r e g a t e  each r o o f i n g  p roduc t  by t y p e  I 

. Hammermill o r  o t h e r w i s e  reduce t h e  s c r a p  t o  s u i t a b l e  
s i z e  p i e c e s .  Note t h a t  t h e  s c r a p  f e e d  p i e c e s  w i l l  v a r y  i n  
s i z e  from 1/4 inch by 5  i n c h e s  by 0.15 inch s h i n g l e  t a b s  
t o  6 i n c h e s  i n  d iamete r  by 3  f e e t  l o n g  r o l l s  

. Screen t h e  m i l l e d  p i e c e s  t o  remove d i s l o d g e d  g r a n u l e s  
and c l a s s i f y  by t h e  s i z e  of t h e  p roduc t  

. Recycle o v e r s i z e  p i e c e s  t o  t h e  hammermill 

. Blend t h e  m i l l e d  r o o f i n g  p r o d u c t s  t o  a c h i e v e  t h e  d e s i r e d  
molding compound p roper  ties.. 

Use of f i e l d  s c r a p  would r e q u i r e  a t  l e a s t  two added s t e p s :  

. Hand s o r t  t h e  s c r a p  t o  remove t r a s h  such a s  wood, s h e e t  
me ta l  and i n s u l a t i o n  

. Magnetic s e p a r a t i o n  of n a i l s  from t h e  m i l l e d  s c r a p .  

Molding compound must be uniform i n  composi t ion  t o  a s s u r e  a  
c o n t r o l l a b l e  p r o c e s s  and uniform f i n i s h e d  p roduc t  
p r o p e r t i e s .  Uniformity of composi t ion  w i l l  be d i f f i c u l t ,  
perhaps  even imposs ib le ,  t o  a c h i e v e  when d e a l i n g  w i t h  f i e l d  
s c r a p .  Product  i d e n t i f i c a t i o n  tests ,  s e g r e g a t i o n  and 
b lend ing  would l i k e l y  he a n e c e s s i t y .  

The market  f o r  b lack  ( o n l y )  t h e r m o p l a s t i c  molding compound 
i s  judged t o  be smal l .  Cur ren t  demand i s  f i l l e d  by a  number 
of r e l a t i v e l y  i n e x p e n s i v e  modern p l a s t i c s ;  t h e  on ly  
i n c e n t i v e  t o  u t i l i z e  the r o o f i n g  w a s t e  p roduc t  as a 
s u b s t i t u t e  would be a  t remendously reduced raw m a t e r i a l  
c o s t .  For example, c o l o r e d ,  t h e r m o p l a s t i c ,  " u t i l i t y n  g rade  
molding compounds of p o l y e t h y l e n e  o r  p o l y s t y r e n e  may se l l  
f o r  - 3 5  c e n t s  - .45 c e n t s  p e r  pound. These a r e  "eng inee redn  
p l a s t i c s  whose c o l o r  and p r o p e r t i e s  a r e  d u p l i c a t e d  from 
b a t c h  t o  batch.  The p l a s t i c s  a r e  non-s ta in ing;  i . e . ,  
r o o f i n g  w a s t e  i s  no t ,  Roofing w a s t e  i s  a l s o  q u i t e  a b r a s i v e  
t o  molds comparable t o  commercial molding compounds. 



d e r  f o r  D e u e d  Refuse ~ e r i v e d  F u e l  . . - - Roofing 
w a s t e  combined w i t h  r e f u s e  d e r i v e d  f u e l  (RDF) may o f f e r  
a  low c o s t  f u e l  p r o d u c t  which would enhance t h e  u t i l i t y  
of bo th  r o o f i n g  and munic ipa l  waste.  The p roduc t  
c o n c e p t  would be a  f u e l  b r i q u e t  o r  rod i n  which t h e  
a s p h a l t  i n  r o o f i n g  w a s t e  s e r v e s  a s  a  b inder  f o r  t h e  
o t h e r  i n g r e d i e n t s .  The p roduc t  would be a  s t a b l e ,  
s h i p p a b l e ,  r e l a t i v e l y  d r y  f u e l  of h igher  Btu v a l u e .  t h a n  
much RDF o r  d e n s i f  i e d  RDF. The q u a n t i t y  of a s p h a l t  
r e q u i r e d  t o  b ind  such a  p roduc t  would be about  10  
p e r c e n t  by weight.  (11) Thus, about  540 pounds of 
xoof ing  waste might  be combined w i t h  a b o u t  1 ,460 pounds 
o f  RDF t o  produce one t o n  o f .  d e n s i f i e d  RDF. 

