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REFUSE CONVERSION TO METHANE (Ref a3n) : 

.A PROOF-OF-CONCEPT AmEROBIC DIGESTION FACILITY 

Donald K. Walter 
Urban W s t e  and Municipal Systems Branch 
Office of Buildings and Community Systems 

U.S. Department o f  Energy 

Abs t rac t  - The U.S. Department o f  Energy (DOE) is  
developing a process  f o r  t h e  anaerobic d i g e s t i o n  o f  
s o l i d  waste and sewage s ludge i n t o  methane. Known a s  
RefCOM -- Refuse  Convers ion  t o  Methane -- t h e  DOE 
experimen&l f a c i l i t y  i n  F lor ida  can process  100 t o n s  
of  raw re fuse  per  day with an output  a s  high a s  700,000 
cubic f e e t  of  gas  ( CH4 and CO2) per  day. Based on an 
average home gas  consumption o f  one m i l l i o n  cubic f e e t  
per  year ,  a 1,000 tons-per-day p l a n t  has  t h e  p o t e n t i a l  
t o  meet t h e  gas needs of over 7,000 homes. The objec- 
t i v e s  of t h e  RefCOM experiment a r e  t o :  

e s t a b l i s h  information on t h e  q u a l i t y  and quan- 
t i t y  of  gas  prqduced; 
a s c e r t a i n  optimum opera t ing  parameters f o r  both 
mesophilic and thermophil ic  modes; and 
eva lua te  t h e  r e l i a b i l i t y  of t h e  techniques. 

INTRODUCTION 

A s  f o s s i l  f u e l  resources a r e  dep le ted  and became 
more expensive, a l t e r n a t i v e  energy sources  becane more 
economic. Unfortunately, t h e  publ ic  is l a r g e l y  unaware 
t h a t  one of  t h e  most p r a c t i c a l  methods of  producing 
energy i s  t o  l i t e r a l l y  r e c y c l e  urban waste -- t r a s h ,  
garbage, sewage s ludge ,and i n d u s t r i a l  waste -- into 
methane. Simply s t a t e d ,  t h e  process  starts by feed- 
i n g  waste m a t e r i a l  through a s e r i e s  of trommel sc reens ,  
a i r  c l a s s i f i e r s  and separa tors ,  and is canpleted by t h e  
b i o l o g i c a l  d e g r a d a t i o n  o f  o r g a n i c s  which produce  
methane-rich gas. Since t h e  gas  can e a s i l y  be  upgraded 
t o  p i p e l i n e  q u a l i t y ,  t h i s  experiment holds promise f o r  
a c l e a n ,  convenient f u e l  f o r  t h e  long  t e r m .  

Bench-scale  s t u d i e s  i n d i c a t e d  t h a t  4.5 t o  5.5 
cubic f e e t  of methane can be  produced per  pound of  vol- 
a t i l e  s o l i d s  added a t  mesophilic temperatures  (lOO°F) 
with from 10 t o  30 days r e t e n t i o n  time. In  o rder  to 
t e s t  t h e  conclusions of t h e s e  s t u d i d s ,  a l a rqe-sca le  

C a m l i n e  Brooks 
'Ilechnology Transfer  Analyst 
Mit telhauser  m r p o r a t i o n  

Downers Grave, I l l i n o i s  60515 

History of  Concept and P r o j e c t  

Anaerobic d i g e s t i o n  of  organic m a t e r i a l  to form 
methane is  n o t  a new concept. Since t h e  dawn of time 
anaerobic organisms have decanposed organic m a t e r i a l  
into more simple canpDnents. The p r i n c i p a l  products  of 
t h i s  p r o c e s s  have  been  methane and c a r b o n  d i o x i d e .  
T h i s  g a s  a p p e a r s  n a t u r a l l y  a s  swamp g a s  i n  marshy 
a reas .  Anaerobic d i g e s t i o n  was an e a r l y  sewage t r e a t -  
ment method t o  s t a b i l i z e  and r e d u c e  t h e  volume of 
sludge. It i s  a l s o  t h e  normal product of decanposi- 
t i o n  i n  s a n i t a r y  l a n d f i l l s  where municipal s o l i d  waste 
and/or sewage s ludge i s  buried.  

