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INDUSTRIAL WASTE EXCHANGE: 
A MECHANISM FOR SAVING ENERGY AND MONEY 

Linda L. Gaines 
Argonne N a t i o n a l  Labora tory  

Argonne, I l l i n o i s  60439 

INTRODUCTION 

What is  a Waste Exchange? A w a s t e  exchange is  a 
f a c i l i t y  t h a t  e n a b l e s  i n d u s t r i a l  p r o c e s s  w a s t e s ,  
by-products, s u r p l u s e s ,  o r  m a t e r i a l s  t h a t  do no t  
meet s p e c i f i c a t i o n s  t o  be t r a n s f e r r e d  from one 
company t o  a n o t h e r  company where t h e y  a r e  used  a s  
process  i n p u t s .  Because many of  t h e s e  m a t e r i a l s  
a r e  of low o r  n e g a t i v e  v a l u e ,  i t  does no t  pay t o  
t r a n s p o r t  them g r e a t  d i s t a n c e s .  (Higher-value 
m a t e r i a l s  may f i n d  more-d i s tan t  markets  and even 
markets overseas . )  A was te  exchange is  t h e r e f o r e  
a r e g i o n a l  v e n t u r e  by n a t u r e ;  on t h e  o t h e r  hand, 
t h e  a r e a  i t  s e r v e s  mst be  l a r g e  enough t o  i n c l u d e  
a v a r i e t y  of  i n d u s t r i e s .  S e v e r a l  too-small  
exchanges have merged w i t h  o t h e r s  o r  ceased  opera-  
t ion.  A l i s t  of o p e r a t i n g  w a s t e  exchanges i n  t h e  
U.S. and t h e i r  l o c a t i o n s  i s  shown i n  Table  1. 

The v a s t e  g e n e r a t o r  i n v o l v e d  i n  w a s t e  
exchange b e n e f i t s  f rom t h e  revenues  from t h e  s a l e  
of waste  and t h e  avo ided  d i s p o s a l  c o s t s ,  and t h e  
user  b e n e f i t s  from reduced r a w l a a t e r i a l s  c o s t s .  
I )enefi is  t o  tho  n a t l o n  i n c l u d e  d e c r e a s e s  i n  i t s  
dependence ' on impor ted  r e s o u r c e s ,  i n  energy 
requi red  f o r  p r o d u c t i o n  of  new m a t e r i a l s ,  i n  
publ ic-heal th hazards ,  and i n  amounts of  l and  and 
money r ~ q c l i r e d  f o r  was te  d i s p o s a l .  The b e n e f i t s  
a r e  ach ieved  th rough  'any suCceuaEu1 waote 
exchange. However, t h e  c h a r a c t e r l a t i c s  and 
~ t h o d s  of i n d u s t r i a l  was te  exchanges may d i f f e r  
i n  s e v e r a l  i m p o r t a n t  a s p e c t s .  

%es of Waste Exchanges. Waste exchanges d i f f e r  
according t o  whether  o r  n o t  t h e y  a c t u a l l y  handle 
8 a t e r i a l s .  T h e  m a t  common t y p e  of  was te  exchange 

' , 'does not handle  m a t e r i a l s ,  but  i s  on ly  a n  informa- 
:.; . t ian e lear inghnuee .  Waste-generat ing companies . .  tiform form . . t h e  exchange a b o u t  t h e  q u a n t i t y ,  c~mpoel- 

.$;:tlon, and l o c a t i o n  of  t h e  w a s t e s  t h e y  g e n e r a t e  and $ :. 
?,r..t> frequency w i t h  which t h e  was tes  a r e  a v a i l a b l e  , .. . 
.::> f0t exchange. Companies 'wishing t o  u s e  was tes  a s  .'.';:,. . , 

.;9;Procees i n p u t s  supply  s i m i l a r  i n f o r m a t i o n  about  ..w; ? 
.',. t h e i r  needs. The r e q u i r e d  i n f o r m a t i o n  i s  u s u a l l y  .. J... n \ ,  
.y.:; .' 

s e n t  t o  t h e  exchange on a s t a n d a r d  form, and a - 
nominal  l i s t i n g  f e e  is o f t e n  r e q u i r e d .  The 
i n f o r m a t i o n  on was tee  a v a i l a b l e  and wanted is  
publ i shed  i n  t h e  exchange ' s  c a t a l o g ,  which 
t y p i c a l l y  a p p e a r s  q u a r t e r l y  and may be a v a i l a b l e  
f r e e  o r  f o r  a s m a l l  charge.  Waste-exchange 
c a t a l o g s  sometimes i n c l u d e  a n e w s l e t t e r  and  
a d v e r t i s e m e n t s  f o r  c o n s u l t a n t s  and f i r m s  o f f e r i n g  
waste-handling s e r v i c e s .  F igure  1, reproduced 
from Ref. 1, shows t y p i c a l  l i s t i n g s  from a 
c a t a l o g .  To p r o t e c t  conpany p r o p r i e t a r y  i n f  orma- 
t i o n  and  t o  d i s c o u r a g e  p o s s i b l e  government 
involvement ,  c a t a l o g  l i s t i n g s  a r e  of  t e n  conf iden-  
t i a l .  A p a r t y  i n t e r e s t e d  i n  u s i n g  a v a i l a b l e  
was tes  o r  s u p p l y i n g  needed m a t e r i a l s  must w r i t e  a n  
f n q u i r y  t o  t h e  exchange,  which forwards t h e  l e t t e r  
t o  t h e  l i s t i n g  company. The f u n c t i o n  of t h e  
i n f o r m a t i o n  c l e a r i n g h o u s e  g e n e r a l l y  ends t h e r e ;  
i t  i s  up t o  t h e  l i s t i n g  conpany t o  c o n t a c t  t h e  
i n q u i r i n g  p a r t y  and n e g o t i a t e  a n  exchange,  which 
may i n v o l v e  a one-t ime t r a n s f e r ,  s e v e r a l  t r a n s - .  
f e r s ,  o r  even t h e  con t inuous  t r a n s f e r  of wastes .  
Th'e companies a r e  g e n e r a l l y  under  no o b l i g a t i o n  t o  
in form t h e  c l e a r i n g h o u s e  of  t h e  r e s u l t s  of  nego- 
t i a t i o n .  The), may egen prefer  t o  "keep a good 
d e a l  q u i e t "  from t h e i r  compet i to rs .  A schemat ic  
showing h w  a n  i n f o r m a t i o n  c l e a r i n g h o u s e  a s s i s t s  
t h e  t r a n s f e r  of w a s t e s  i s  shorn  i n  F i g u r e  2 .  
Somet iwu a n  i n f o r m t i o ~  c l e a r i n g h o u s e  makes a n  
a c t i v e  e f f o r t  t o  f i n d  p o s s i b l e  u s e r s  f o r  a v a i l a b l e  
w a s t e s ,  most of which a r e  n o t  s u c c e s s f u l l y  
exchanged s imply  bv c a t a l o ~  l i s t i n g s .  (The C a l i -  - - , -. 
f o r n i a  Waste Exchange, f o r  example, d e t e r m i n e s  
p o s s i b l e  u s e r s  and informs them of a p p r o p r i a t e  
m a t e r i a l s  a v a i l a b l e . )  This  f u n c t i o n  r e q u i r e s  more 
t h a n  t h e  u s u a l  s m a l l  par t - t ime  s t a f f .  One waste-  

exchange o p e r a t o r  ~ u g g e s t e d  a c e n t r a l  i n f o r m a t i o n  
s e r v i c e  funded by t h e  Departments of Commerce and 
Energy and t h e  Enviranraental  P r o t e c t i o n  Agency 
(EPA). 

The o t h e r  t y p e  of v a s t e  exchange i s  a 
m a t e r i a l s  exchange t h a t ,  f o r  a b rokerage  f e e ,  
a c t u a l l y  t a k e s  p o i s e s s i o n  of t h e  v a s t e s  and 
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p a r t i c i p a t e s  i n  t h e  n e g o t i a t i o n s .  This  type  of 
exchange o f t e n  a c t i v e l y  s e e k s  buyers  f o r  wastes .  
A schemat ic  of  w a s t e  t r a n s f e r  th rough  a  m a t e r i a l s  
exchange i s  shown i n  F i g u r e  3. I n  some c a s e s ,  t h e  
m a t e r i a l s  exchange performs minimal p r o c e s s i n g  on  
t h e  waste  t o  make i t  a  s u i t a b l e  raw m a t e r i a l  f o r  
t h e  buyer ' s  use. S t i l l  o t h e r  companies, a s  t h e i r  
= i n  l i n e  of b u s i n e s s ,  r e p r o c e s s  was tes  i n t o  valu- 
a b l e  p r o d u c t s  f o r  r e s a l e .  More d e t a i l  concern ing  
t h e  o p e r a t i o n  of s p e c i f i c  w a s t e  exchanges can be 
found i n  Ref. 2. 

The second i m p o r t a n t  c h a r a c t e r i s t i c  of was te  
exchanges i s  t h e i r  s t a t u s  an p u b l i c ,  n o n p r o f i t  
o p e r a t i o n s  o r  p r o f i t - m a k i n g  b u s i n e s s e s .  T h i s  
c h a r a c t e r i s t i c  i s  n o t  u n c o r r e l a t e d  w i t h  t h e  f i r s t ;  
most i n f o r m a t i o n  c l e a r i n g h o u s e s  a r e  o p e r a t e d  and 
s u b s i d i z e d  by government, chambers of commerce, o r  
t r a d e  a s s o c i a t i o n s ,  and most m a t e r i a l s  exchanges 
a r e  p r i v a t e  e n t e r p r i s e s .  f one p r i v a t e l y  run  
exchanges r e g a r d  s u b s i d i z e d  changes a s  d i r e c t  
c o m p e t i t o r s  w i t h  a n  u n f a i r  Ivan tage . )  It i s  
c l e a r  t h a t  l i t t l e  money i s  t c  be made by publ i sh-  
i n g  a  q u a r t e r l y  c a t a l o g ,  but m a t e r i a l s  b rokerage  
f e e s  do o f f e r  p o t e n t i a l  p r o f i t s .  

The t h i r d  impor tan t  c h a r a c t e r i s t i c  of a  was te  
exchange i s  t h e  t y p e s  of m a t e r i a l  i t  handles .  
This  t o p i c  w i l l  be t r e a t e d  i n  t h e  nex t  s e c t i o n .  

Types of M a t e r i a l s  Handled by Waste Exchanges. 
The word "waste" i s  i n t e r p r e t e d  i n  v a r i o u s  ways by 
t h e  d i f f e r e n t  was te  exchanges. Some i n c l u d e  
s u r p l u s  m a t e r i a l s  -- o v e r s u p p l i e s  of  v i r g i n  
m a t e r i a l s  -- i n  their L ~ s t i n g s ,  w h i l e  o t h e r s  
s p e c i f i c a l l y  e x c l u d e  them. One f o r - p r o f i t  mate r i -  
a l s  exchange d e a l s  a lmos t  e x c l u s i v e l y  i n  s u r p l u s  
t e x t i l e s .  Other  exchanges r e s t r i c t  t h e i r  opera-  
t i o n s  t o  m a t e r i a l s  f o r  which no markets  o r  
ex t remely  l i m i t e d  marke ts  now e x i s t .  Wastes w i t h  
l i m i t e d  markets  a r e  g e n e r a l l y  d i s p o s e d  of  i n  
l a n d f i l l s  o r  o t h e r w i s e ,  a t  a  c o s t  t o  t h e  genera-  
t o r .  These a r e  t h e  l a a t e r i a l s  f o r  which was te  
exchange 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  f o r  d o l l a r  
and energy s a v i n g s ,  and t h e r e f o r e  t h e s e  a r e  t h e  
ones d i s c u s s e d  i n  t h i s  r e p o r t .  A l is t  of t h e  
c a t e g o r i e s  of w a s t e s  choeon f o r  s tudy  is shown i n  
Table  2. 