The p r o c e s s  e n v i s i o n e d  h e r e  would i n v o l v e  m i l l i n g  
r o o f i n g  w a s t e  t o  a p a r t i c l e  s i z e  t o  be determined.  
S c r e e n i n g  might  be used t o  s e p a r a t e  m i n e r a l  a g g r e g a t e  
and r o c k s  which c o u l d  be l a n d f  i l l e d .  The r o o f i n g  w a s t e  
p a r t i c l e s  would t h e n  be blended w i t h  RDF t o  produce a n  
e x t r u d i n g  compound. Convent ional  b r i q u e t t i n g  molds o r '  
s i n g l e  screw e x t r u d e r s  would p r o c e s s  t h e  b lended waste.  

The customer f o r  t h e  p roduc t  i n  t h i s  a p p l i c a t i o n  i s  t h e  
p u b l i c  o r  p r i v a t e  e n t i t y  engaged i n  r e s o u r c e  . recovery  
from munic ipa l  s o l i d  waste.  T h i s  same e n t i t y  would most 
l i k e l y  be  t h e  r o o f i n g  was te  p r o c e s s o r  and a d d i t i v e  
producer .  S ince  .RDF f a c i l i t i e s  a r e  c l a s s i c a l l y  l o c a t e d  
and o p e r a t e d  i n  c o n j u n c t i o n  w i t h  munic ipa l  s o l i d  was te  
l a n d f  i l l i n g ,  a  c o l l e c t i o n  system f o r  r o o f i n g  w a s t e  would 
i n v o l v e  on ly  i t s  s e g r e g a t i o n  upon a r r i v a l  a t  t h e  
l a n d f  iifl. 

T h i s  r o o f i n g  w a s t e  p roduc t  a p p l i c a t i o n  was n o t  i n c l u d e d  
i n  t h e  o r i g i n a l  p r o j e c t  p l a n  and a c t u a l l y  grew o u t  of 
c o n t a c t s  made d u r i n g  t h e  l a t t e r  p a r t  of t h i s  s tudy.  The 
p o t e n t i a l  v i a b i l i t y  of t h i s  r e u s e  concep t  r e q u i r e s  much 
a d d i t i o n a l  e v a l u a t i o n  i n  c o n j u n c t i o n  w i t h  munic ipal  
s o l i d  waste r e s o u r c e  recovery  r e s e a r c h e r s .  

Each of t h e  above new .p roduc t  r e u s e  a p p l i c a t i o n s  f o r  r o o f i n g  
was te  d e r i v e  from c o l l e c t i n g  and p r o c e s s i n g  a s p h a l t  r o o f i n g  
s c r a p  t o  a  form nominal ly t h e  same a s  t h a t  p repared  f o r  
a d d i t i o n  t o  commercial paving mix, d i s c u s s e d  i n  a  p r e v i o u s  
s e c t i o n .  For comparison purposes ,  it i s  assumed t h a t  
c a p i t a l  and o p e r a t i n g  c o s t s ,  and recovery  p o t e n t i a l ,  a r e  t h e  
same a s  e s t i m a t e d  f o r  paving mix a d d i t i o n .  



6 - 0  - COHPARISO~ AND SELBCTIOIQ OF BWSE ALTERNATIVES 

Ten c a n d i d a t e  c o n c e p t s  f o r  r e u s i n g  a s p h a l t  r o o f i n g  waste 
have been s t u d i e d .  A comparison of t h e s e  r e u s e  a l t e r n a t i v e s  
shou ld  i n c l u d e  t h e i r  r e l a t i v e  t e c h n i c a l  v i a b i l i t y ,  c o s t  
e f f e c t i v e n e s s ,  l i k e 1  ihood of  commercial imp1 ementa t ion ,  and 
energy recovery  impact.  Eva1 u a t i n g  and weighing t h e  
r e l a t i v e  impor tance  of t h e s e  f a c t o r s  i s  n e c e s s a r i l y  
judgemental ,  p a r t i c u l a r l y  t h e  e x t e n t  t o  which t h e  U. S. 
r o o f i n g  w a s t e  energy resource  might  be recovered ,  

I-nformation p r e s e n t e d  i n  d i s c u s s i o n  of t h e  r e u s e  c o n c e p t s  
r e l e v a n t  t o  ' t he  f o u r  comparison f a c t o r s  i s  summarized i n  
Tab le  6.1 The a t t e m p t  h a s  been made t o  p u t  t h e  c o n c e p t s  on 
a  p a r i t y  b a s i s  a s  t o  u n i t  s i z e ;  i n  some c a s e s ,  t h i s  was n o t  
p o s s i b l e .  A b r i e f  s y n o p s i s  of t h e  judgemental r e s u l t s  f o r  
each of t h e  t e n  concep t s  fo l lows .  