The process  i s  canplex and not t o t a l l y  understood. 
It i s  e s s e n t i a l l y  a three-stage process. In t h e  f i r s t  
s t age ,  c e l l u l o s e  and o t h e r  canplex organic canpounds 
a r e  broken down to simple sugars. In t h e  second s tage ,  
a g r o u p  o f  o r g a n i s m s  c o n v e r t  t h e  s i m p l e  s u g a r s  t o  
organic a c i d s ,  such a s  amino and propionic ac id .  In  
t h e  t h i r d  s t a g e ,  t h e  organic a c i d s  a r e  f u r t h e r  degraded 
by a d i f f e r e n t  group of b a c t e r i a  to methane and carbon 
dioxide.  Sane ni t rogen  and t r a c e s  of hydrogen s u l f i d e  
a r e  also produced (Table I). 

Table I. Biological  Process  of  Anaerobic Digest ion 

Anaerobic Degradation of  Organic 
Matter to Methane (CHq) and Carbon 
Dioxide (C02) 

F i r s t  Group(a) Mixture of spec ies  t h a t  hydrolyzes 
carbohydrates  (e.g., c e l l u l o s e  and 
s t a r c h ) ,  l i p i d s  and pro te ins ,  and 
f e r m e n t  t h e s e  t o  a c e t i c  a c i d ,  
o t h e r  organic a c i d s ,  H z ,  C02, MI3 
and s u l f i d e .  

f a c i l i t y  f o r  convert ing municipal soi'i'd---ste (MSW) Second Group O x i d i z e s  o t h e r  o r g a n i c  a c i d s  t o  
to methane was funded by t h e  U.S. Department,of Energy. p r o d u c e  more  a c e t a t e  a n d  H2. 
The design was developed from laborator,y'scal.e t o  a 
proof-of-concept s i z e  p l a n t  with,enoGh f l e x i b i l i t y  
t o  a l l o w  o p e r a t i n g  parameter,s/to b e  v a r i e d  and t h e  
o v e r a l l  p l a n t  f e a s i b i l i t y  50 be thorough1 y evaluated.  

O b j e c t i v e s  cons idere 'd  when d e s i g n i n g  t h e  pro-  
j e c t  included:  ( 1 )  eva lua t ing  t h e  q u a n t i t y  and qual- 

Third Group V a r i o u s  methanogenic b a c t e r i a  
which u t i l i z e  C02, Hq, and a c e t a t e  
f o r  growth with t h e  production of 
002 and (334. 
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i t y  o f  methane produced p e r  u n i t  o f  o r g a n i c  s o l i d s  'a' Although these  appear t o  be t h r e e  autonomous groups, 
fed;  ( 2 )  reduct ion of  s o l i d s  remaining f o r  d i sposa l ;  t h e  i n t e r a c t i o n s  n e c e s s i t a t e  t h a t  a l l  t h r e e  func t ion  
( 3  ) dewatering c h a r a c t e r i s t i c s  of  t h e  d i g e s t e r  s ludge;  within t h e  same v e s s e l .  For example, an organism i n  
and ( 4 )  t h e  process  requirements  and t h e  w e r a l l  tech- group two may produce 82. I f  t h e  A2 i s  not removed, 
no log ica l  and economic b a s i s  f o r  camnercial u t i l i z a t i o n  t h e  organism w i l l  be  product i n h i b i t e d  and f a i l  t o  
of  this process .  func t ion  optimally. The 82 r e n w a l  is accanplished 

Y*.' 
\ 

by a methanogenic b a c t e r i a  forming aid.  

Since t h e  l a t e  19th cen tury  anaerobic d i g e s t i o n  
h a s  been  used  t o  s t a b i l i z e  sewage s l u d g e s .  By t h e  
1920s some t rea tment  p l a n t s  e r e  using t h e  canbus t ib le  
g a s  produced by anaerobic d i g e s t e r s .  However, t h e  pro- 
d u c t i o n  o f  g a s  i s  v a r i a b l e  e v e n  i n  w e l l - o p e r a t e d  
p lan ts .  Because the gas  i s  s a t u r a t e d  with water and 
conta ins  some hydrogen s u l f i d e ,  it i s  cor ros ive  and 
d i f f i c u l t  t o  handle .  I n  a d d i t i o n ,  w h i l e  a n a e r o b i c  
d i q e s t i o n  can s t a b i l i z e  and reduce t h e  s o l i d s  volume by 
50 percen t ,  t h e  remaining 50 percen t  r e q u i r e s  d i sposa l .  
Consequently, t h e  anaerobic d i g e s t i o n  process  f e l l  i n t o  
d i s favor .  
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with t h e  advent o f  t h e  energy c r i s i s ,  i n t e r e s t  i n  
t h e  process  revived. In t h e  e a r l y  p a r t  of this decade, 
D r .  John T. P f e f f e r  o f  t h e  U n i v e r s i t y  o f  I l l i n o i s ,  
tkbana Campus, i n i t i a t e d  research  i n  t h e  a r e a  sponsored 
by t h e  N a t i o n a l  S c i e n c e  Founda t ion  (NSP) under  t h e  
Research  Appl ied  t o  N a t i o n a l  Needs (RANN) program 
and t h e  U.S. Environmental Pro tec t ion  Agency (EPA). 
m .  Pfef fe r ' s  experiments p r imar i ly  used r e f u s e  der ived  
f u e l  (RDF). 