Another n e c e s s a r y  d i s t i n c t i o n  is  t h a t  between 
hazardous and non-hazardous was tes .  Some ex- 
changes handle o n l y  one o r  t h e  o t h e r .  The 
d i s t i n c t i o n  is n o t  s t r i c t l y  c o r r e l a t e d  w i t h  t h e  
c a t e g o r i e s  i n  Table  2, bu t  most Hazardous mater- 
i a l s  a r e  found i n  c a t e g o r i e s  1 ( a c i d s  and 

a l k a l i s ) ,  2  ( o r g a n i c s  and s o l v e n t s ) ,  3  ( m e t a l s  and 
meta l -con ta in ing  s l u d g e s ) ,  and 11 ( i n o r g a n i c s ) .  
The o p e r a t i v e  d e f i n i t i o n  of "hazardous." f o r  o u r  
purposes ,  i s  t o  be found i n  t h e  Resource Conserva- 
t i o n  and Recovery Act of 1976 (PL94-580, RcRA)~ 
and i t s  a s s o c i a t e d  r e g u l a t i o n s  ( f o r  example, 

4  40 CFR P a r t s  260-265 ). ~ e c a u s e  of t h e  importance 
and complex i ty  of t h e s e  r e g u l a t i o n s ,  we w i l l  
summarize t h e  r e l e v a n t  p o i n t s  i n  t h e  t h e  f o l l o w i n g  
s e c t i o n .  

RCRA. Hazardous Waste, and Waste Exchanges. 
Although RCRA d e a l s  w i t h  a  number of t o p i c s  

r e l a t e d  t o  r e s o u r c e  recovery ,  t h e  a r e a  of 
hazardous  w a s t e  h a s  g e n e r a t e d  t h e  bulk of 
r e g u l a t i o n s  and t h e  most i n t e r e s t .  There i s  a  
c h a i n  of r e g u l a t i o n  t h a t  e x t e n d s  from t h o s e  who 
g e n e r a t e  hazardous was te  t o  . t h o s e  who t r a n s p o r t .  
s t o r e ,  t r e a t - ,  and d i s p o s e  of  it. However, 
f a c i l i t i e s  t h a t  r e c y c l e  o r  r e u s e  hazardous  w a s t e s  
a r e  exc luded  from t h e s e  r e g u l a t i o n s  f o r  a l l  w a s t e s  
e x c e p t  t h o s e  c o n t a i n i n g  t h e  most hazardous  
m a t e r i a l s .  T h i s  exemption s h o u l d  prov ide  con- 
s i d e r a b l e  i n c e n t i v e  f o r  m a t e r i a l  r e c o v e r y ,  b u t  
because of  t h e  l e n g t h  (hundreds of  pages)  of t h e  
hazardous-was te  r e g u l a t i o n s  and t h e i r .  complex i ty ,  
many people  ( i n c l u d i n g  some waste-exchange 
o p e r a t o r s )  a r e  no t  aware of  i t .  However, t r a n s -  
p o r t  and s t o r a g e  o f ,  t h e  p a r t i c u l a r l y  hazardous 
m a t e r i a l s  i s  s t i l l  r e g u l a t e d .  (See p. 33120 
4261.6 i n  Ref. 4  f o r  t h e  e x a c t  r e g u l a t i o n s  t h a t  
a p p l y  

Hazardous was te  i s  d e f i n e d  i n  RCRA t o  be "a 
s o l i d  w a s t e ,  o r  combinat ion of s o l i d  w a s t e s ,  which 
because of i t s  q u a n t i t y ,  c o n c e n t r a t i o n ,  o r  
p h y s i c a l ,  chemica l ,  ' o r  i n f e c t i o u s  c h a r a c t e r i s t i c s  
may: 

(A) cause ,  o r  s i g n i f i c a n t l y  c o n t r i b u t e  
t o ,  a n  i n c r e a s e  i n  m o r t a l i t y  o r  a n  
i n c r e a s e  i n  s e r i o u s  i r r e v e r s i b l e ,  
o r  i n c a p a c i t a t i n g  r e v e r s i b l e ,  ill- 
n e s s ;  o r  

(B) pose a  s u b s t a n t i a l  p r e s e n t  o r  
p o t e n t i a l  hazard  t o  human h e a l t h  o r  
t h e  environment  when improper ly  
t r e a t e d ,  s t o r e d ,  t r a n s p o r t e d ,  o r  
d i s p o s  d  o f ,  o r  o t h e r w i s e  man- 
aged. ., 9 

Subsequent  r e g u l a t i o n 8  d e f i n e  . c r i t e r i a  f o r  
determining i f  a was te  is  hazardous and,  i n  
a d d i t i o n ,  l i s t  p a r t i c u l a r l y  hazardous m a t e r i a l s  
f o r  s p e c i a l  c o n s i d e r a t i o n .  These m a t e r i a l s ,  f o r  
which t r a n s p o r t  and s t o r a g e  r e g u l a t i o n s  app ly  even 
i f  t h e  m e t e r i a l s  a r e  t o  be r e u s e d  o r  r e c y c l e d ,  a r e  
l i s t e d  i n  40 CFR P a r t  261 Subpar t  D. S ludges  a r e  



a l s o  
f o u r  
spec1 

r e g u l a t e d .  In  40 CFR P a r t  261 Subpar t  C, 
c r i t e r i a  f o r  i d e n t i f y i n g  hazardous w a s t e s  n o t  
f i c a l l y  l i s t e d  i n  Subpar t  D a r e  d e f i n e d  

p r e c i s e l y .  These a r e  i g n i t a b i l i  t y ,  c o r r o s i v i t y  , 
r e a c t i v i t y ,  and EP t o x i c i t y  . ( t o x i c i t y  de te rmined  
by an e x t r a c t i o n  procedure) .  It h a s  been e s t i -  
mated t h a t  on t h e  o r d e r  o f  20% of  i n d u s t r i a l  
wastes  a r e  hazardous  a c c o r d i n g  t o  t h e s e  d e f i n i -  
t i o n s ,  and many of  them a r e  l i s t e d  a s  a v a i l a b l e  i n  
waste-exchange c a t a l o g s .  The hazardous n a t u r e  of 
these  wastes  i s  e x t r e m e l y  impor tan t  i n  d e t e r m i n i n g  
t h e  b e n e f i t s  of exchanging  them, because t h e  c o s t s  
of r e g u l a t e d  d i s p o s a l ,  s t o r a g e .  and t r e a t m e n t  may 
be avoided by r e c y c l i n g .  S e v e r a l  of  t h e  m a t e r i a l s  
d i scussed  i n  t h e  nex t  s e c t i o n  a r e  hazardous  w a s t e s  
t h a t  can  be economica l ly  recyc led .  

OPPORTUNITIES FOR MATERIALS RECOVERY 
USING A WASTE EXCHANGE 

This  s e c t i o n  p r e s e n t s  examples of m a t e r i a l s  
t h a t ,  though now d i s p o s e d  o f ,  cou ld  be t r a n s f e r r e d  
us ing  a  waste  exchange and r e c y c l e d  f o r  monetary 
and energy sav ings .  F o r  each  c a t e g o r y  l i s t e d  i n  
Table 2, r e l e v a n t  c h a r a c t e r i s t i c s  of t h e  m a t e r i a l s  
a r e  d i s c u s s e d  and a  s i n g l e  example of a  l i s t e d  
m a t e r i a l  is chosen f o r  more d e t a i l e d  examina- 
t ion .  P o s s i b l e  methods f o r  r e c y c l i n g  o r  r e u s i n g  
t h e  waste  m a t e r i a l  a r e  s u g g e s t e d  and compared w i t h  
c u r r e n t  d i s p o s a l  a l t e r n a t i v e s  w i t h  r e s p e c t  t o  c o s t  
and energy sav ings .  Impediments and i n c e n t i v e s  t o  
exchange of t h e  s p e c i f i c  m a t e r i a l s  a r e  noted. 

S e v e r a l  impediments common t o  t h e  exchange o f  
waste  m a t e r i a l s  can be i d e n t i f i e d .  Once a  buyer  
f o r  a  l i s t e d  m a t e r i a l  i s  l o c a t e d .  t h e r e  a r e  some 
f i x e d  c o s t s  t h a t  a u s t  be borne by Llte cul~lpenice 
involved i n  a n  exchange. These i n c l u d e  c o s t s  
r e l a t e d  t o  p r i c e  n e g o t i a t i o n s ,  a r rangements  f o r  
t r a n s p o r t ,  m a t e r i a l  t e s t i n g ,  and any equipment 
adjustment8 or luod i f ica t iono  needed t o  hnndle t h e  
m a t e r i a l .  These c o s t s  may be s m a l l  on a  per-pound 
b a s i s  when l a r g e  q u a n t i t i e s  of m a t e r i a l  a r e  
exchanged r e g u l a r l y ,  but  they a r e  c o n s i d e r a b l e  f o r  
m a t e r i a l s  a v a i l a b l e  one time o n l y ,  i r r e g u l a r l y ,  o r  
i n  extremely s m a l l  q u a n t i t i e s .  

Catefiy-,,J.: ,,.,,, Aci.d,6 and A l k a l i s .  A  page of t y p i c a l  
em-..-- ... . 
waste-exchange l i s t i n g s  of a c i d s  and a l k a l i s  
a v a i l a b l e  i s  s h m  i n  F i g u r e  4. The most obvious  
c h a r a c t e r i s t i c  of  t h e s e  l i e t i n g s  i s  t h c i r  
d i v e r s i t y .  Each i n c l u d e s  a  d i f f e r e n t  r e a g e n t  w i t h  
d i f f e r e n t  i m p u r i t i e s , ,  and r e a g e n t  c o n c e n t r a t i o n s  
range from 6% t o  80%. The nex t  impor tan t  charac-  
t e r i s t i c  is t h a t  most of  t h e  w a s t e s  a 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 ,  g e n e r a l l y  t e n s  of thousands 

of g a l l o n s  p e r  month, i n c r e a s i n g  t h e  chances f o r  
economica l  t r e a t m e n t .  The f i n a l  c h a r a c t e r i s t i c  i s  
t h a t  many of t h e  w a s t e s  a r e  hazardous under RCRA 
r e g u l a t i o n s  because t h e y  a r e  c o r r o s i v e  (pH < 2  o r  
pH > 12.5). This means t h a t  t h e y  cannot  be d i s -  
posed of  w i t h o u t  p r i o r  t r e a t m e n t ,  such  a s  n e u t r a l -  
i z a t i o n  and p r e c i p i t a t i o n .  The c o s t  of t h i s  
t r e a t m e n t  is  $30-150/t on, i n c l u d i n g  screeri ing and 
s e d i ~ n e n t a t i o n ; ~  t h u s  t h e r e  i s  c o n s i d e r a b l e  
i n c e n t i v e  t o  avo id  d i s p o s a l .  Although s e v e r a l  
f i r m s ,  f o r  i n s t a n c e  t h e  S t a u f f e r  Chemical Company 
i n  Mar t inez ,  C a l i f o r n i a ,  r e c y c l e  a c i d s  commerci- 
a l l y ,  l a r g e  volumes of a c i d s  and a l k a l i s  a r e  s t i l l  
a v a i l a b l e  f o r  exchange. One impediment t o  t h e  
r e c y c l i n g  of t h e s e  m a t e r i a l s  i s  t h e i r  high w a t e r  
c o n t e n t ,  which makes t r a n s p o r t  o v e r  long  d i s t a n c e s  
expens ive .  It i s  t h e r e f o r e  p l a u s i b l e  t h a t  a  
c e n t r a l  r e g i o n a l  r e c y c l i n g  f a c i l i t y ,  perhaps  
s p e c i a l i z i n g  i n  one t y p e  of  was te ,  such  a s  s p e n t  
h y d r o f l u o r i c  a c i d  (HF) from p r i n t e d  c i r c u i t  
e t c h i n g ,  would be most s u c c e s s f u l .  