6.1 - Burn Roofing Waste as Fuel - A s  a  f u e l  s u b s t i t u t e ,  
p r e p a r e d  a s p h a l t  r o o f i n g  w a s t e  cou ld  r e p l a c e  o i l  o r  
n a t u r a l  g a s  through c o n s t r u c t i o n  of a  new i n c i n e r a t o r  
o r  cou ld  p o s s i b l y  f u e l  a  r e t r o f i t t e d  c o a l  f i r e d  
system. Both j o b - s i t e  and f a c t o r y  s c r a p  cou ld  be 
u t i l i z e d ,  w i t h  t h e  r e s u l t i n g  h e a t  used t o  g e n e r a t e  
steam i n  e x i s t i n g  o r  new b o i l e r s .  Cons ide r ing  only  
t h e  h e a t  producing p o r t i o n  of t h e  system, e s t i m a t e d  
inves tment  c o s t s  a r e  moderate and o p e r a t i n g  c o s t s  a r e  
q u i t e  low. Energy recovery  c o s t  i s  w e l l  below t h e  
l e a s t  expens ive  purchased f u e l  c o s t s .  Of t h e  two 
t y p e s  of sys tems s t u d i e d ,  t h e  p u l s e  h e a r t h  a p p e a r s  t o  
be t h e  system of choice .  The p o t e n t i a l  a d v a n t a g e s  of 
a  f l u i d  bed system would be outweighed by h igher  
c o s t s .  P u l s e  h e a r t h  sys tems f o r  w a s t e  i n c i n e r a t i o n  
a r e  demonst ra ted  and t h e  implementa t ion  p o t e n t i a l  is 
much h igher  t h a n  f o r  f l u i d i z e d  beds. 

6.2 - Convert Asphalt to  NO- 6 Oil - A r e l a t i v e l y  low 
e s t i m a t e d  inves tment  c o s t  f o r  t h i s  p o t e n t i a l l y  v i a b l e  
concept  i s  somewhat o f f s e t  by r e l a t i v e l y  h igh 
o p e r a t i n g  c o s t s ,  Recovered a s p h a l t  from r o o f i n g  
w a s t e  would s u b s i t u t e  d i r e c t l y  f o r  purchased 
pet ro leum f u e l  a t  a  r ecovery  c o s t  e s t i m a t e d  t o  be 
s l i g h t l y  lower t h a n  t h e  c u r r e n t  p r i c e  of purchased 
No. 6 o i l .  There a r e  p o t e n t i a l  problems w i t h  c o a l  
t a r  and o t h e r  c o n s t i t u e n t s  of j o b - s i t e  w a s t e  which 
are rivt s o l u b l e  i n  No. 2 o i l ,  p e r c e i v e d  a s  h i s h  
t e c h n i c a l  r i s k  r e q u i r i n g  e x t e n s i v e  developmental  
e f f o r t .  



6.3: 6-4 - Recover Combustibles by Fluid Coking; 
Pyrolysis - The p o t e n t i a l  f o r  commercial 
implementa t ion  of t h e s e  concep t s  was judged v e r y  
low. Economical recovery  sys tems would l i k e l y  have 
t o  be ex t remely  l a r g e ,  r e q u i r i n g  a s  f e e d s t o c k  t h e  
c o l l e c t e d  r o o f i n g  waste from enormous geograph ica l  
a r e a s .  A smaller p y r o l y s i s  system, by analogy t o  
t i r e  p y r o l y s i s  concep t s ,  would produce on ly  a 
f r a c t i o n  of t h e  combus t ib les  due t o  t h e  much lower 
hydrocarbon c o n t e n t  of a s p h a l t  r o o f i n g  waste.  

6-5 - Recover Asphalt by Solvent Extraction - High 
t e c h n i c a l  v i a b i l i t y  i s  o f f s e t  by h igh  o p e r a t i n g  c o s t s  
f o r  t h i s  concept .  A p i l o t  p l a n t  f u r  s o l v e n t  
e x t r a c t i o n  h a s  been s u c c e s s f u l f y  o p e r a t e d  u s i n g  
a s p h a l t  r o o f i n g  waste.  The goa l  would be t o  r ecover  
the asphal t  from roofing waste t o  r e u s e  a s  a 
s u b s t i t u t e  f o r  purchased f r e s h  a s p h a l t .  Users  would 
be t h e  r o o f i n g  manufac tu re r  o r  any o t h e r  a s p h a l t  
customer.  Unfor tuna te ly ,  t h e  e s t i m a t e d  recovery  c o s t  
of t h e  a s p h a l t  i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  
p r i c e  nf purchased a s p h a l t .  