L a b o r a t o r y - s c a l e  s t u d i e s  performed t o  d a t e  b y  
D r .  P f e f f e r ,  who is a l s o  t e c h n i c a l  consu l tan t  on t h e  
RefCOM p r o j e c t ,  i n d i c a t e  t h a t  approximately 6,000 cubic 
f e e t  of mixed methane and carbon d iox ide  g a s  a r e  pro- 
duced per  input  t o n  o f  raw re fuse .  Thus, 3,000 cubic 
f e e t  of  methane (equiva len t  t o  p i p e l i n e  q u a l i t y  gas)  
per  input  t o n  could be produced by t h i s  process. Based 
on an average home g a s  consumption of 1,000,000 cubic 
f e e t  per  year ,  a 1,000 tons-per-day p l a n t  could se rve  
t h e  gas needs of over 7,000 homes. 

Dr .  P f e f f e r ' s  p o s i t i v e  f ind ings  l e d  NSP t o  fund 
the  Dynatech Corporation t o  conduct a n  economic and 
s e n s i t i v i t y  a n a l y s i s  o f  t h e  p r o c e s s .  T h i s  s t u d y  
developed a prel iminary design and an economic model 
f o r  a f u l l - s c a l e  ( 1,000 tons-per-day) d i g e s t i o n  p l a n t .  

The Dynatech economic computations ind ica ted  t h a t  
urban waste methanation would prove t e c h n i c a l l y  f e a s i -  
b l e  a t  a c o s t  competi t ive with a v a i l a b l e  sources  of  
n a t u r a l  g a s .  Most o f  t h e  equ ipment  n e c e s s a r y  f o r  
o p e r a t i o n a l  s c a l e - u p  o f  t h e  l a b o r a t o r y  b e n c h - s c a l e  
experiments (upon which t h e  pre l iminary  des igns  and 
c o s t  e s t i m a t e s  were b a s e d )  a p p e a r e d  a d a p t a b l e  from 
o ther  i n d u s t r i a l  processes ,  and t h e  i n v e s t i g a t i o n  had 
reached t h e  po in t  where p r i c i n g  of cons t ruc t ion  and 
opera t ion  of a p r a c t i c a l  size scale-up was necessary to 
determine a c t u a l  product ion,  p u r i f i c a t i o n  and d i s t r i b u -  
t i o n  p r i c e s .  

Based on t h e  f a v o r a b l e  f i n d i n g s  o f  t h e s e  two 
r e p o r t s ,  a reques t  f o r  c a n p e t i t i v e  proposals  t o  con- 
s t r u c t  a 50 t o  100 tons-per-day proof-of-concept p l a n t  
was i s s u e d  i n  March, 1975, by t h e  Energy Research  
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and Development A d m i n i s t r a t i o n  (ERDA) which had by  
then assumed t h e  NSF program. Twenty b i d s  were re- 
ceived.  Waste Management, Inc., of Oak Brook, Ill., 
was s e l e c t e d  and awarded t h e  c o n t r a c t  i n  June, 1975. 

The P r o j e c t  

Waste Management's winning proposal c a l l e d  f o r  
cons t ruc t ion  of t h e  f a c i l i t y  a t  its Pompano Beach Sol id  
Waste Reduction Center and d i s p o ~ l  f a c i l i t y .  There, 
r e s i d e n t i a l  and commercial waste c o l l e c t e d  from Broward 
ODunty and v i c i n i t y  i s  shredded and l a n d f i l l e d .  Shred- 
ding p r i o r  t o  l a n d f i l l i n g  reduces t h e  need f o r  c w e r  
m a t e r i a l  s ince  the  waste has l e s s  tendency t o  blow, is  
more homogeneous, and d o e s  n o t  p r o v i d e  a b r e e d i n g  
ground f o r  vermin and o t h e r  d i s e a s e  vec tors .  