The s p e c i f i c  m a t e r i a l  from ' t h e  a c i d  and 
a l k a l i  c a t e g o r y  chosen f o r  more d e t a i l e d  examina- 
t i o n  is s u l f u r i c  a c i d  (H2S04). Large volumes of 
s u l f u r i c  a I d  a r e  produce% a n n u a l l y  i n  t h e  U.S. 6 
(42.2 x  10 t o n s  i n  1978) a n d ,  a l t h o u g h  over  60% 
i s  c o n s t ~ n r d  i n  phosphor ic  a c i d  p r o d u c t i o n ,  on t h e  
o r d e r  of 10% i s  used and s p e n t  i n  c l e a n i n g ,  
 plati in^. and copper  l e a c h i n g  and a s  a  c a t a l y s t .  
The 15-40% H2S04 l i s t e d  a s  Code A-118 i n  Fig. 4  i s  
t y p i c a l  of many waste-exchange l i s t i n g s  of a v a i l -  
a b l e  a c i d .  The m a t e r i a l  i s  hazardous because i t  
h a s  a  pH below 2. S e v e r a l  p o s s i b i l i t i e s  a r e  
a v 3 i l a b l e  f o r  r e c y c l i n g  i t .  The f i r s t  of t h e s e  i s  
p u r i f i c a t i o n  and r e c o n c e n t r a t i o n  t o  Pecycle LIle 

s p e n t  a c i d  t o  i t s  o r i g i n a l  use. It is ea t in ra ted  
t h a t  r e c o n c e n t r a t i o n  of H2S04 from 88% t o  99% c o s t  
about  $6O/ton i n  1979, about  10% more t h a n  t h e  
c o s t  of v i r g i n  ac id .  In  addition, thh p r o c e s s  
was r e p o r t e d  t o  be energy  i n t e n s i v e ;  t h e  energy  
requirement  is c a l c u l a t e d  t o  be 0.6 x  lo6 B t u / t o n  
w i t h  no h e a t  recovery ,  a  d  v i r g i n  a c i d  r e q u i r e s  

6  # only  0.8 x  10 ~ t u / t o n .  T h e r e f o r e ,  reconcen- 
t r a t i o n  a p p e a r s  t o  be j u s t i f i e d  p r i m a r i l y  t o  avo id  
d i s p o s a l  c o s t s .  The S t a u f f e r  p l a n t  i n  C a l i f o r n i a  
i r  r e p n r t e d  t o  be r e g e n e r a t i n g  H2SOb by u s i n g  a  

t h e  ma1 r e a c t i o n  t o  b reak  i t  down and r e f o r m u l a t e  5 
it. The company a p p a r e n t l y  f i n d s  t h e  p r o c e s s  
economically a t t r a c t i v e .  

Another p o s s i b l e  use  f o r  s p e n t  a c i d  is a s  a  
replacement  f o r  v i r g i n  a c i d  i n  p r o c e s s e s  t h a t  
r e q u i r e  l e s s - c o n c e n t r a t e d  o r  l ess -pure  ac id .  



Lead-acid s t o r a g e  b a t t e r i e s  r e q u i r e  a  weight  
c o n c e n t r a t i o n  of only 36%. Thus, t h e  most concen- 
t r a t e d  p a r t  of t h e  example s t r e a m  ( 4 0 % .  H2S04) 
could p o s s i b l y  be u s e d  i n  b a t t e r i e s  a f t e r  
f i l t r a t i o n  of  t h e  suspended sand. Cost  of t h i s  
t rea tment  would be l e s s  t h a n  t h e  avo ided  d i s p o s a l  
cos t .  The v a l u e  of  40% H2SO4 i s  n a b o u t  1 5 f i g a l  

(about  $35/ ton)  on t h e  E a s t  c o a s t ?  s o  t h e  s t r e a m  
should be worth up t o  $15,000 a  month. Note,  
however, t h a t  t h i s  d i s c u s s i o n  assumes t h e r e  a r e  no 
troublesome contaminants  i n  t h e  a c i d  t h a t  would be 
d i f f i c u l t  t o  remove and would lower t h e  r e s a l e  
value. Waste-exchange l i s t i n g s  may no t  c o n t a i n  
s u f f i c i e n t  i n f o r m a t i o n  on m a t e r i a l  compos i t ion  f o r  
a l l  end-users  t o  be c e r t a i n  of  t h e  m a t e r i a l ' s  
u s e f u l n e s s  and should  i n  many, c a s e s  be supple -  
mented w i t h  more p r e c i s e  d a t a  from t h e  g e n e r a t o r .  

Waste s t r e a m s  w i t h  h i g h e r  c o n c e n t r a t i o n s  of 
a c i d  (more t h a n  65%) c a n  be used  t o  produce 
superphospha te  f e r t i l i z e r s .  I n  c a s e s  where t h e  
H2S04 i s  t o o  d i l u t e  o r  i s  o t h e r w i s e  u n s u i t a b l e  f o r  
reuse ,  n e u t r a l i z a t i o n  may be necessary .  However, 
t h i s  need n o t  n e c e s s a r i l y  be fo l lowed by d i s p o s a l ,  
because n e u t r a l i z a t i o n  w i t h  lime ( c ~ ( o H ) ~ )  y i e l d s  
gypsum (CaS04), which i s  of low value (about  
$5 / ton)  but  s a l a b l e .  N e u t r a l i z a t i o n  w i t h  sodium 
hydroxide (NaOH) y i e l d s  sodium s u l f a t e  (Na2S04), 
which can be dehydra ted  and used a s  a  d e s s i c a n t .  
It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  c a u s t i c s  used  
t o  n e u t r a l i z e  was te  a c i d  a r e  themse lves  energy 
i n t e n s i v e  (5  x lo6 B t u l t o n  f o r  Ca(OHI2, 25 x lo6 
B t u l t o n  f o r  N ~ O H ) ~  g n d  expens ive  ( $ 3 l / t o n  of CaO. 

$1220/ton of NaOH). T h e r e f o r e ,  o n l y  unrecyc la ,b le  
waotc cnuatia chould be ttanrl fnr t h l ~  purpose. 

Category 2: Organics  and S o l v e n t s .  There a r e  
many l i s t i n g s  i n  t h e  o r g a n i c s  . a n d  s o l v e n t s  
c a t e g o r y  from a l l  of t h e  was te  exchanges. A l a r g e  
v a r i e t y  of msecr io lo  i o  o f f o r e d ,  bu t  t h e y  a l l  have 
one t h i n g  i n  common: t h e y  a r e  combus t ib le  and can 
be burned t o  recover  10,000-20,000 B t u l l b .  Some 
of t h e  m a t e r i a l s ,  i n  p a r t i c u l a r  a r o m a t i c  compounds 
and ha logena ted  o r g a n i c s ,  a r e  l i s t e d  a s  
hazardous. These t h e r e f o r e  cannot  be d i s p o s e d  of  
i n  l a n d f i l l s ,  and t h e i r  s t o r a g e ,  t r a n s p o r t .  and 
i n c i n e r a t i o n  rmst  be accompanied by v a r i o u s  
permi t s ,  m h i f e s t s ,  and l i c e n s e s .  Combustion of 
t h e s e  m a t e r i a l s  i s  a n  a c c e p t a b l e  method of  
d i s p o s a l ,  but  t he  tempera ture  a u e t  be h i g h  e n o ~ g h  
t o  i n s u r e  complete d e s t r u c t i o n ,  and a c i d  g a s e s  ( i n  
p a r t i c u l a r  HC1 from decomposi t ion of  c h l o r i n a t e d  
o r g a n i c s )  aust be removed. Acid g a s  may be 
removed by i n s t a l l i n g  a s c r u b b e r  o r  avo ided  by 

i n c i n e r a t i n g  t h e  w a s t e s  i n  a  cement k i l n .  Cement- 
k i l n  combustion is a c c e p t a b l e  even f o r  such  h i g h l y  
t o x i c  m a t e r i a l s  a s  PCBs ( p o l y c h l o r i n a t e d  b i -  
phenyls ) .  because t h e  combustion tempera ture  i s  
h i g h  and t h e  a l k a l i n e  cement n e u t r a l i z e s  t h e  
HC1. ( T h i s  approach h a s  been endorsed  by t h e  
C a l i f o r n i a  A i r  Resources Board even f o r  PCBs, and 
t h e  S t a t e  of  Ohio endorsed  a s  e n v i r o n m e n t a l l y  
a c c e p t a t l e  a  p l a n t  burn ing  nonhalogenated 
was tes .  ) A d e c i s i o n  concern ing  whether o r  no t  
cement-ki ln combustion is  a c c e p t a b l e  w i l l  be made 
by each  s t a t e .  Combustion i n  a  cement k i  n  is % 
r e p o r t e d  t o  c o s t  $ 5 0 - 7 0 / t o n ; ~  b u t  20-40 x 10 Btu 
a r e  d i s p l a c e d ,  s a v i n g  $30-60/ton i f  t h e  d i s p l a c e d  
energy i s  from c o a l ,  t h e  major f u e l  used i n  cement 
p l a n t s ,  and $60-120/ton i f  i t  i s  from gas. The 
p r o c e s s  is economical  because s u b s t a n t i a l  d i s p o s a l  
c o s t s  a r e  avoided.  High-temperature was te  i n c i n -  
e r a t i o n  is not  economical ,  c o s t i n g  $250-500/ton. . 

The bulk of t h e  waste-exchange l i s t i n g s  i n  
t h i s  c a t e g o r y  a r e  f o r  s o l v e n t s  of  v a r i o u s  t y p e s , .  
most 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 .  Most a r e  n o t  
hazardous o r  a r e  hazardous (flammable) but  n o t ,  
l i s t e d  i n  40 CFR , P a r t  261 Subpar t  D, s o  they a r e  
n o t  r e g u l a t e d  i f  they  a r e  t o  be reused o r  
recyc led .  So lven t  r e c y c l i n g  ( d i s t i l l a t i o n ,  s team 
s t r i p p i n  e x t r a c t i o n )  i s  r e p o r t e d  t o  c o s t  $50- 
1 0 0 / t o n . f ' a n d  t h e  v a l u e  of t h e  s o l v e n t  recovered  
i s  a t  l e a s t  $300/ton,  s o  the .  p r o c e s s  is  econom- 
i c a l .  Many companies ( f o r  example, Sys tech)  a r e  
i n  t h e  b u s i n e s s  of s o l v e n t  r e c y c l i n g ,  and t h e r e :  
a r e  s e v e r a l  l i s t i n g s  i n  waste-exchange c a t a l o g s  
f o r  was te  s o l v e n t s  wanted. However, l a r g e  
r l ~ ~ a n t i t i e s  of e g l v e n t s  a r e  s t i l l  a v a i l a b l e .  f o r  
r e c y c l i n g .  P o s s i b l e  r e a s o n s  f o r  t h i s  a r e  
( a )  con taminants  t h a t  a r e  d i f f i c u l t  t o  remove. 
( b )  h igh  w a t e r  c o n t e n t  t h a t  i n c r e a s e s  t r e a t m e n t ,  
and t r a n s p o r t  c o s t s ,  ( c )  t h e  p resence  of c l o s e - '  
b o i l i n g  compounds t h a t  a r e  d i f f i c u l t  t o  eeparace,. 
and ( d )  t h e  l a c k  of  a  l o c a l  r e c y c l i n g  f a c i l i t y .  

The example chosen f o r  more d e t a i l e d  a n a l y s i s '  
i s  a mix ture  of phenol  and o i l ,  about  4000 l b  o 
which a r e  a v a i l a b l e  d a i l y  i n  Piedmont, N.C. 
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This  m a t e r i a l  was probably  d i sposed  of i n  drums' 
p r i o r  t o  enactment  of RCRA r e g u l a t i o n s ,  but  t h i s  
is no l o n g e r  a n  a c c e p t a b l e  a l t e r n a t i v e  because 
phenol  i s  on t h e  hazardous-waste  l is t  i n  Subpar t  
D. No d a t a  a r e  a v a i l a b l e  on t h e  p r o p o r t i o n s  of 
t h e  two components, s o  t h e  a n a l y s i s  i s  done con-, 
s e r v a t i v e l y ,  f o r  a  90% o i l ,  10% phenol  mixture.  
T h i s  mix ture  can be burned t o  recover  about  
17,500 B t u / l b ,  r e p l a c i n g  . about  $0.11 worth of  



oil. On t h e  o t h e r  hand, t h e  two components can be 
separa ted  by f i r s t  e x t r a c t i n g  t h e  phenol  i n t o  a n  
aqueous a l k a l i n e  s o l u t i o n  and t h e n  s t r i p p i n g  o r  
d i s t i l l i n g  i t  from t h a t  s o l u t i o n .  The a p p r  ximate !? cos t  f o r  t h i s  t r e a t m e n t  i s  $50-100/ on. The 
current  p r i c e  of  phenol  is $0.36/lb, '  s o  a 10% 
phenol s t r e a m  would y i e l d  m a t e r i a l s  wor th  
$0.14/lb, o r  $280/ton.  T h i s  i s  $60/ ton  more t h a n  
the  revenues from combustion. The energy r e q u i r e d  
t o  flIcc2 one pound of  phenol  is about  27,000 
Btu, s o  r e c o v e r i n g  a 10% s o l u t i o n  aves  about  
3,000 Btu i n  p r o c e s s  e n e r g y  (6  x IOg B t u l t o n ) .  
much of i t  i n  t h e  form of  o i l .  Both t h e  revenues 
and t h e  energy  recovered  i n c r e a s e  f o r  h i g h e r  
p ropor t ions  of phenol ,  s o  t h e  s e p a r a t i o n  should  be 
economical. T h i s  p h e n o l / o i l  mix ture  . may be  
unrecovered because  o n l y  4000 l b / d a y  (about  
500 ga l /day)  a r e  a v a i l a b l e ,  and this may be t o o  
small  a q u a n t i t y  t o  j u s t i f y  t h e  c a p i t a l  expendi-  
t u r e  f o r  s e p a r a t i o n  equipment. I n  t h i s  cas'e, a 
s p e c i a l i z e d  r e c y c l i n g  f a c i l i t y  would be r e q u i r e d  
locally: 