6-6: 6-7  - Recover Asphalt by Thermal Extraction; Hydraulic 
Extraction - These c o n c e p t s  were c o n s i d e r e d  q u i t e  
u n l i k e l y  f o r  a s p h a l t  r o o f i n g  w a s t e  recovery  and reuse.  
The c o n c e p t s  may be t e c h n i c a l l y  v i a b l e ,  b u t  
c o n s i d e r a b l e  developmental  work would be r e q u i r e d  
w i t h o u t  any a p p a r e n t  i n c e n t i v e  f o r  development. These 
e x t r a c t i o n  p r o c e s s e s  a r e  e s t i m a t e d  t o  be c o n s i d e r a b l y  
more c o s t l y  y e t  less  e f f i c i e n t  i n  a s p h a l t  r ecovery  
than  s o l v e n t  e x t r a c t i o n .  Thus, t h e  c o s t  of recovered  
a s p h a l t  would be even f u r t h e r  o u t  of l i n e  w i t h  a s p h a l t  
p r i c e s ,  pe rhaps  amounting t o  t w i c e  t h e  c u r r e n t  
purchase  p r i c e .  

6.8 - Recycle Roofing Scrap a s  F i l l e r  - This  concept  i s  
q u i t e  promis ing  t o  r e c l a i m  f a c t o r y  s c r a p  f o r  r e u s e  i n  
new r o o f i n g  s h i n g l e  p roduc t ion .  . I n  t h e  days  of 
f e l  t -base  s h i n g l e  predominance, r e u s e  of s c r a p  a s  
f i l l e r  was p e r c i e v e d  t o  t h r e a t e n  s h i n g l e  qua1 i t y .  
With t h e  adven t  of f i b e r  . g l a s s  base  s h i n g l e s ,  t h e  
concept  d e s e r v e s  r e i n v e s t i g a t a n .  C a p i t a l  and 
o p e r a t i n g  c o s t s  f o r  m a t e r i a l  recovery  a r e  q u i t e  low 
and s h o u l d  be a t t r a c t i v e  t o  t h e  r o o f i n g  manufacturer  
a s  a n  a l t e r n a t i v e  t o  l a n d f i l l .  The. r o o f i n g  w a s t e  
a s p h a l t  and o t h e r  m a t e r i a l s  would d i r e c t l y  r e p l a c e  
v i r g i n  i n g r e d i e n t s  of f i l l e d  c o a t i n g .  The impact  on 
energy recovery ,  however, i s  q u i t e  l i m i t e d  s i n c e  t h i s  
concep t  i s  a p p l i c a b l e  on ly  t o  f a c t o r y  sc rap .  



TABLE 6.1 

COMPARISON OF ASPHALT ROOFING WASTE REUSE ALTERNATIVES 

I n v e s t s e n t  
C o s t  p e r  Energy 

Annual Ton O p e r a t i n g  C o e t  Recovery P o t e n t i a l  for Impact  on 
T e c h n i c a l  S c r a p  per t o n  s c r a  Cos t  C o m e r c i s l  Energy Resource 

Reuse Concept V i a b i l i t y  c a p p c i t y  (5) p r o c e s e e d  (sP ( S / W t u )  Implementa t ion  Beoovery 

Burn Roof ing  Waste 
- FLuid izeJ  bed High 183 
- P u l s e  h e a r t h  Ve? h igh  125 

LOW 
Moderate 

S i g n i f i c a n t  p o t e n t i a l  
impac t  - f a c t o r y  and job  
s i t e  w a s t e  a s  d i r e c t  
s u b s t i t u t e  f o r  o i l ,  
g a s  o r  c o a l  a s  f u e l  
f o r  b o i l e r  o r  p r o c e s s  
h e a t ,  new f a c l l i t y  o r  
p e r h a p s  r e t r o f i t  
combustor  t o  e x i s t i n g  
system. 

C o n v e r t  Asph,al t High* 4 6 35  3.22 Low Only modest impact  of 
t o  No. 6 O i l  j o b - s i t e  was te  - c o a l  

t a r s  p r e s e n t  a problem 
( h i g h  r i s k )  - 
s u b s t i t u t e  d i r e c t l y  
f o r  purchased f u e l  
o i l .  

f l u i d  Coking t o  
Pe t ro leum 
Feeds tock  v e r y  LOW* Impact  u n l i k e l y  v e r y  

High High High Very LOW l a r g e  u n i t s  judged 
P y r o l y s i s  t o  High* i m p r a c t i c a l  f o r  w a s t e  

Syncrude c o l l e c t i o n  r e q u i r e d ,  
s m a l l e r  u n i t s  judged 
uneconomical. 