The i n t e n t  of  t h e  o r i g i n a l  proposal was t o  use a 
p o r t i o n  of t h e  waste from a 15 tons-per-hour (TPH) B e i l  
v e r t i c a l  m i l l  f o r  t h e  DOE p l a n t .  A p rocess ing  t r a i n  
was t o  be  b u i l t  i n  the  back of  t h e  primary shredder .  
A s e c o n d a r y  s h r e d d e r  would p e r m i t  e x p e r i m e n t s  w i t h  
feedstock s i z e ,  and a r o t a r y  screen would remwe grit 
and f i n e s .  The processed waste would be conveyed f r u u  
t h e  main bu i ld ing  to a s to rage  f a c i l i t y .  Ram s t o r a g e  
it would be mixed with n u t r i e n t s  and water and fed to 
twin d i g e s t e r s .  

P r i o r  to cons t ruc t ion ,  Waste Management decided to 
expand i t s  f a c i l i t y  by adding a 60 TPE B e i l  m i l l .  Con- 
sequent ly,  t h e  space f o r  t h e  DOE processing t r a i n  was 
no longer  a v a i l a b l e .  Therefore, s e p a r a t e  s t r u c t u r e s  

/ f o r  t h e  DOE p l a n t  ( h e r e a f t e r  c a l l e d  RefCOM) were 
planned. - 

In r e t r o s p e c t ,  t h e  change proved advantageous. 
The d i f f i c u l t  i n t e r f a c e  between an opera t ing  f a c i l i t y  
and a n  e x p e r i m e n t a l  f a c i l i t y  had been o n e  o f  t h e  
problems with t h e  p lan t .  The problem may have been 

i n t e n s i f i e d  with p a r t  of  t h e  experimental f a c i l i t y  i n  
t h e  opera t ing  a rea .  

W a y  t h e  waste can be  processed through e i t h e r  
t h e  15 TPH o r  60 TPH m i l l ,  a l though t h e  15 TPH m i l l  
p r w i d e s  a b e t t e r  feedstock t o  Ref-. Frau t h e  m i l l ,  
t h e  waste is conveyed p a s t  a magnet t o  remwe fe r rous  
meta l s  t o  a d i v e r t e r  valve.  lbst of  t h e  waste goes t o  
t h e  l a n d f i l l ,  wi th  a s l i p  s t ream of it going t o  t h e  
s to rage  bui lding.  

Storage underwent major changes i n  design. Orig- 
i n a l l y ,  a n  automated s to rage  and r e t r i e v a l  system was 
planned. Subsequently, a n  econauic and opera t iona l  
s tudy  ind ica ted  t h a t  a f l a t  f l o o r  s to rage  f a c i l i t y  was 
a b e t t e r  s o l u t i o n  f o r  t h e  r e l a t i v e l y  s h o r t  l i f e  of  t h e  
f a c i l i t y .  

Ram s torage ,  t h e  waste is  fed t o  a c l a s s i f i c a t i o n  
bui lding.  In t h e  c l a s s i f i c a t i o n  process  t h e  shredded 
w a s t e  p a s s e s  t h r o u g h  a r o t a r y  s c r e e n  ( t r o m m e l )  t o  
remove g r i t  and  f i n e s  ( g l a s s ,  s i l i c a ,  s a n d s ,  a s h ,  
e t c . ) .  The m a t e r i a l  then undergoes secondary shredding 
t o  p e r m i t  e x p e r i m e n t a t i o n  i n  p a r t i c l e  s i z e  and a i r  
c l a s s i f i c a t i o n  and t o  separa te  l i g h t  and heavy f rac-  
t i o n s .  The l i g h t  m a t e r i a l  is pleumatical ly  conveyed to 
a cyclone. From t h e  cyclone it i s  conveyed on a w i g h -  
f e e d e r  t o  a pre-mix t a n k  t o  b e  b lended  w i t h  sewage 
s l u d g e ,  r e c y c l e d  f i l t r a t e ,  n u t r i e n t s  and s team f o r  
temperature c o n t r o l .  This  s l u r r y  i s  then metered i n t o  
two mechanically a g i t a t e d  anaerobic d i g e s t e r s .  