Category 3: M e t a l s  and Metal-Containing Sludges.  
Metals and meta l -con ta in ing  s l u d g e s  m a t e r i a l s  a r e  
not flammable, and,  e x c e p t  f o r  c o n c e n t r a t e d  a c i d  
s o l u t i o n s  and c e r t a i n  w a s t e s  c o n t a i n i n g  heavy 
metals l i k e  l e a d  and cadmium, a r e  no t  hazardous.  
In  a t y p i c a l  c a t a l o g ,  t h e r e  a r e  numerous a c i d  
s o l u t i o n s  l i s t e d  (from e l e c t r o p l a t i n g  and' c l e a n i n g  
processes )  t h a t  c o n t a i n  s m a l l  q u a n t i t i e s  of meta l .  
and t h e r e  a r e  o f t e n  many s l u d g e s  l i s t e d .  There 
may a l s o  be some l i s t i n g s  of s u r p l u s  meta l s  and 
sc rap  ' t h a t  have e s t a b l i s h e d  markets. The a c i d  

' s o l u t i o n s  can o f t e n  be c l e a n e d  and r e c o n c e n t r a t e d  
with known technology.  Many of  t h e  l i s t e d  was tes  
contain meta l s  i n  h i g h e r  c o n c e n t r a t i o n s  t h a n  t h e  
concent ra t ions  i n  o r e s  c u r r e n t l y  be ing  mined. and 
could be t r e a t e d  an o r e s .  llowever, the  q u a n e i e i c a  
of waste a r e  o f t e n  t o o  small t o  j u s t i f y  a 
f a c i l i t y ;  t h e r e f o r e  e i t h e r  a c e n t r a l  p l a n t  o r  
t r a n s p o r t  t o  a pr imary metal-producing p l a n t  i s  
needed. 

The example chosen i n  t h i s  ca tegory  is  a 
copper oxide (CuO) s l u d g e  c o n t a i n i n g  6 4 %  Cu and 
80% moisture. It i s  no t  c l a s s i f i e d  a s  hazard-  
ous. The o t h e r  c o n s t i t u e n t s  a r e  u n s p e c i f i e d  and 
a r e  presumably n e i t h e r  v a l u a b l e  n o r  prohtemattc .  
The s ludge can be dewatered ,  l e a v i n g  a s o l i d  
con ta in ing  30-40% copper  (a  t y p i c a l  o r e  concen- 
t r a t i o n .  i s  0.6%). The s o l i d  cou ld  probably be  
charged t o  t h e  c o n v e r t e r  of a c o n v e n t i o n a l  copper  
Smelter. where i t  would be reduced t o  copper  
metal. The energy saved  would be approximately 

6 60 x 10 Btu/ ton of d i s p l a c e d  copper  from o r e .  o r  

a b o u t  5 x lob B t u / t o n  o f  s l u d g e  processed.  The 
v a l u e  ' of t h e  copper  is  $0.78/1b,13 o r  a b o u t  
$ l l O / t o n  o f  s l u d g e ,  and t h e  m a r g i n a l  c o s t  of  
i n c r e a s e d  charge  t o  t h e  c o n v e r t e r  would be low. 
The major impediment t o  r e c y c l i n g  t h i s  w a s t e  
s t r e a m  i s  t h a t  o n l y  a s m a l l  q u a n t i t y  (50-75 t o n s )  
i s  a v a i l a b l e  annua l ly .  T o t a l  a n n u a l  revenue from 
copper  r e c o v e r y  would be  o n l y  a b o u t  $6000. 

Category 4: M i n e r a l s ,  I n c l u d i n g  G l a s s  and Sand. 
Examples o f  m i n e r a l s  a v a i l a b l e  a r e  shown i n  F i g u r e  
5 ,  reproduced from Ref. 14. There  a r e  no t  many 
listings; most of t h e  m a t e r i a l s  o f f e r e d  a r e  o f  . 

e x t r e m e l y  low v a l u e  and a 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 .  T h e i r  p r o d u c t i o n  i s  g e n e r a l l y  n o t  
energy  i n t e n s i v e .  The m a t e r i a l s  a r e  n e i t h e r  
combus t ib le  n o r  hazardous ,  s o  d i s p o s a l  i n  l and-  
f i l l s  is  p o s s i b l e .  Because of  t h e  m a t e r i a l s '  lw 
v a l u e ,  t r a n s p o r t  does n o t  pay; however, i f  a l o c a l  
u s e r  can be found, d i s p o s a l  . c o s t s  can  be a v o i d e d  
and e n e r g y  that would have been used  t o  mine t h e  
m a t e r i a l  d i s p l a c e d  c a n  be saved. Waste exchanges 
a r e  a n  a p p r o p r i a t e  medium by which t o  f i n d  l o c a l  
customers f o r  t h e s e  m a t e r i a l s .  

S e v e r a l  of  t h e  m a t e r i a l s  l i s t e d  a r e  n o t  
o b v i o u s l y  u s e f u l  o r  r e c y c l a b l e  - f o r  example, 
g l a s s  c u l l e t  w i t h  ce ramic  i n k s ,  c h i n a  p i e c e s ,  and  
a mix ture  o f  sand,  mica, and f e l d s p a r .  Perhaps  
t h e s e  cou ld  be used  a s  s o i l  c o n d i t i o n e r s  o r  
f i l t r a t i o n  media; t e s t i n g  would be needed t o  
de te rmine  t h e  u s e f u l n e s s  of  e a c h  was te  m i t e r i a l .  

The chosen example i n  t h i s  c a t e g o r y  l a  
137,000 l b  of  sand ,  a v a i l a b l e  monthly. Mining and  

6 t r a n s p o r t  of  sand r e q u i r e s  adout  1 x 10 Btu / ton .  
some of which could  be  saved  by u s i n g  this w a s t e  
m a t e r i a l .  I f  t h e  energy  saved were from o i l ,  i t  
would be wor th  a b o u t  $400/month. P o s s i b l e  
customers i n c l u d e  cement- o r  g l a s s - m a n u f a c t u r i n g  
companies. The was te  s a n d ' s  a c t u a l  u s e f u l n e s s  
w i l l  of  c o u r s e  depend on  i t s  g r a i n  e i z e  and 
p u r i t y .  

Category 5: O i l s ,  F a t s ,  and Waxes. Most of t h e  
a v a i l a b l e  was tes  i n  t h e  c a t e g o r y  of o i l s ,  f a t s ,  
and waxes a r e  l u b r i c a t i n g  o r  h y d r a u l i c  o i l s ;  a l l  
a r e  combus t ib le ,  w i t h  h e a t s  of  combustion a b o u t  
19.000 Btu/ lb. ,  Some a r e  hazardous  because of  h i g h  
a r o m a t i c s  c o n t e n t  o r ,  a s  i s  . o f t e n  t h e  c a s e  w i t h  
used  au tomot ive  l u b r i c a t i n g  o i l ,  h i g h  l e a d  
c o n t e n t .  T h i s  means t h a t  t h e  c u r r e n t  p r a c t i c e  of  
s p r e a d i n g  this m a t e r i a l  on roads  cannot  be con- 
t inued .  Most t y p i c a l  l i s t i n g s  a r e  f o r  r e l a t i v e l y  
s m a l l  q u a n t i t i e s  of  m a t e r i a l ,  s o  a c e n t r a l  
f a c i l i t y  f o r  t r e a t i n g  waetee from many sourcea  i s  



a p p r o p r i a t e .  .An economical  means f o r  c o l l e c t i n g  
such  d i s p e r s e d  commodities needs t o  be developed. 

Used l u b r i c a t i n g  o i l s  vill be examined i n  
more d e t a i l .  I n  some c a s e s ,  e x t e n s i v e  p r o c e s s i n g  
may not  be n e c e s s a r y  t o  reclaim t h i s  m a t e r i a l ;  o i l  
and w a t e r  s e p a r a t i o n  and s e d i m e n t a t i o n  and 
f i l t r a t i o n  may be a l l  t h a t  is  r e q u i r e d  t o  remove 
contaminants .  The used  o i l  can t h e n  be burned a s  
a f u e l .  r e p l a c i n g  v i r g i n  o i l  valued a t  $O.l l / lb .  
A l t e r n a t i v e l y ,  more e x t e n s i v e  t r e a t m e n t  of " lube" 
o i l s  can be used t o  r e f i n e  them a g a i n  ( o r  "re- 
r e f i n e "  them) i n t o  a replacement  f o r  v i r g i n  lube- 
o i l  base  s t o c k  va lued  a t  $1.12/gal ,  o r  about  
$0.17/lb. Table  3 a d a p t e d  from Ref. 15, compares 
t h e  economics of  p r o c e s s i n g  used  o i l s  f o r  f u e l  and 
of r e - r e f i n i n g  by t h e  s o l v e n t / d i s t i l l a t i o n  p r o c e s s  
developed a t  t h e  Department of  Energy 's  B a r t l e s -  
v i l l e  Energy Technology Cente r  (BETC). The re- 
r e f i n i n g  p r o c e s s  h a s  h i g h e r  c o s t s  and h i g h e r  
revenues ,  bu t  s a l e  a s  f u e l  h a s  a h i g h e r  r e t u r n  on 
inves tment .  F u t u r e  regu ' la tory d e c i s i o n s  w i l l  
i n f l u e n c e  b u s i n e s s e s '  c h o i c e  of market f o r  used 
01 1. 

Combustion r e c o v e r s  only t h e  o i l ' s  h e a t  of 
combustion. Re- re f in ing  by t h e  BETC s o l v e n t /  
d i s t i l l a t i o n  p r o c e s s  r e q u i r e s  2500 ~ t u / l b ,  l 5  and 
t h e  r e f i n e d  produc t  r e p l a c e s  v i r g i n  l u b r i c a t i n g  
o i l s  t h a t  have a p r o c e s s  energy requirement  of 
8000 ~ t u 1 l b . l ~  t h u s  d i s p l a c i n g  p r o c e s s i n g  energy  
of 5500 B t u / l b  each  t ime i t  is  recycled.  When i t  
can no l o n g e r  be r e f i n e d ,  i t  is  s t i l l  a v a i l a b l e  
f o r  combustion. It i s  e s t i m a t e d  t h a t  r e - r e f i n i n g  
of used c rankcase  o i l s  a one could  save  43-76 x h 
l 0 l 2  B t u / y r ,  o r  7-12 x 10 b b l I y r  of o i l  more t h a n  
combustion c o u l d  save .  l5 

Category 6: Food P r o c e s s i n g  Wastes. Few food 
p r o c e s s i n g  w a s t e s  a t e  a v a i l a b l e .  Nur~o ' o f  t h e  
m a t e r i a l s  is hazardous. T h e i r  v a l u e  i s  low. and 
s o  t r a n s p o r t  o v e r  l a r g e  d i s t a n c e s  (more t h a n  
25 m i l e s )  does no t  pay. T y p i c a l l y ,  t h e r e  a r e  
l i s t i n g s  of was tes  of  bo th  an imal  and v e g e t a b l e  
o r i g i n ,  bu t  t h e  l a t t e r  predominate. These 
m a t e r i a l 8  a r e  a l l  combus t ib le ,  but  t h e y  a r e  
g e n e r a l l y  wet ,  s o  t h e  h e a t  of combustion is  only  
about  5000 ~ t u l l b .  D i r e c t  combustion i s  f e a s i b l e  
i n  some o l d  b o i l e r s ,  and b ioconvers ion  i s  p o s s i b l e  
u s i n g  f e r m e n t a t i o n  and a n a e r o b i c  d i g e s t i 6 n .  
Thermal p r o c e s s e s  . f o r  g a s i f i c a t i o n  and l i q u e -  
f a c t i o n  a r e  a l s o  known. 