Rsphal t  Recovery 
3y Solvent  High 1 3 9  6 5 6.59 Low Small  impact - 
Z x t r a c t i o n  r e c o v e r e d  a s p h a l t  c o s t  

a p p e a r s  h i g h e r  t h a n  
p r i c e  of f r e s h  a s p h a l t  



TABLE (Continued] 

'nveatment 
Coat per Bnergl! 

h n u a l  Ton Opera t ing  Coat Recovery P o t e n t i a l  f o r  b p c t  on 
Tecbnlcal  & r a p  pe r  t on  a c r a  Coat Commercial Bnergy Beeource 

Beuae Concept V i a b i l i t y  c a p a c i t y  (S) proceased (8f ( $ / ~ ~ t u )  Implementation Recovery 

Asphal t  Recovery 
by Thermal Uoderate* 
Ex t r ac t ion  

Asphal t  Recovery No Es t .  
by Hydraul ic  
Ex t r ac t ion  noderate* 

Impact u n l i k e l y  - c o s t  
of recovered a s p h a l t  

>6 .Sf! Very LOW c o s t  appea r s  higher 
than p r i c e  of f r e s h  
a spha l t .  

Recycle Sc rap  a s  
~ i i l e r  f o r  New 
Roof ing  Uoderate 33 6 0.56 Moderate nodest  p o t e n t i a l  

impact - concept  
a p p l i e s  & t o  

I f a c t o r y  sc rap .  

Use Sc rap  i n  
Paving n i x e s  Very high 80-54 3-20 0.21-1.56 Uoderate Very high p o t e n t i a l  

impact - f a c t o r y  and 
job - s i t e  waste  a s  
d i r e c t  s u b s t i t u t e  f o r  
v i r g i n  paving 
i n g r e d i e n t s  
t h e o r e t i c a l  use of a l l  
roof ing waste.  

Use Sc rap  i n  New 

-Light Duty 
Surf ace High 

-Uolding Eigh 
Compound 

-Binder f o r  RDF Unknown* 

very LOW Small impact - appears  
unvrof i t a b l e  

Very Low ~ & l l  impact - very 
low demand (b lack on ly )  

Unk.nown Small impact - l i m i t e d  
t o  nsw f a c i l i t i e s  
producing RDP 

*Untested f o r  a s p h a l t  roofing waste 



6-9  - Roofing Scrap i n  Paving Mxes - The d i r e c t  r e u s e  of 
p repared  a s p h a l t  r o o f i n g  w a s t e  i n  commercial paving 
mixes a p p e a r s  t o  have v e r y  s i g n i f i c a n t  p o t e n t i a l .  
Fac to ry  waste  i s  c u r r e n t l y  be ing  reused  by one 
company; t h e  concept  cou ld  be expanded t o  u t i l i z e  
j o b - s i t e  was te  perhaps  w i t h  l i t t l e  more t h a n  some 
a d d i t i o n a l  pre-process ing  and p r e p a r a t i o n .  C a p i t a l  
and o p e r a t i n g  c o s t s  f o r  t h e  r o o f i n g  w a s t e  p r e p a r a t i o n  
a r e  low o r  modera te ly  low even f o r  j o b - s i t e  waste.  
T h i s  r e u s e  concept  would s u b s t i t u t e  both  t h e  r o o f i n g  
was te  c o n t a i n e d  a s p h a l t  and t h e  non-combustible 
m a t e r i a l s  d i r e c t l y  f o r  v i r g i n  i n g r e d i e n t s  i n  
e x t e n d i n g  t h e  paving mix by two p e r c e n t  o r  so. A t  
t h i s  r a t e ,  t h e o r e t i c a l l y  a l l  r o o f i n g  w a s t e  cou ld  be 
u t i l i z e d .  