The o r i g i n a l  design of  t h e  anaerobic d i g e s t e r s  
c a l l e d  f o r  a gas  mixer, bu t  a small  t e s t  program a t  
Panpano Beach and a s e p a r a t e  DOE/EPA sponsored p r o j e c t  
ind ica ted  it would not be  success fu l l .  A s  a r e s u l t ,  
mechanical mixers -re i n s t a l l e d .  Here t h e  b i o l o g i c a l  
process  conver t s  approximately h a l f  of  t h e  organic feed 
s o l i d s  i n t o  a product gas  canposed of approximately 
50 percen t  methane and 50 percent  carbon dioxide.  A t  
Refa)M, most of  t h e  gas  is f l a r e d  to k e p  experimental 
c o n c e n t r a t i o n  o n  t h e  d i g e s t i o n  p r o c e s s .  A p o r t i o n  
of t h e  gas  i s  used i n  t h e  steam generator  t h a t  h e a t s  
t h e  d i g e s t e r .  Future p lans  c a l l  f o r  using t h e  gas  a s  
t h e  secondary f u e l  f o r  a h o s p i t a l  and pharamaceutical 
waste i n c i n e r a t o r ,  and a s  f u e l  f o r  an i n t e r n a l  can- 
bus t ion  engine genera tor  s e t .  I n  a f u l l - s c a l e  f a c i l -  
i t y ,  t h e  g a s  could be d r i e d ,  scrubbed of i m p u r i t i e s ,  
and introduced i n t o  a p i p e l i n e  a s  syn the t ic  n a t u r a l  
gas  ( SNG) . 

The e f f l u e n t  f r a n  t h e  d i g e s t e r s  passes  through 
a vacuum f i l t e r .  To d a t e ,  t h e  f i l t r a t e  h a s  been  
t o t a l l y  recycled o r  s to red  i n  a second d i g e s t e r .  The 
f i l t e r  cake, which i s  s t a b l e  and has been a s  high a s  
25 percen t  s o l i d s ,  is  s e n t  t o  t h e  l a n d f i l l .  Future 
e x p e r i m e n t s  w i l l  s e a r c h  f o r  p r o d u c t i v e  u s e s  o f  t h e  
f i l t e r  cake. It  h a s  been hown to a i r  d r y  quickly. I f  
a s o l i d s  con ten t  of  cwer 35 percent  can b e  achieved, it 
w i l l  burn and is expected t o  have s u f f i c i e n t  energy t o  
pover t h e  process. 

Experiment Objec t ives  and Phases 

Most o f  t h e  p r o j e c t  experiments w i l l  be concen- 
t r a t e d  on d i g e s t e r  performance. Since t h e  d i g e s t e r s  
a r e  designed t o  run with f ixed  volrnne, t h e  v a r i a b l e s  
a r e  p r o c e s s  c o n d i t i o n s  s u c h  a s  r e s i d e n c e  t i m e  and 
w l i d s  loading.  

A d e t a i l e d  experimental program has been developed 
f o r  t h e  f a c i l i t y  t o  eva lua te ,  i n  phases, s e v e r a l  inde- 
p e n d e n t  v a r i a b l e s .  The most  s i g n i f i c a n t  a r e a s  t o  
be s tud ied  a re :  ( 1 )  methane p r o d w t i o n  per u n i t  o f  
organic s o l i d s  f e d ,  ( 2 )  r e d ~ t i o n  in w l i d s  remaining 
f o r  u l t imate  d i s p o s a l ,  ( 3 )  mixing c h a r a c t e r i s t i c s  of 
t h e  urban waste/sewage s ludge s l u r r y ,  ( 4 )  dewatering 
c h a r a c t e r i s t i c s  o f  t h e  r e a c t o r  s l u r r y ,  ( 5 )  p r o c e s s  
s t a b i l i t y ,  ( 6 )  energy requirements  f o r  opera t ion ,  and 
( 7 )  c h e m i c a l  c o s t s  f o r  n u t r i e n t s  and pH c o n t r o l .  