The example chosen was l i s t e d  i n  t h e  June 
1981 b u l l e t i n  of  t h e  'Oregon I n d u s t r i a l  Waste 

I n f o r m a t i o n  Exchange. The was te  m a t e r i a l  i s  s t e e r  
and cow manure from t h e  paunches of  s l a u g h t e r e d  
a n i m a l s ,  a v a i l a b l e  i n  bulk year-round on a r e g u l a r  
b a s i s .  The q u a n t i t y  is u n s p e c i f i e d .  Anaerobic  
d i g e s t i o n  i s  s u g g e s t e d  f o r  t h i s  m a t e r i a l ,  even i f  
t h e  q u a n t i t y  is  lw,  because t h e  technology i s  
s imple  and c a p i t a l  c o s t s  a r e  low. T o t a l  c o s t  of 
t h e  p r o c e s s  i s  a b o u t  $8-9/106 Btu, o r  $16- l8 / ton  
of manure (assuming 20% o v e r a l l  gas  y i e l d ) .  The 
va lue  of  t h e  g a s  d i s p l a c e d  is  about  $ 3 1 1 0 ~  B ~ U ,  o r  
$ 6 / t o n  of  manure, and t h e  s l u d g e  can be s o l d  a s  
low-value f e r t i l i z e r .  The p r o c e s s  i s  t h e r e f o r e  
economical  i f  d i s p o s a l  c o s t s  of g r e a t e r  t h a n  
$10/ t  n a r e  avo ided  o r  i f  gas  p r i c e s  r i s e  t o  8 $8110 Btu. 

Category 7: Paper  and Wood. T y p i c a l l y ,  t h e  p a p e r  
and wood was tes  a v a i l a b l e  a r e  uniform i n  chemica l  
compos i t ion  and c o u l d  be burned a s  f u e l  i f  no 
p o s s i b i l i t y  e x i s t e d  f o r  r e c y c l i n g .  The h e a t  o f  
combustion i s  8000 ~ t u / l b  ( d r y ) ,  s o  e a c h  t o n  
burned, d i s p l a c e s  $24 worth of  coa l .  However, 
t h e s e  : m a t e r i a l s  can  on ly  be burned i n  c e r t a i n  
b o i l e r s  equipped t o  h a n d l e  u n t r e a t e d  s o l i d  
fuels . ;  I n  a d d i t i o n ,  w i t h  wood s e l l i n g  a t  $30/ ton.  
i t  does n o t  pay t o  t r a n s p o r t  i t  over  l a r g e  
d i s t a n c e s .  Paper  r e c y c l i n g  i s  a w e l l - e s t a b l i s h e d  
i n d u s t r y ,  but c o l l e c t i o n  and t r a n s p o r t  of s m a l l  
q u a n t i t i e s  of was te  t o  a l a r g e  c e n t r a l  f a c i l i t y  
may n o t  be economical.  T h i s  i s  a f r e q u e n t  impedi- 
ment t o  r e c y c l i n g  o f  w a s t e  m a t e r i a l s .  

The example chosen f o r  t h i s  c a t e g o r y  i s  
250 tons/month of sawdust  .and shav ings ,  a v a i l a b l e  
i n  Tennessee. This  example i s  t y p i c a l  i n  t h a t  t h e  
q u a n t i t y  of  m a t e r i a l  a v a i l a b l e  i s  e x t r e m e l y  
smal l .  This m a t e r i a l  would be a n  e x c e l l e n t  f e e d  
f o r  paper  manufactu e ,  and e a c h  t o n  would save  on f the.  o r d e r  of  2 x 1 0  Btu i n  p r o c e s s i n g  energy  used  
t o  reduce wood t o  a s m a l l  p a r t i c l e  s i z e ,  p l u s  t h e  
energy  r e q u i r e d  t o  grow t h e  t r e e s  d i s p l a c e d .  The 
m a t e r i a l  cou ld  a l s o  be used i n  p a r t i c l e - b o a r d  
manufacture,  w i t h  s i m i l a r  e n e r g y  sav ings .  

Category 8: P l a s t i c s  and Rubber. F i g u r e ,  12 shows 
examples of p l a s t i c s  and r u b b e r  a v a i l a b l e  from one 
w a s t e  exchange. They s h a r e  two i m p o r t a n t  charac-  
t e r i s t i c s :  they  a r e  nonhazardous and they  a r e  
combus t ib le ,  v i t h  h e a t i n g  v a l u e s  up t o  20,000 
Btu/ lb.  Therefore ,  i f  no higher-value use  i s  
found, ,  t h e s e  m a t e r i a l s  can be burned; e a c h  t o n  
r e p l a c e s  $40-60 worth of  c o a l .  An e x c e p t i o n  i s  
p o l y v i n y l  c h l o r i d e  (PVC), a t o n  of  which r e p l a c e s  
o n l y  $25 worth of  c o a l .  On combustion, PVC 



r e l e a s e s  HCl gas ;  i f  t h e  m a t e r i a l  burned c o n t a i n s  
more than a f w  p e r c e n t  PVC, t h e  HC1 rmst  be  
scrubbed from t h e  s t a c k  gas. PVC can  be burned i n  
cement k i l n s  o r  f l u i d i z e d - b e d  combustors  w i t h  
a l k a l i n e  media, a s  can  a l l  c h l o r i n a t e d  o r g a n i c s ,  
t o  e l i m i n a t e  HC1 emiss ions .  

Thermoplas t ic  s c r a p  of a s i n g l e  m a t e r i a l  can  
o f t e n  be r e c y c l e d  back t o  t h e  same m a t e r i a l  i f  i t  

i s  c l e a n  o r  can be cleaned.  R e c y c l i n g  can  be done 
in-house o r  by commercial s c r a p  d e a l e r s  and 
processors .  The c o s t s  of t h i s  t y p e  of  r e c y c l i n g  
a r e  low, and t h e  r e c y c l e d  m a t e r i a l  can u s u a l l y  be 
s o l d  f o r  a b o u t  h a l f  t h e  p r i c e  o f  v i r g i n  
mater ial .  Almost a l l  of  t h e  approximate ly  35,000 
Btu / lb  (mostly o i l  and g a s )  r e q u i r e d  t o  make t h e s e  
p l a s t i c s  is  recovered  i n  ' t h e  ' r e c y c l i n g  process .  
In  s p i t e  of t h e  advantages  of r e c y c l i n g ,  numerous 
l i s t i n g s  of single-component p l a s t i c  m a t e r i a l s  
appear  i n  waste-exchange c a t a l o g s .  Of c o u r s e ,  
some p l a s t i c s  a r e  c o l o r e d  o r  o t h e r w i s e  contamin- 
a t e d ,  d e c r e a s i n g  t h e i r  v a l u e  a s  r e c y c l a b l e  
thermoplas t ics .  

Although technology e x i s t s  f o r  p l a s t i c s  
s e p a r a t i o n ,  mixed t h e r m o p l a s t i c  s t r e a m s  cannot  
g e n e r a l l y  be s e p a r a t e d  economical ly.  With new 
m a t e r i a l  o f t e n  c o s t i n g  o n l y  about  $0.40/ lb,  
s e p a r a t i o n  does n o t  pay, even though energy 
sav ings  from r e u s e  a r e  s u b s t a n t i a l .  More r e s e a r c h  
needs t o  be done t o  f i n d  a n  economical  means of  
s e p a r a t i n g  mixed o r  contaminated p l a s t i c s .  

The example chosen i n  t h i s  c a t e g o r y  i s  100 
tone a menth of olonn rubber  c.hfps from autornnt ive 
b a t t e r i e s ,  a v a i l a b l e  i n  t h e  Midwest. Most 
automotive b a t t e r y  c a s e s  a r e  now made of poly- 
propylene, but  hard rubber  is s t i l l  used  f o r  
heavy-duty v e h i c l e  and i n d u s t r i a l  b a t t e r y  cases .  
This  m e t e r i a l  can be t r e a t e d  i n  t h e  same way a s  
d i scarded  t i r e s ;  t e c h n o l o g i e s  a r e  d e s c r i b e d  i n  
more d e t a i l  i n  Ref. 17, and impediments a r e  
d i scussed  i n  Ref. 18. The q u a n t i t y  a v a i l a b l e  i s  
t o o  s m a l l  t o  j u s t i f y  a d e d i c a t e d  t r e a t m e n t  
f a c i l i t y .  T h i s  was te  s t r e a m  h a s  a h e a t  of 
Combustion of 15,000 B t u / l b ,  and one t o n  could  be 
c o f i r e d  w i t h  c e a l  i n  n s t o k e r - f i r e d  b o l l e r  t n  
d i s p l a c e  $45 worth of coal .  The marg ina l  c o s t  i s  
extremely low, because t h e  b a t t e r y  c a s e s  a r e  
chipped a l r e a d y  and they  rmst  be t r a n s p o r t e d  even 
f o r  d i s p o s a l .  The energy d i s p l a c e d  i s  valued a t  
about $0.023/lb, o r  $4,60O/month. A l t e r n a t i v e l y ,  
t h e  m a t e r i a l  could be pyro lyzed ,  a s  could any of 
t h e  m a t e r i a l s  i n  t h i s  ca tegory .  However, t h e  
Process  i s  on ly  economical  on a l a r g e  s c a l e ,  and 

t h e r e f o r e  many s u p p l i e r s  would be  needed t o  make 
it pay. This  i s  a n  impediment t o  c o n s t r u c t i o n  o f  
a p y r o l y s i s  p l a n t .  Net p r o d u c t s .  from t h e  
p y r o l y s i s  of  rubber  a r e  o i l  (up t o  0.6 l b / l b  
i n p u t )  and char. Toge ther  t h e s e  a r e  va lued  a t  
about  $0.12/ lb of  i n p u t  i f  t h e  c h a r  can be u s e d  
t o  r e p l a c e  carbon b l a c k ,  and t h e y  c o s t  $0.08 t o  
produce. M a t e r i a l s  r e q u i r i n g  up  t o  23,000 Btu c a n  
be d i s p l a c e d  by e a c h  pound of rubber  pyrolyzed. 
Note, however, t h a t  t h e  f a v o r a b l e  economics and  
energy  ba lance  depend on t h e  s u i t a b i l i t y  of t h e  
c h a r  p roduc t  t o  d i s p l a c e  carbon b l a c k ,  and t h i s  is 
s t i l l  under  d i s p u t e .  

S t i l l  a n o t h e r  p o s s i b i l i t y  f o r  t h i s  m a t e r i a l  
is t o  f u r t h e r  reduce i t s  s i z e  c r y o g e n i c a l l y  o r  by 
t h e  Gould mechanical  p r o c e s s  and u s e  i t  a s  a n  
e x t e n d e r  f o r  t h e  o r i g i n a l  compound. The c o s t  t o  
f r e e z e  t h i s  m a t e r i a l  w i t h  l i q u i d  n i t r o g e n  (LN2) 
and g r i n d  i t  i n  a hammermill i s  l e s s  t h a n  
$0.05/lb, and m a t e r i a l  c o s t i n g  $0.50/lb i s  
d i s p l a c e d .  The energy  t o  f r e e z e  and g r i n d  t h e  
m a t e r i a l ,  i n c l u d i n g  t h e  energy t o  produce t h e  LN2. 
i s  about  1,500 B t u / l b ,  and t h i s  d i s p l a c e s  38,300 
B t u / l b  t h a t  would have been r e q u i r e d  t o  make new 
rubber .  Thus t h e  p r o c e s s  l o o k s  good on bo th  
energy  and f i n a n c i a l  grounds. 

Another  a t t r a c t i v e  p o s s i b l e  use  f o r  was te  
b a t t e r y  c h i p s  is a s  a replacement  f o r  some of  t h e  
a s p h a l t  i n  pavement. The mix ture  known a s  
a s p h a l t - r u b b e r  l a s t s  c o n s i d e r a b l y  l o n g e r  t h a n  
c o n v e n t i o n a l  a s p h a l t .  I f  a 25% rubber  mix l a s t s  
twice  a s  l o n g  a s  o r d i n a r y  a s p h a l t ,  e a c h  pound o f  
rlthher d i s p l a c e s  5 Ib of a s p h a l t  a t  $0.056/lb, f o r  
a t o t a l  v a l u e  of $0.28. Savings i n  l a b o r  from n o t  
having t o  r e s u r f a c e  a s  f r e q u e n t l y  more t h a n  o f f s e t  
t h e  s m a l l  a d d i t i o n a l '  f i r s t  c o s t  of  u s i n g  a s p h a l t -  
rubber .  The a s p h a l t  d i s p l a c e d  h a s  a h e a t i n g  v a l u e  
o f  90,000 Btu p e r  l b  o f  rubber  used. However, a '  
major impediment t o  t h e  u s e  of  a s p h a l t - r u b b e r  i s  
t h a t  highway o f f i c i a l s  do no t  a lways c o n s i d e r  
l i f e - c y c l e  c o s t s  when d e c i d i n g  on road s u r f a c e  
m a t e r i a l s ,  e s p e c i a l l y  i f  t h e y  a r e  s h o r t  of  c a p i t a l  
because of s h r i n k i n g  g a s o l i n e - t a x  revenues.  I n  
a d d i t i o n ,  f u r t h e r  s t u d y  i s  needed t o  document t h e  
per f  o r m n c e  of aaphalt-rl.rbher. 