6-10 - Roofing Scrap for New' Products - I n  e v a l u a t i n g  t h e  
p o t e n t i a l  f o r  new produc t s ,  i t  was assumed t h a t  only  
p r e p a r a t i o n  c o s t s  would be invo lved ,  t h e  r e s u l t i n g  
reduced-s ize  m a t e r i a l  s o l d  t o  cus tomers  f o r  v a r i o u s  
a p p l i c a t i o n s  o r  f i n a l  p roduc t s .  There fo re ,  c a p i t a l  
and o p e r a t i n g  c o s t s  a r e  q u i t e  low. Three example 
a p p l i c a t i o n s  o r  p r o d u c t s  were s e l e c t e d  f o r  
e v a l u a t i o n .  A l i g h t  duty  s u r f a c e  ("driveway mixn)  
was e s t i m a t e d  t o  be u n p r o f i t a b l e .  The s a l e  of t h e  
p repared  w a s t e  a s  a  molding compound t o  s p e c i a l t y  
manufac tu re r s  was judged t o  be l i m i t e d  by t h e  
r e s t r i c t e d  c o l o r  ( b l a c k  o n l y )  and p o s s i b l y  by 
problems of u n d e s i r a b l e  c o n s t i t u e n t s  i n  j o b - s i t e  
was te ;  energy impact  would be q u i t e  low. The 
u t i l i z a t i o n  of r o o f i n g  w a s t e  a s  a  b inder  f o r  r e f u s e  
d e r i v e d  f u e l  i s  unknown a s  t o  t e c h n i c a l  v i a b i l i t y  
and i s  l i m i t e d  t o  u t i l i z a t i o n  a t  l a n d f i l l s  t h a t  
o p e r a t e  RDF f a c i l i t i e s .  C o l l e c t i o n  system 
complexity f o r  t h i s  l a s t  a p p l i c a t i o n  would be 
minimized s i n c e  both  t h e  r o o f i n g  w a s t e  and t h e  RDF 
produc t ion  f a c i l i t y  would be a t  ( o r  n e a r )  t h e  
l a n d f i 1 . l  s i t e .  I n  each of t h e  new produc t  examples,  
r o o f i n g  w a s t e  i s  presumed t o  s u b s t i t u t e  f o r  new 
i n g r e d i e n t s  s u b s t a n t i a l l y  d i f f e r e n t  t h a n  a s p h a l t  o r  
r o o f i n g  noncombustibles .  

The above synopses  and Table  6.1 a i d  i n  a p r e l i m i n a r y  
e l i m i n a t i o n  of s e v e r a l  concep t s  based on r e l a t i v e  merit. 
F l u i d  coking and p y r o l y s i s  t o  r ecover  combus t ib les ,  and 
thermal  o r  h y d r a u l i c  e x t r a c t i o n  t o  r ecover  t h e  a s p h a l t ,  
though t e c h n i c a l l y  v i a b l e ,  o f f e r  no advan tages  b u t  many 
d i sadvan tages .  Each of t h e  remaining c o n c e p t s  i s  judged 
worthy of f u r t h e r  s t u d y  a s  t o  t h e  f e a s i b i l i t y  of commercial 



implementa t ion  d e s p i t e  some r e l a t i v e  economic o r  a p p l i c a t i o n  
l i m i t a t i o n s ,  

Of t h e  remaining s i x  c o n c e p t s ,  t h r e e  u t i l i z e  both  t h e  
a s p h a l t  and t h e  non-combustible m a t e r i a l s  (i. e., r e u s e  of 
e s s e n t i a l l y  100 p e r c e n t  of t h e  r o o f i n g  w a s t e ) .  Of t h e  new 
p r o d u c t  examples,  a l l  would produce a t  b e s t  on ly  a  v e r y  
s m a l l  impact  on r e s o u r c e  recovery .  The r e c y c l e  t o  new 
s h i n g l e  c o n c e p t  would undoubtedly u t i l i z e  on ly  f a c t d r y  
s c r a p ,  a c c o u n t i n g  f o r  only  5-6 p e r c e n t  of r o o f i n g  waste.  
Only t h e  c o n c e p t  of u s i n g  a s p h a l t  r o o f i n g  w a s t e  i n  
commercial pav ing  mixes h a s  t h e  p o t e n t i a l  f o r  s i g n i f i c a n t l y  
u t i l i z i n g  t h e  j o b - s i t e  s c r a p  r e s o u r c e  i n  q u a n t i t y .  

I n  t h e  s o l v e n t  e x t r a c t i o n  p r o c e s s ,  a s p h a l t  and p o s s i b l y  
o t h e r  r o o f i n g  m a t e r i a l s  a r e  r e c o v e r a b l e  i n  a  demonst ra ted  
process .  However, t h e  est imated recovery  c o s t  f o r  a s p h a l t  
from even c l e a n  f a c t o r y  s c r a p  i s  n o t  f a v o r a b l e ;  recovery  
a p p e a r s  more expens ive  t h a n  purchase  of f r e s h  a s p h a l t .  Even 
i f  t h i s  d i s c r e p a n c y  cou ld  be o f f s e t  a t  l e a s t  p a r t i a l l y  by 
t h e  m a n u f a c t u r e r 1  s avo ided  c o s t  of l a n d f i l l  d i s p o s a l ,  . 
implementa t ion  i s  judged of low l i k e l i h o o d ,  The a d d i t i o n a l  
p r e p a r a t i o n  r e q u i r e d  f o r  f i e l d  s c r a p  s u g g e s t s  l e s s  
a t t r a c t i v e  p r o s p e c t s  f o r  t h e  much l a r g e r  p o r t i o n  of t h e  
r o o f i n g  w a s t e  r e source .  