The v a r i o u s  p h a s e s  o f  e x p e r i m e n t a t i o n  i n c l u d e  
d e t e r m i n a t i o n  o f  optimum f e r m e n t a t i o n  t e m p e r a t u r e s  
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Table X I .  Advantages of  BWsophilic and 
Thermophilic Conditions 

BWsophilic Thermophilic 

r L e s s  wate r  vapor  i n  E i g h e r  r a t e  o f  d i g e s -  
gas. t i o n  and methane  pro- 

d u c t i o n  r e s u l t i n g  i n  
L e s s  C 0 2  i n  g a s .  s h o r t e r  r e t e n t i o n  t lme 

and s m a l l e r  d i g e s t i o n  
v o l u m e  f o r  t h e  same 
t r a s h  t h r o u g h o u t .  

More t y p e s  o f  b a c t e -  Decrease in n e t  sludge. 
r i a  grow and produce  
methane. D e s t r u c t i o n  o f  m o r e  

pa t h o g e n i c  o rgan isms .  

Lower hea t ing  require-  P o t e n t i a l  f o r  increased 
ments. d i g e s t i o n  e f f i c i e n c y .  

Plore r a p i d  regenera t ion  
o f  p o p u l a t i o n  a f t e r  
p a r t i a l  s o u r i n g .  

E a s i e r  m a i n t e n a n c e  o f  
a n a e r o b i c  c o n d i t i o n s .  

(mesophilic and thermophil ic)  (Table X I ) ,  eva lua t ion  o f  
feed prepara t ion ,  eva lua t ion  of  feed s o l i d  concentra- 
t i o n  and res idue  recyc le ,  eva lua t ion  o f  pH and n u t r i e n t  

i requirements, res idue  dewatering, and res idue  d i sposa l .  
T a b l e  111 i l l u s t r a t e s  t h e  r a n g e  o f  v a r i a b l e s  t o  b e  
inves t iga ted .  

As of t h i s  d a t e ,  t h e  experiment has focused on 
t h e  use of  mesophilic temperatures  using s l u r r y  feed 

I c o n c e n t r a t i o n s  of  n i n e  p e r c e n t  and t e m p e r a t u r e s  o f  
100°F. Retention times were 30 days and 20 days with a 
p a r t i c l e  s i z e  of 1.5 inches.  The d a t a  obtained w i l l  be 

I o f  most value a s  a b a s e l i n e  f o r  t h e  process ,  and f o r  
canparing labora tory  and RefaM r e s u l t s .  

S ta r t -up  and Modif icat ions 

As with any complex manufacturing p l a n t  o r  pro- 
cess ing  f a c i l i t y ,  s t a r t - u p  i s  no t  a simple t ask .  This 
i s  e s p e c i a l l y  t r u e  a t  an experimental f a c i l i t y  such a s  m, For example, t h e  Ref a s t a r t - u p  program began / M r c h  15, 1978. Minor modif icat ions were needed on t h e  
conveyors t o  r e l i e v e  r e s t r i c t i o n s  a t  t r a n s i t i o n  po in t s .  
An e l e c t r i c a l  system check-out was campleted and t h e  
b e l t  t r ack ing  and v i b r a t i o n  were checked. Same defec- 
t i v e  p a r t s  were loca ted  and replaced.  In Apr i l ,  r e p  
r e s e n t a t i v e s  from s u p p l i e r s  a r r i v e d  t o  make adjustments  
on t h e  i n s t a l l e d  equipnent. During this period t h e  
open conveyors, open s i d e s  on the  processing bu i ld ing  
and t h e  winds o f  South F lor ida  c r e a t e d  a problem o f  

Table 111. Variables  i n  Anaerobic Digest ion 
to be Inves t iga ted  

Range Measure 

Temperature 
Mesophilic 
Ihermophilic 

Hydraulic r e t e n t i o n  time 
Feed s l u r r y  concent ra t ion  
Loading r a t e  

F i l t r a t e  ( c e n t r a t e )  recyc le  
PH 
P a r t i c l e  s i z e  
Nitrogen 
Phosphorus 

*P 
P 

days 
0 d r y  e o l i d s  
lb volume 

8olids/day/CP 
% 

inches 
(mg/l) 
(mg/l) J 

t r a s h  dispersion t h a t  demanded an e a r l y  s o l u t i o n .  The 
e a s i e s t  method was j d g e d  to be  c w e r i n g  t h e  trammel 
and exposed conveyors. The c w e r s  were designed and 
b u i l t  on S i t e *  A heavy metal  box with hinged l i d  and 
rubber s k i r t s  rubbing on t h e  b e l t  was devised.  ~t was 
e f f e c t i v e ,  a l though l a c k  of a t t e n t i o n  t o  d u s t  c o n t r o l  
has  r e s u l t e d  i n  more d u s t  than w u l d  be d e s i r a b l e  i n  a 
canmercial-scale f a c i l i t y .  