Category 9:  Spent C a t a l y s t s .  There a r e  v e r y  few 
l i s t i n g s  of s p e n t  c a t a l y s t s  i n  any o f  t h e  
b u l l e t i n s ,  probably because of t h e  h i g h  v a l u e  o f  
t h e  p r e c i o u s  m e t a l s  c o n t a i n e d  i n  many c a t a l y s t s .  
These a r e  g e n e r a l l y  recovered  e i t h e r  in-house,  by 
t h e  c a t a l y s t  manufac ture r ,  o r  by a s p e c i a l i z e d  
f i rm.  A p p r o p r i a t e  buyere f o r  s p e n t  c a t a l y s t s  c a n  



probably  be found by c o n s u l t i n g  t h e  Thomas 
r e g i s t e r ; 1 9  however, i f  no buyer  c a n  be  l o c a t e d ,  
o r  t h e  m a t e r i a l s  d o  n o t  meet s p e c i f i c a t i o n s ,  t h e y  
may be o f f e r e d  th rough  a  w a s t e  exchange. 

Category 11: I n o r g a n i c  Chemicals.  There a r e  many 
l i s t i n g s  of i n o r g a n i c  chemica l s ,  w i t h  a  t remendous 
v a r i e t y  of m a t e r i a l e  o f f e r e d  i n  v a r i o u s  q u a n t i -  
ties. Some of  t h e  w a s t e s  are v a l u a b l e ,  o t h e r s  a r e  
wor th less .  Some a r e  harmless ,  and o t h e r s ,  such  a s  
cyan ide  s l u d g e ,  a r e  ex t remely  hazardous.  Many of  
t h e  o f f e r i n g s  a r e  f o r  s l u d g e s ,  and v a l u a b l e  
m a t e r i a l e  cou ld  be rec la imed  i f  a n  economica l  
t echnology  were deve loped  f o r  recovery  of  
m a t e r i a l s  from eludge.  

One c a t a l y s t  t h a t  d i d  f i n d  i t s  way o n t o  a  
waste-exchange l i s t i n g  i s  .110 g a l / y e a r  of 25% 
pa l lad ium (Pd),  25% h y d r o c h l o r i c  a c i d  c a t a l y s t .  
I n s u f f i c i e n t  i n f o r m a t i o n  was g i v e n  on t h e  chemica l  
c o q o s i t i o n  t o  be c e r t a i n  o f  a p p r o p r i a t e  t r e a t -  
ment. Presumably, t h e  o t h e r  50% i s  w a t e r  and t h e  
m a t e r i a l  i s  n o t  '25% Pd, bu t  25% of  Pd on alumina 
o r  z e o l i t e  suppor t .  T h i s  is  a  t y p i c a l  hydro- 
c r a c k i n g  c a t a l y s t .  and c o s t  $10-l.5Ilb i n  197gm7 
T h e r e f o r e ,  m a t e r i a l  wor th  $3,000 o r  . re  cou ld  be 
recovered  from t h e  s m a l l  q u a n t i t :  of s p e n t  
c a t a l y s t  l i s t e d  f o r  exchange i f  i t  found i t s  way 
t o  a  f i r m  handl ing  t h i s  t y p e  of  was te .  , 

j 
Category 10: T e x t i l e s ,  Fur ,  and Lea ther .  Tex- 

I t i l e , ,  f u r ,  and l e a t h e r  m a c e r i a l s  a r e  nonhazardous,  

$ and they a r e  combust ible .  T y p i c a l  h e a t i n g  v a l u e s  
i a r e  on t h e  o r d e r  o f  10,000 B t u / l b ,  s o  e a c h  pound 

burned would d i s p l a c e  $0.015 wor th  of  c o a l .  
P y r o l y s i s  would y i e l d  p r o d u c t s  worth $0.06 o r  
less ' ,  and b ioconvers ion  would y i e l d  even l e s s -  
v a l u a b l e  p roduc ts .  I t  is  t h e r e f  o r e  worth looking  
f o r  h igher -va lue  u s e s  f o r  t h e s e  m t e r i a l s  t h a t  

I:I t y p i c a l l y  c o s t  o v e r  $l.OO/lb new. No f u r s  were 
l i s t e d  i n  any of  t h e  waste-exchange b u l l e t i n s ,  and 
no way was i d e n t i f i e d  f o r  t h e  smal l  s c r a p s  of  
l e a t h e r  a v a i l a b l e  t o  be used a s  m a t e r i a l ,  s o  we 

I w i l l '  d i s c u s s  t e x t i l e s  on ly .  Mixed' t e x t i l e  w a s t e s  
! a r e  of ex t remely  low vaJ.~re; t h e  only u s e  i d e n t i -  

P l e d  wari in vulean ioed  f i b e r ,  a rnmpnslte m a t e r i a l .  
1 .  made by p r e s s i n g  f i b e r s  w i t h  a  r e s i n  b i n d e r  t o  
I I : .  produce a  r e i n f o r c e d  p l a s t i c .  Cot ton  w a s t e s ,  such  

I a s  m a t t r e s s -  t i c k i n g  t r i m ,  cou ld  b e  b leached  and 
.i i used I n  t.he p roduc t ion  of r a g  paper.The was te  
;I 1 examined i n  g r e t e r  d e t a i l  i s  50-75 l b /  week o f  l e g  

The w a s t e  chosen f o r  d i s c u s s i o n  i s  a  s o l u t i o n  
of copper  s u l f a t e  (CuS04), from ' a  p r i n t e d - c i r c u i t  
p l a t i n g  l i n e ,  c o n t a i n i n g  14-21 oz Cu/ga l  ( a v e r a g e ,  
18-19 o z / g a l ) .  The s o l u t i o n  d i d  n o t  meet s p e c i f i -  
c a t i o n s  and i s  a v a i l a b l e  once o n l y ,  i n  a  r e l a -  
t i v e l y  s m a l l  q u a n t i t y  (1,600 g a l ) ,  and t h i s  i s  a  
major impediment t o  recyc l ing .  The l i s t i n g  d i d  
n o t  g i v e  s u f f i c i e n t  i n f o r m a t i o n  t o  a s c e r t a i n  why 
t h e  s o l u t i o n  d i d  n o t  meet s p e c i f i c a t i o n s .  Reuse 
would s a v e  t h e  most energy  and money. Water o r  
a d d i t i o n a l  s a l t  cou ld  be added t o  a d j u s t  t h e  
c o n c e n t r a t i o n .  S o l i d  i m p u r i t i e s  cou ld  be f i l t e r e d  
ou t .  I f  t r e a t m e n t  and r e u s e  a s  CuS04 s o l u t i o n  i s  
not  p r a c t i c a l ,  t h e  copper  cou ld  be recovered  by 
e l e c t r o l y s i s  ( e l e c t r o w i n n i n g )  a t  a n  energy c o s t  of 
12,000 Btu / lb ,  much l e s s  t h a n  t h e '  50.000 B t u / l b  
needed t o  produce copper  from ore.21 The v a l u e  o f .  
t h e  copper  i n  t h i s  w a s t e  i s  $1,440. 

i . 
, 
i 

CONCLUSION: IMPEDIMENTS TO SUCCESSFUL WASTE 
EXCHANGE AND RECOMMENDATIONS FOR OVERCOMING THEM 

We have demonstrated i n  t h e  p reced ing  s e c t i o n  
that i n  a lmos t  e v e r y  c a t e g o r y  of was te  t h e r e  a r e  
m a t e r i a l s  t h a t  cou ld  be exchanged w i t h  s u b s t a n t i a l  
b e n e f i t s .  C a l c u l a t i o n  of  energy s a v i n g s  p o t e n t i -  
a l l y  a c h i e v a b l e  i f  a l i  was tes  l i s t e d  a s  a v a i l a b l e  
were exchanged would, because of  t h e  d i v e r s i t y ,  
r e q u i r e  a n a l y s i s  o t  each iiraeerial.  

and can  simply and cheap ly  be  remel ted  and used t o  
r e p l a c e  v i r g i n  nylon f o r  a n  e n e r g y  s a v i n g  o f  about  
90,000 B t u / l b ,  m c h  of i t  i n  t h e  form of o i l .  The 
m a t e r i a l  would be some nonstallrla.rd be ige  c o l o r  and 
t h e r e f  o r e  unsu i  t a b l e  f o r  wearing a p p a r e l  u n l e s s  
dyed a  d a r k e r  'shade, b u t  t h e  mechanical  p r o p e r t i e s  
should  be adequa te  f o r  p roduc t ion  of  g e a r s  o r  
o t h e r  'mechanical  p a r t s .  The p r i c e  i n  November 
1981 of v i r g i n  nylon 66 was $1.81/lb,20 s o  con- 
s i d e r a b l e  s a v i n g s  a r e  p o s s i b l e  from u s i n g  r e c y c l e d  
mate r ia l .  

] . blanks  and nylon panty-hose rags .  T h i s  i s  c l e a r l y  
L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  

s u c c e s s  r a t e s  a c h i e v e d  by w a s t e  exchanges;  
c l e a r i n g h o u s e s  do n o t  u s u a l l y  c o l l e c t  s t a t i s t i c s .  
and m a t e r i a l s  exchanges keep them p r o p r i e t a r y .  
However, one c l e a r i n g h o u s e  e s t i m a t e d  t h a t  20-25% 
pf t h e i r  l i s t i n g s  r e s u l t e d  i n  exchanges;22 a n o t h e r  
s o u r c e  e s t i m a t e s  a n  average  of 10%. 2 3  A r e c e n t  
s t u d y  ana lyzed  t h e  e f f e c t i v e n e s s  of  one exchange 
d u r i n g  i t s  f i r s t  s i x  months of o p e r a t i o n .  24 The 
r e s u l t s  a r e  summarized i n  Table  4,  where i t  cau  be  
s e e n  t h a t ,  i n  t e r m  of p e r c e n t  of m a t e r i a l  a v a i l -  
a b l e ,  i n o r g a n i c  chemicale  were t h e  most a c t i v e l y  

exchanged m a t e r i a l s .  

t . a  
: 

I 
i 

a n o t h e r  example of m a t e r i a l  recovery  impeded by 
s m a l l  q u a n t i t y .  Nylon is a  t h e r m o p l a s t i c  m a t e r i a l  



Cons iderab le  b e n e f i t s  a r e  p o s s i b l e  th rough  
waste exchange; more m a t e r i a l  t r a n s f e r s  would 
i n c r e a s e  t h e  b e n e f i t s  a c t u a l l y  r e a l i z e d .  Ye have 
i d e n t i f i e d  s e v e r a l  major b a r r i e r s  t h a t  impede 
waste exchange, and we w i l l  now recommend a c t i o n s  
t h a t  can be t a k e n  t o  overcome them. 

One major b a r r i e r  t o  t h e  s u c c e s s f u l  exchange 
of many l i s t e d  was tes  Is t h e  l a c k  of economical  
techno log^ f o r  t h e i r  t r e a t m e n t .  T h i s  l a c k  is 
g r e a t e s t  i n  t h e  a r e a  of s e p a r a t i o n  of mixed o r  

was tes .  Technology i s  g e n e r a l l y  
a v a i l a b l e  but o f t e n  i s  n o t  economical .  Some 
examples i n  which economical  s e p a r a t i o n  technology  
i s  needed a r e  m a t e r i a l s  recovery  from s l u d g e s ,  
s e p a r a t i o n  of c l o s e - b o i l i n g  l i q u i d s ,  and separa -  
t i o n  of mixed p l a s t i c  o r .  f i b e r  wastes .  Research  
on improved s e p a r a t i o n  p r o c e s s e s  is  s t r o n g l y  
recommended. I n  a d d i t i o n ,  industrial w a s t e  
genera tors  should  be encouraged t o  t h i n k  about  
r e c y c l i n g  b e f o r e  t h e y  u n n e c e s s a r i l y  mix o r  
contaminate p r o c e s s  w a s t e  s t reams .  As one c o m e r -  
c i a 1  r e c y c l e r  p u t s  i t ,  "Recycl ing works o n l y  when 
m a t e r i a l s  a r e  known t o  be and planned t o  be 
recycled. " 2 5  A l t e r n a t i v e l y ,  p r o c e s s  o r  f e e d s t o c k  
modi f ica t ions  t h a t  r e s u l t  i n  l e s s  was te  can be 
considered.  The government cou ld  prov ide  incen-  
t i v e s ,  through t a x  c r e d i t s  o r  r a p i d - d e p r e c i a t i o n  
al lowances,  f o r  c a p i t a l  e x p e n d i t u r e s  t h a t  reduce 
t h e  volume o r  h a z a r d  of w a s t e s  o r  make t h e  w a s t e s  
more amenable t o  recovery  ( f o r  example, by s o u r c e  
separa t ion) .  