TWO c o n c e p t s  r ecover  t h e  energy c o n t e n t  of t h e  a s p h a l t  i n  
r o o f i n g  w a s t e  a s  a ' s u b s t i t u t e  f o r  purchased energy.  I n  
r e c o v e r i n g  t h e  a s p h a l t  w i t h  No. 2 o i l  t o  produce a n  
e q u i v a l e n t  No. '6  o i l ,  t h e  p roduc t  s u b s t i t u t e s  d i r e c t l y  f o r  
pc t ro lcum f u c l .  Thc preliminary e ~ t i m a t e ~  made i n  t h i s  
s t u d y  i n d i c a t e  t h e  s u b s t i t u t e  f u e l  might  be produced 
c o m p e t i t i v e l y  wi th  f u e l  o i l  p r i c e s  p rov ided  t h e  r o o f i n g  
was te  cou ld  be guaran teed  f r e e  of c o a l  t a r ;  such a  g u a r a n t e e  
may be i m p o s s i b l e  f o r  mixed j o b - s i t e  waste.  More a t t r a c t i v e  
is  t h e  d i r e c t  combust ion of a s p h a l t  r o o f i n g  waste.  Of  t h e  
two combust ion sys tems  s t u d i e d ,  t h e  p u l s e  h e a r t h  o f f e r s  t h e  
g r e a t e s t  p o t e n t i a l .  The c o s t  of t h e  recovered  h e a t  energy 
a p p e a r s  t o  be q u i t e  a t t r a c t i v e  f o r  a  wide range  of end u s e s  
i n c o r p o r a t i n g  new o r  e x i s t i n g  b o i l e r s  o r  o t h e r  u t i l i z a t i o n  
systems. The envi ronmenta l  impact of r o o f i n g  w a s t e  
combustion shou ld  n o t  be  any g r e a t e r  t h a n  f o r  conven t iona l  
f u e l  systems.  

The comparisons of r e l a t i v e  merit of t h e  c o n c e p t s  i n d i c a t e  
two a r e  c l e a r l y  s u p e r i o r  w i t h  r e s p e c t  t o  t h e  f o u r  primary 
e v a l u a t i o n  f a c t o r s .  D i r e c t  combustion of r o o f i n g  was te  and 
u t i l i z a t i o n  of r o o f i n g  w a s t e  i n  paving mixes were s e l e c t e d  
a s  most worthy of f u r t h e r  s tudy .  Each was judged h igh  i n  



t e c h n i c a l  v i a b i l i t y .  Each h a s  r e l a t i v e l y  1 ow c o s t s  1 e a d i n g  
t o  a n  a t t r a c t i v ' e  c o s t  of recovered  energy resource .  Each 
was judged t o  have moderate p o t e n t i a l  f o r  commercial 
implementat ion (none of t h e  concep t s  was judged h igh  i n  t h i s  
r e g a r d ) .  F i n a l l y ,  each h a s  t h e  p o t e n t i a l  t o  r e u s e  j o b - s i t e  
r o o f i n g  w a s t e  t h e r e b y  having s i g n i f i c a n t  impact  on energy 
r e s o u r c e  recovery .  

An a d d i t i o n a l  f a c t o r ,  t i m e  t o  implementa t ion ,  a d d r e s s e s  how 
soon r e s o u r c e  recovery  can g e t  underway. The s e l e c t e d  

. a 1  t e r n a t i v e s  a r e  among t h e  few f o r  which some commercial 
demons t ra t ion  e x i s t s ,  based on ly  on c l e a n  f a c t o r y  s c r a p .  
Thus, t h e  two s e l e c t e d  r e u s e  concep t s  rank h igh  i n  
c o n s i d e r i n g  t i m e  t o  implementa t ion  a 1  though f u r t h e r  
development i s  needed t o  e f f e c t i v e l y  accommodate t h e  l a r g e r  
j o b - s i t e  r o o f i n g  w a s t e  r e source .  

For t h e  two s e l e c t e d  a l t e r n a t i v e s ,  t h e  a p p r o p r i a t e  next  
s t e p s  i n  f e a s i b i l i t y  s tudy ,  r e s e a r c h  and development which 
cou ld  1 ead t o  demons t ra t ion  ,and e v e n t u a l  commer c i a 1  
implementa t ion  can be o u t l i n e d .  

Roofing Waste Combustion - Conduct t e c h n i c a l  market 
r e s e a r c h  and a n a l y s i s  t o  
i d e n t i f y  c a n d i d a t e  b o i l e r  
t y p e s  and r o o f i n g  w a s t e  
recovery  methods. 

- S e l e c t  a t  l e a s t  two b o i l e r s  f o r  
t e s t  burning.  

- Burn a s m a l l  q u a n t i t y  of  
r o o f i n g  w a s t e  t o  o b t a i n  
p r e l i m i n a r y  d a t a  f o r  d e s i g n i n g  
commercial s c a l e  r e sea rch .  