By June, waste ms being processed and a s e r i e s  of 
nagging problems mlved .  For example, inpu t  waste was 
p i n c h e d  a g a i n s t  a n  e l e v a t i n g  c l e a t e d  conveyor  by a 
l w e l i n g  p l a t e .  The p l a t e  was reversed to shear  off  
the t o p  r a t h e r  than campress t h e  waste on t h e  b e l t .  A 
v f b r a t i n g  feeder  to t h e  tromtiel f requent ly  jammed and 
eventua l ly  had t o  b e  remwed. 

The secondary shredder  has been t h e  most persis- 
t e n t  problem. It has  a number of  d e f i c i e n c i e s  f o r  ser-  
v i c e  of municipal waste. Although intended f o r  l e s s  
t h a n  t h r e e - i n c h  m a t e r i a l ,  it had a two-inch t h r o a t  
opening uhen de l ivered .  In a d d i t i o n ,  it had no junk 
chute. As a r e s u l t ,  f e r r o u s  meta l s  passing through t h e  
magnet had no e x i t  u n l e s s  t h e y  e i t h e r  wore down enough 
to pass  t h e  g r a t e  o r  broke t h e  g r a t e s .  f i n a l l y ,  t h e  
ahredder operated a s  a l a r g e  fan ,  and even with t h e  
c w e r s  it blew d u s t  RDF out  o f  any a v a i l a b l e  openings. 
Extensive in-house modi f ica t ions  opened t h e  t h r o a t  and 
provided a d u s t  c o n t r o l  system, al though t h e  l a t t e r  
h a s  c r e a t e d  some f i r e s  i n  t h e  b a g  house .  The b e s t  
s o l u t i o n  has been s t a t i o n i n g  personnel a t  t h e  trommel 
discharge t o  remwe bulky items. 

The weigh f e e d e r  posed a n o t h e r  problem. The 
a c t u a l  d e n s i t y  of  t h e  m a t e r i a l  conveyed on it was only 
about one-half o f  what was expected. Eventually, t h e  
b e l t  speed was doubled and t h e  load measurement system 
replaced and r e c a l i b r a t e d .  

The f i n a l  d i g e s t e r  problem concerned t h e  t r a n s p o r t  
of m a t e r i a l  a t  10 t o  15 percen t  s o l i d s .  The o r i g i n a l  
design was f o r  a screw feeder .  I n i t i a l  con jec ture  was 
t h a t  m a t e r i a l  might flow i n  by grav i ty .  In r e a l i t y ,  
t h e  m a t e r i a l  f requent ly  jammed t h e  screw. A r o t a r y  
star va lve  replaced t h e  screw b u t  it has not  p r w e n  
e n t i r e l y  s a t i s f a c t o r y .  

S t r i n g s  of  t e x t i l e  and p l a s t i c  p resen t  i n  t h e  feed 
interweave with c e l l u l o s e  f i b e r s  and sometimes weigh a s  
much a s  80 pounds e a c h .  These b r e a k  f r e e  from t h e  
premix t a n k  a g i t a t o r  and s t a r  valve.  They a l s o  tend t o  
unbalance t h e  mixer and w e r l o a d  t h e  motor. They a r e  
now c o n t r o l l e d  by f r e q u e n t l y  remwing them by hand and 
by s t a t i o n i n g  men a t  t h e  trommel. After  cons iderab le  
r e s e a r c h ,  a w i r e  sys tem i s  b e i n g  i n s t a l l e d  i n  t h e  
trommel s o  t h a t  t h e  longer  t e x t i l e s  can wrap around it 
and be remwed. 