A second impediment t o  w a s t e  exchange is 
t h a t  many l i s t i n g s  a r e  f o r  s m a l l  q u a n t i t i e s  of  
m a t e r i a l s  o r  f o r  m a t e r i a l s .  a v a i l a b l e  on ly  once and 
d i s p e r s e d  o v e r  a broad g e o g ~ a ~ h i c o l  ? r e a r  I t  i s  
g e n e r a l l y  n o t  economical  t o  t r e a t  a s m a l l  q u a n t i t y  
of m a t e r i a l ,  and a c o n t i n u i n g  supply  of  i n p u t  i s  
needed t o  j u s t i f y  purchas ing  equipment t o  t r e a t  
m a t e r i a l s  Char can't bo re~.rsed a s  is. Thus, i n  
t h e  absence of  economical  s m a l l - s c a l e  t echnology ,  
dispersed w a s t e s  mzvt be c o l l e c t e d  and t r a n s p o r t e d  
t o  a c e n t r a l  r e c y c l i n g  f a c i l i t y  t h a t  r e c e l v e s  
m a t e r i a l  from many s o u r c e s .  Not enough of  t h e s e  
f a c i l i t i e s  a r e  i n  o p e r a t i o n  t o  t r e a t  a v a i l a b l e  
wastes. T h e i r  e s t a b l i s  hment s h o u l d  be  encouraged 
i n  any way p o s s i b l e .  Loan g u a r a n t e e s ,  r e g u l a t o r y  
exemptions, and t a x  r e l i e f  ( t h e  S e n a t e  is con- 
s i d e r i n g  s e v e r a l  measures  i n  t h i s  a r e a )  might  be 
a p p r o p r i a t e .  The problew of d i s p e r u e d  w a s t e s  i s  
compounded .by t h e  f a c t  t h a t  t h e  low v a l u e  p e r  
pound of many of  t h e  m a t e r i a l s ,  p a r t i c u l a r l y  t h o s e  
wi th  high wate r  c o n t e n t ,  makes t r a n s p o r t  over  
l a r g e  d i s t a n c e s  uneconomical.  Theref  o r e ,  r e s e a r c h  - 
*But i t  m e t  be no ted  t h a t  once avenues a r e  found 
for i e t i s ing  was te  m a t e r i a l s ,  t h e y  a r e  used 
r o u t i n e l y  w i t h o u t '  f u r t h e r  involvement  of  r h e  
waste  exchange. 

on a p p r o p r i a t e  methods f o r  c o l l e c t i o n  o f  d i s p e r s e d  
low-value m a t e r i a l s  i s  bad ly  needed. The methods 
would apply  t o  r e c y c l e a b l e  m a t e r i a l s  i n  munic ipa l  
was te ,  and t o  biomass and biomass was tes  a s  
wel l .  It woul'd a l s o  be wor thwhi le  t o  deve lop  
p o r t a b l e  r e c y c l i n g  equipment. 

Many waste-exchange o p e r a t o r s  i d e n t i f y  
r e s t r i c t i v e  r e g u l a t i o n  of  hazardous  w a s t e  -- and 
u n c e r t a i n t y  a b o u t  and misunders tand ing  and f e a r  o f  . 

r e g u l a t i o n s  -- a s  a t h i r d  impediment t o  w a s t e  
exchange. F i r s t ,  many p e o p l e  d o  n o t  r e a l i z e  t h a t  
r e c y c l e r s  of a l l  bu t  l i s t e d  hazardous  was tes  a r e  
exempt from RCRA r e g u l a t i o n s .  Second, RCRA 
mandates c rad le - to -grave  r e s p o n s i b i l i t y  f o r  
g e n e r a t o r s  of  hazardous  w a s t e ,  who t h e r e f  o r e  f e a r  
t h a t  they  a r e  l i a b l e  f o r  improper  ' h a n d l i n g  o f  
t h e i r  w a s t e s  by t r e a t m e n t  f a c i l i t i e s .  However, i t  
a p p e a r s  t h a t  r e s p o n s i b i l i t y  c a n  be  t r a n s f e r r e d  t o  
a l i c e n s e d  f a c i l i t y  th rough  c o n t r a c t u a l  agreement;  . 

t h i s  m a t t e r  w i l l  be d e c i d e d  by t h e  c o u r t s . .  T h i r d ,  
under  RCRA r e g u l a t i o n s ,  g e n e r a t o r s  need a p e r m i t  
i f  they  a r e  t o  s t o r e  l i s t e d  hazardous  was tes  f o r  
more t h a n  90 days ,  even  i f  t h e  w a s t e s  a r e  t o  b e  
recyc led .  However, waste-exchange c a t a l o g s  & r e  
of t e n  publ i shed  q u a r t e r l y ,  and n e g o t i a t i o n s  f o r  
t r a n s f e r  t a k e  t ime ,  s o  t h i s  r e s t r i c t i o n  s e v e r e l y  
lid ts hazardous-was t e  exchange. F i n a l l y ,  
r e g u l a t i o n s  concern ing  hazardous  was te  have 
changed s e v e r a l  t i m e s  and could  change s t i l l  
f u r t h e r . *  The r e s u l t i n g  u n c e r t a i n t y  d e t e r s  
companies from g e t t i n g  involved .  Therefore ,  
r e g u l a t i o n s  mst be  f i n a l i z e d  and people  e d u c a t e d  , 

a s  t o  t h e i r  p r o p e r  i n t e r p r e t a t i o n .  Numerous 
companies have sprung  up t o  h e l p  w a s t e  g e n e r a t o r s  

cope w i t h .  hazardous-waste  r e g u l a t i o n s .  I n  add i -  
t l u n .  t h o  El?$ m t . n t a i n s  t h e  "RCRA H o t l l n e "  t o  
answer q u e s t i o n s  a b o u t  hazardous-waste  r e g u l a r i u u s  
(800-424-9346; i n  Washington, D.C., 382-3000). 
However, s t i l l  more p u b l i c  e d u c a t i o n  about  r e g u l a -  
t i o n s  is needed. To c o m p l i c a t e  t h e  s i t u a t i o n  even 
f u r t h e r ,  s t a t e s  have t h e i r  own haza~.duos-wnote 
r e g u l a t i o n 8 ,  and t h e s e  a r e  n o t  uniform. A waste  
may be  l i s t e d  a s  hazardous  i n  one  s t a t e  and ,no t  i n  
a n o t h e r .  

Another impediment t o  was te  exchange i s  t h a t  
many companies do no t  know what m a t e r i a l s  a r e  
a v a i l a b l e  o r  what t h e y  could  be used f o r .  
Companies a r e  a l s o  r e l u c t a n t  t o  d e v i a t e  from 
o o t a h l i s h e d  p r a c t i c e  i n  w a s t e  handl ing ;  t h e  
c u r r e n t  sys tem works, and a new syetcm i o  a n  
unknown. Small  companies o f t e n  d o  n o t  have t h e  
t e c h n i c a l  e x p e r t i s e  e i t h e r  t o  recognize  o r  t o  

*The EPA e x p e c t s  t o  p ropose  a new d e f i n i t i o n  of  
s o l i d  w a s t e  t h a t  w i l l  a f f e c t  r e c y c l i n g  of  
hazardous was tes .  Even i f  t h e  new d e f i n i t i o n  i s  
c l e a r e r  and exempts c e r t a l ~ r  r e c y c l a b l e  m a t e r i a l s ,  
t h e  change may c a u s e  a d d i t i o n a l  confusion.  
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t r e a t  p o t e n t i a l l y  u s a b l e  m a t e r i a l s  o f f e r e d  f o r  
exchange. h i s  problem c a n  be s o l v e d  i n  l a r g e  
p a r t  by a n  " i n t e l l i g e n t "  w a s t e  exchange t h a t  d o e s  
n o t  s imply  p a s s  i n f o r m a t i o n  a b o u t  m a t e r i a l  
a v a i l a b i l i t y  ' through t o  i t s  c l i e n t s .  I n s t e a d ,  t h e  
l i s t i n g s  a r e  examined and t h e  exchange c o n t a c t s  
p o t e n t i a l  u s e r s  w i t h  i n f o r m a t i o n  e x p l a i n i n g  how 

. t h e y  could  u s e  s p e c i f i c  m a t e r i a l s .  " I n  most 
c a s e s ,  market  r e s e a r c h  and development is  
n e c e s s a r y  i n  o r d e r  t o  e s t a b l i s h  a n  o u t l e t  f o r  
w a s t e  m a t e r i a l s .  "26 Most s u b s i d i z e d  was te  
exchanges d o  n o t  have t h e  t e c h n i c a l  s t a f f  needed 
t o  do t h i s ,  b u t  most f o r - p r o f i t  exchanges o f f e r  
t h i s  s e r v i c e ,  among o t h e r s ,  and a p p e a r  t o  be 
o p e r a t i n g  s u c c e s s f u l l y  .* T h e r e f o r e ,  was te  
exchanges s h o u l d  be encouraged t o  f i n d  u s e s  f o r  
a v a i l a b l e  m a t e r i a l s .  Recyc l ing  companies t h a t  
t r e a t  was tes  t o  make them s u i t a b l e  f o r  r e u s e  and 
t h e n  s e e k  marke ts  f o r  them, a s  w e l l  a s  c o n s u l t a n t s  
who h e l p  g e n e r a t o r s  r e c o v e r  t h e i r  own w a s t e s ,  
s h o u l d  a l s o  be encouraged through such  means a s  
t a x  o r  re&:u la tory  r e l i e f  and l o a n  g u a r a n t e e s .  

I n  summary, . we f i n d  t h a t ,  a l t h o u g h  c o n s i d e r -  
a b l e  s a v i n g s  o f  b o t h  e n e r g y  and money a r e  p o s s i b l e  
through w a s t e  exchange, s e v e r a l  major  impediments 
limit t h e  number o f  a c t u a l  exchanges t h a t  t a k e  
p lace .  These impediments i n c l u d e  t h e  l a c k  of 
economical  s e p a r a t i o n  technology ,  t h e  s m a l l  
q u a n t i t i e s  of  m a t e r i a l  a v a i l a b l e  a t  e a c h  s i t e ,  
r e s t r i c t i v e  o r  u n c e r t a i n  r e g u l a t i o n ,  and l a c k  of 
knowledge on t h e  p a r t  of  p o t e n t i a l  w a s t e  u s e r s .  
None of t h e s e  b a r r i e r s  is  insurmountab le  i f  
a p p r o p r i a t e  a c t i o n  i s  taken.  
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T a b l e  2 C a t e g o r i e s  of  Wastes 

Category M a t e r i a l s  Inc luded  

1 a c i d s  a n d .  a l k a l i s  

2 . o r g a n i c  ,chemicals  and s o l v e n t s  

3 m e t a l s  and meta l -con ta in ing  s l u d g e s  

4' m i n e r a l s ,  i n c l u d i n g  g l a s s  and s a n d  

5 o i l s ,  f a t s ,  and  waxes 

6 food p r o c e s s i n g  w a s t e s  

7 paper  and wood 

8 p l a s t i c s  and rubber  

9 s p e n t  c a t a l y s t s  

1 0  t e x t i l e s ,  f u r ,  and l e a t h e r  

1 1  i n o r g a n i c  chemica l s  

12 o t h e r  



P r o f i t  Area 

S t a t e  Exchange o r  Company Address Phone. Contact Type S t a t u a  Served 

Ca l i f .  Zero Waste Systems, 2928 Pop la r  St.  (415)  893-8257 n P unspec i f i ed  
Inc. Oakland 94608 T. P i t t s  

Ca l i f .  C a l i f o r n i a  Yaate 2151 Berkeley Yay ,  (415)  540-2043 IA N C a l i f o r n i a  
Exchange Berkeley 94708 Dr. P.H. Williams 