Roofing Waste Paving Mix - Analyze v a r i o u s  t y p e s  of 
r o o f i n g  w a s t e  t o  p rov ide  a 
b a s i s  f o r  l a b o r a t o r y  tests.  

- Conduct a des igned  l a b o r a t o r y  
exper iment  t o  i d e n t i f y  
a c c e p t a b l e  paving mixes 
c o n t a i n i n g  r o o f i n g  waste.  

- Lay s e v e r a l  smal l  t e s t  pavement 
s e c t i o n s  f o r  t r a f f i c  
e v a l u a t i o n .  



7.0 - CONCLUSIONS AND R.COHHENDATIONS 

T h i s  s t u d y  h a s  a d d r e s s e d  a s p h a l t  r o o f i n g  w a s t e  a s  a  
r e c o v e r a b l e .  energy r e s o u r c e  and h a s  i n v e s t i g a t e d  p r e s e n t ,  
d i s p o s a l  p r a c t i c e s ,  g e n e r a l  methods f o r  c o l l e c t i o n  and 
a c q u i s i t i o n ,  and p o t e n t i a l  a l t e r n a t i v e s  f o r  u t i l i z a t i o n .  
The a s p h a l t  i n  t h e  n a t i o n ' s  a s p h a l t  r o o f i n g  wast  r e p r e s e n t s  
some 7 x  1013 Btu a n n u a l l y ,  and i s  a lmos t  e x c l u s i v e l y  
d i s p o s e d  of i n  l a n d f i l l s ,  c u r r e n t l y  c o n t r i b u t i n g  t o  a n  
env i ronmenta l  problem. Disposal  c o s t s  t o  t h e  r o o f i n g  
manufac tu re r  f o r  f a c t o r y  s c r a p  and t o  t h e  r o o f i n g  c o n t r a c t o r  
f o r  j o b - s i t e  r o o f i n g  w a s t e  ere i n c r e a s i n g .  A c q u i s i t i o n  of 
t h e  r o o f i n g  w a s t e  a p p e a r s  on ly  t o  r e q u i r e  a n  economical 
a 1  t e r n a t i v e  t o  l andf  i i l i n g  w i t h  c o l l e c t i o n  c o n t i n u i n g  by 
p r e s e n t  methods, b u t  w i t h  a  less c o s t l y  and more conven ien t  
d e s t i n a t i o n .  

A s u c c e s s f u l  r e u s e  concep t  must be t e c h n i a l l y  v i a b l e ,  
economical ly  a t t r a c t i v e ,  and i n s t i t u t i o n a l l y  implementable.  
Moreover, t o  have  a  s i g n i f i c a n t  impact  on recovery  of t h e  
energy r e s o u r c e ,  t h e  concep t  must accommodate j o b - s i t e  
r o o f i n g  w a s t e  which r e p r e s e n t s  abou t  9 4  p e r c e n t  of t h e  
t o t a l .  Of t e n  r e u s e  c o n c e p t s  s t u d i e d ,  two have been 
i d e n t i f i e d  which a r e  c l e a r l y  s u p e r i o r  i n  comparison of 
r e l a t i v e  merits. The two c o n c e p t s  judged most worthy of 
f u r t h e r  s t u d y  and development toward commercial. 
implementa t ion  are t h e  d i r e c t  combustion of a s p h a l t  r o o f i n g  
waste ( i n  a  c o n v e n t i o n a l  i n c i n e r a t o r  system such a s  t h e  
p u l s e  h e a r t h )  and t h e  i n c o r p o r a t i o n  of p repared  r o o f i n g  
waste  i n  commercial paving mixes. Each of t h e  s e l e c t e d  
c o n c e p t s  h a s  been. demonst ra ted  commercial ly on a  v e r y  
l i m i t e d  b a s i s ,  us ing  o n l y  c l e a n  f a c t o r y  sc rap .  

I t  is  recommended t h a t  a d d i t i o n a l  r e s e a r c h  and development 
be under taken  t o  'de termine  t h e  b e s t  t e c h n i c a l  and economical 
approaches  f o r  e x t e n d i n g  t h e  s e l e c t e d  r e u s e  concep t s  t o  
j o b - s i t e  r o o f i n g  waste.  The f o l l o w  on s t u d i e s  shou ld  
a d d r e s s  a p p r o p r i a t e  s i z i n g  and s i t i n g  of f a c i l i t i e s ,  v a l u e  
and m a r k e t  f o r  t h e  r e u s e  p roduc t ,  and t e c h n i c a l  development 
of t h e  p r o c e s s i n g ,  c o n v e r s i o n  and a p p l i c a t i o n  of t h e  r o o f i n g  
waste  ene rgy  resource .  
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