Colo. Colorado Waste Exchange 1390 Logan (303)  831-7411 I N Colorado . 
Denver 80203 0.1. Webb 

Pla .  ICU Chemical Corp., Inc. 8282 Western Way C i r c l e  (904)  731-8614 n P Southeaat  
J a + s o n v i l l e  32216 A.L. T r i p i  

Ga. Georgia Waste ~xchange '  181 Washington St.  (404)  659-4444 I N Georgia  
S.W. A t l a n t a  30303 R.D. Sumner 

I l l .  I n d u s t r i a l  Ma te r i a l  2200 C h u r c h i l l  Rd. ( 2 1 7 )  782-6760 I N I l l i n o i s  
Exchange ~ e r v i c e g  S p r i n g f i e l d  62706 L. b o r e  

111. American Chemical . 4849 Golf Rd. (312)  677-2800 ti P unspec i f i ed .  
Exchange Skokie 60076 J.T. H s r r i s l I .  E l e r  

I l l .  Environmental Clear ing-  3426 Maple Lane ( 3 1 2 )  335-0754 H P unspec i f i ed  
house Organizat ion Hazel C r e s t  60429 W. P e t r i c k  

Ind. Environmental Qua l i t y  1220 Watervay Blvd. ( 3 1 7 )  634-2142 I N Ind iana  
Con t ro l ,  Inc. Ind ianapo l i s  46202 N.L. Beck 

KY. L o u i s v i l l e  Area 300 W. L ibe r ty  St. ( 5 0 2 )  582-2421 -- -- -- 
Waste ~ ~ c h a n g e '  L o u i s v i l l e  40202 S. Lampe 

Maine New England P.O. Box 947 ( 2 0 7 )  985-6116 IA N New England 
Mate r i a l s  Exchange Kennebunk 04043 D.L. Trask 

no. Midwest I n d u s t r i a l  10 Broadway ( 3 1 4 )  231-5555 I N Midwest 
Waste Exchange St .  Louis 63109 C.H. Wiseman, J r .  

N.H. Resource Conservat ion P.O. Box 268 (603)  772-6261 - - -- -- 
and Recovery Agency S t r a t h a a  03885 0.. Green 

N.J. I n d u e t r i a l  Waste 5 Commerce St .  ( 2 0 1 )  623-7070 I N New J e r s e y  
Informat ion Exchange Newark 07102 W. Payne 

N.Y. Enkarn Research Corp. P.O. Box 590 ( 5 1 8 )  436-9684 P World 
Albany 12201 J.T. Engster  

N.Y. Nor theast  I n d u s t r i a l  700 E. Water St .  ( 3 1 5 )  422-6572 I N Northeast  
Waite Exchange Syracuse 13210 W. Banning . 

N.C. Piedmont Waste Exchange I n s t .  f o r  Urban S tud ie s  (704) .  597-2307 I N Ca ro l inas  
C h a r l o t t e  28223 E. b r n  

N.C. P a c i f i c  Environmental 1905 Chapel H i l l  Rd. ( 9 1 9 )  493-3536 le P Caro l inas .  
Se rv i ces ,  Inc. Durham 27707 D. Kent V i r g i n i a  

Ohio Ohio Resource Exchange 2415 Woodmere Dr. ( 2 1 6 )  371-4869 IA P Midwest 
Cleveland 44106 R. Immerraan 

Ohio I n d u s t r i a l  Waste 1646 W. Lane Ave. ( 6 1 4 )  486-6741 I N Columbus 
Informat ion exchangef Columbus 43221 N.A. Rrokaw a t e a  

Ore. Oregon I n d u s t r i a l  Waste 3335 W. 5 t h  Ave. (503)  221-0357 I N unspec i f i ed  
I n f o r ~ t i o n  Exchange Por t l and  97204 . D. Clark 

Penn. Nat ional  Wastes Exchange P.O. Box 190 -- IB -- U.S. 
G i lvc r  S p r i n g  17575 R.D. F ~ h n i b l e  

Tenn. Tennessee Waste 708 F i d e l i t y  Fed. Bldg. (615)  256-5141 I N Tennessee 
Exchange Nashv i l l e  37219 . N. Niemeier 

Texas Chemlcal Recycle 1100 ni lam Bldg. . ( ? I ) )  651-1313 I N G u l f c o a s t  
Informat ion Program Houston 77002 J. Westrey 

, Utah Y.S. Hatch C O . ~  P.O. Box 1825 ( 8 0 1 )  295-5511 - - -- -- 
Cale Lake C i t y  84110 . -- 

W. Va. Union Carbide Corp. Box 8361.  Bldg. 3005 (304)  747-5362 n h  P U.S. 
S. Cha r l e s ton  25303 R.L. Floyd 

% - Mate r i a l s  exchange. I - Informat ion c lear inghouse.  I A  - Active  informat ion c lear inghouse.  

bp - f o r  p r o f i t .  N - nonpro f i t .  

C ~ n f o m t i o n  from R. H i l l .  U.S. Environmental P r o t e c t i o n  Agency (1981);  u n v e r i f i e d  because no r e e ~ o n s e  
r ece ived  t o  l e t t e r .  

' ~ a n d l e s  s u r p l u s  ma te r i a i a ;  charges  a c o d s s i o n  f o r  succes s fu l  transfer. 

' ~ a n c  t o  becorn brokerage. 

$Lansgea o t h e r  exchanges. 

h~n-housc  only. 



Table 3 Recycling Used Automotive l u b r i c a t i n g  O i l :  
Annual Economics of Re-refining and of  Process ing  f o r  Fuel  

Recycling Method 

Process ing  
Economic Factor  Rate f o r  Fuel  Re-ref i n i n g  

Process 
costs ($103) 
Raw used o i l ,  

lo7 g a l  
Power 
Steam, 150 p s i  

s a t  
Solvent  
Fuel  
Ca ta ly s t  . 
Hydrogen 
Operat ing 

l a b o r  
Overhead 

Maintenance 
Insurance ,  

t axes  

Depre'ciation 
T o t a l  

3 Revenues ($10 ) 
Lube o i l  
Fuel  

T o t a l  

$ 5.041100 l b  
$ 2.00/gal 
$ 0.40lga 
$125.00/ft 3 
$ 6.00110~ 3CF 
$ 20.00 x 10 / 

ope ra to r  . . 
100% of ope ra t ing  

l abo r  
5% of investment 

3% of investment 

10% of investment 

P r o f i t s  ($lo3) 
Before t axes  588 2730 
Income t axes  50% of p r o f i t  294 - 1365 
A f t e r  t axes  294 

- 
1365 

After- tax r e t u r n  on 
inveetment ( X )  



Table 4 Status of Wastes Listed with One ~ x c h a n ~ e ~  

Transferred Negotiations in Not Transferred 
Waste Type ( X I  Progress ( X )  ( X )  

Acids 
Alkalis 
Other inorganics 
Metallmetal sludges 
Organics/solvents 
Oils/fats/waxes 
Plastics 
Textiles/leather/rubber 
Woodlpaper 
Miscellaneous wastes 

a~tatus'at end of first six months of operation of the waste exchange. 



PENNSYLVANIA WASTE INFORMATION EXCHANGE 

CLASSIFICATION: 3 
Item: 

Ouentlty: 

Code %A-4 
Hydrated Ume Slurry or paste 
chemlcal analysls, approxl. 
mately the same as dry hy- 
drated 
Tonnage amounts In bulk 

ITEMS 
AVAILABLE 0 

CLASSIFICATION: 4 Code l)S-3 . 
Item: Mlxture of Palnts and Solvants 

ouentlty: 50 to 75 5Sgel. drumslmonth 

. - - 

Code %N-2 
%wlces/Proceaa: Solvent Regeneration 

NEEDED 

ENBINEERICOWSULTAWT6 
Green Valley Englneerlng Associates 
10 Cedar Drlve 
Dlllsburg. PA 17018 GENERAL 1 
Contact: Jane Doe, Dlrectnr - Tnchnlcel Sewlcea 
Telephone: 71715551212 
Sewlce: Solld end hazardous waste management, lncludlng testlng, and 

ssslatanse wlth regulatory compliance. 

222 NORTH THIRD STREET 
P E N N 8 V L V A N 1 A HARRISBURG. PENNSYLVANIA 17101 Rtnudon 100% n 4 d p g p .  
CHAMBER OF COMMERCE 717/255.3252 

I Example  of Listings of Acids and Caustics 



WASTE 

USER 

2 S c h e m t i c  of ~ i s t e  Transfer Assisted by an In formt ion  Clearinghouse 

3 Schematic of  Waste Transfer through a Materials Exchange 

- - 
Negotlate for Negotlate for 

4 * MATERIALS 
-wanted wastev avallable waste ExCHANGE 

WASTE Transfer waste 
WASTE 

GENERATOR 
'. USER 

- 



Acids 

Code I: A-76 
Mater ia l :  I n d u s t r i a l  Chemical Products  of D e t r o i t .  Inc.. Sol-Klean 1177H. 

Approx. 80% phosphoric a c i d .  1 0  b u t y l  e t h e r ,  no contaminants. 
c l e a r  c o l o r l e s s  l i q u i d  Bp 2100F. Sp. g r .  1.40 s o l u b i l i t y  in 
Hz0 complete. P o s s i b l e  u s e  d e r u s t i n g  s t e e l  p a r t s ,  c lean ing1  
f i n i s h i n g .  

Quanti ty:  One t ime o f f e r  - 220 g a l s .  
Packaging: 55 g a l .  drums 
Location:  J o p l i n ,  t40 

Code I: A-116 
Mater ia l :  A 32% s o l u t i o n  of hydrochlor ic  a c i d .  Has a s l i g h t  green 

c o l o r a t i o n  and c o n t a i n s  1% phosphorous a c i d  and 5-10% a c e t i c  
a c i d .  

Quant i ty :  Approx. 2,000 gals./week. Avai lab le  on a continuous b a s i s .  
Packaging: Bulk 
Location:  Northeastern PA 

Code I: A-118 
Mater ia l :  Spent s u l f u r i c  a c i d .  15% t o  40% HzSOq. suspended s o l i d s  approx. 

100 ppm sand. balance water .  
F a c b g i n g :  100,000 gal.lmo. a v a i l a b l e  on d a i l y  b a s i s  
Location:  Vestern PA 

Caustics 

Code I: A-14 
Mater ia l :  Alka l in  s o l u t i o n .  primary components: sodium hydroxide (60-70 

grns . / l i t e r ) .  sodium carbonate  (80-120 g m s . / l i t e r ) ,  sodium a lumina te  
(50-75 g m s . / l i t e r ) .  

Quanti ty:  100-120.000 p a l - .  /ma. 
Packaging: Bulk t r a n s p o r t  
Locat ion: P i t t s b u r g l ~ .  PA 

Code 0 :  A-31 
Mater ia l :  Caus t ic  t r e a t e d  aluminum c h l o r i d e  m a t e r i a l  comprised of  aluminum 

l ~ g d ~ u r l d a  ( d l ' ) .  soo lus  e h l 6 r i d e  (13%).  o r g a n i c s  (1%).  and water  
(80%).  

Quanti ty:  1500 ga1s. lday 
Packaging: Tank c a r s  

Code I: A-34 
H a t e r i a l :  Caus t ic  s o l u t i o n  of o rganic  and inorganic  s a l t s .  Preva len t  s a l t s  

a r e  sodium methacry la te .  sodium a c r y l a t e .  and sodium chlor ide .  
Normnl pH is 9-13. 

Quanti ty:  25.000 gals.1week continuous 
Packaging: Bulk 

4 Example of L i s t i n g s  of Minerals . '  



5 Example of Listings of Minerals 

Category 4: Minerals 
Available 
A6 - 4 

A64 - 4 

A101 - 4 

$ypsum Plaster:, CeSO* +$o); (am! Chips: 2 - P s i .  X 118'' thick; (15%). 
ormed Molds d~scerdc , aver ge 12X12X6 inches; 0%) Powder. Color: While. 

3000 Iblwk. I n  ursesled 100 Ib. sackl. Por t land 

Silicon Sludge i n  powder form when suspended i n  70% water. Hardens l ike 
concrete when water is  removed. Appro.. 10.000 Ibslmo. beginning i n  la te  1979. 
Stored i n  plastic-lined terkr. Port land area. 

ScraplBroken Class: 1 tonlwk. on e regular basis. :Loose. Port land me t ro  area. 