Since August, 1978, t h e  d i g e s t e r s  have been pro- 
d ~ i n g  gas. However, many problems with t h e  processing 
equipnent prevented a s teady  and adequate supply of 
feed t o  t h e  d i g e s t e r s .  Therefore,  gas  product ion has 
f l u c t u a t e d  and has no t  achieved expected results. How- 
ever ,  t h e  d i g e s t e r s  - re  no t  heated ( t h e y  s t a b i l i z e d  a t  
about 30°C/850P) and t h e  s o l i d s  con ten ts  d i d  not  exceed 
three,  percen t  ( v e r s u s  an expected opera t ion  a t  e i g h t  
percen t ) .  I n c i d e n t a l l y ,  t h e  mechanical mixers have oper- 
a t e d  a t  l e s s  than  10 percen t  o f  t h e i r  a v a i l a b l e  p w e r  
and have apparen t ly  c a n p l e t e l y  mixed t h e  tank. Even 
when s h u t  down t h e y  h a v e  broken  up t h e  scum l a y e r .  

During t h e  e a r l y  summer o f  1979 t h e  f a c i l i t y  began 
producing r e f u s e  der ived  f u e l  a t  design capac i ty  and 
t h e  e x p e r i m e n t a l  program i s  commencing. S e p a r a t e  
e n v i r o n m e n t a l  s t u d i e s  o f  t h e  f a c i l i t y  s p o n s o r e d  by  
Dog's a s s i s c a n t  s e c r e t a r y  of  t h e  env i ronment  a r e  
ongoing. 'Ib d a t e ,  tests of  t h e  e f f l u e n t s ,  t h e  pro- 
duc ts  and t h e  processing f a c i l i t i e s  have n o t  developed 
any s i g n i f i c a n t  problems. 

CONCLUSION 

The Refawl f a c i l i t y  a t  Pompano Beach i s  an oper- 
a t i o n  u t i l i z i n g  t h e  age-old p r o c e s s  o f  a n a e r o b i c  
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diges t ion .  ~t is  fermenting urban waste Under con- 
t r o l l e d  condi t ions  t o  a mixture of  methane and. carbon 
dioxide.  This proof-of-concept f a c i l i t y  is  p r w i d i n g  
information t h a t  makes it p o s s i b l e  not  o n l y  t o  d i spose  
o f  urban waste, but  t o  c o l l e c t  methane t h a t  can b e  used 
by homes and i n d u s t r i e s  i n  the same way that p i p e l i n e  
q u a l i t y  gas  i s  now used. 

The f a c i l i t y ,  b u i l t  fram t h e  research-oriented 
bench-sca le  model o f  John  T. P f e f f e r ,  i n c o r p o r a t e s  
s tate-of- the-ar t  information. Bouever , s t a r t - u p  pro- 
c e d u r e s  have  i d e n t i f i e d  e n g i n e e r i n g  d e s i g n  s h o r t -  
canings, and t h e  in i t ia l  opera t ion  of  t h e  p l a n t  pro- 
v i d e d  new i n f o r m a t i o n  r e l a t i n g  t o  t h e  h a n d l i n g  and 
processing of shredded re fuse .  

Anaerobic d i g e s t i o n  has a n m b e r  of problems t h a t  
must be  resolved before  it' becomes a commercial source 
o f  f u e l .  It i s  a slow process  and d i f f i c u l t  to con- 
t r o l .  Problems notwithstanding,  t h e  p rocess  ho lds  mlrh 
promise. Once opera t iona l  information is gathered and 
some prob lems  s o l v e d ,  it c a n  b e  a p p l i e d  t o  l a r g e r  
f a c i l i t i e s  with s i g n i f i c a n t  amounts of methane prodlred 
and used a s  a s u b s t i t u t e  f o r  s c a r c e  and e x p e n s i v e  
f o s s i l  f u e l s .  

On t h e  following pages a r e  i l l u s t r a t i o n s  of  t h e  
e q u i p e n t  and s t e p s  i n  the  p rocess  of convert ing urban 
waste to methane through anaerobic d iges t ion .  

GLOSSARY OF TERMS 

Air c l a s s i f i c a t i o n  - separa t ion  of  waste p a r t i c l e s  
a c c o r d i n g ' t o  weigh t  t h r o u g h  a n  a i r  b lower  system. 

Anaerobic d i g e s t i o n  - fermentat ion o r  breakdown of 
o rgan ic  m a t e r i a l  under oxygen reduced o r  oxygen f r e e  
condit ions.  

Bio-mass - renewable feedstocks used to  ob ta in  
f u e l s  and chemical feedstocks. 

F i l t r a t e  r e c y c l e  - a f t e r '  sane of  t h e  suspended 
s o l i d s  have been removed from t h e  d i g e s t i o n  process ,  
a c e r t a i n  amount of e f f l u e n t  can b e  incoming feed a s  
makeup l i q u i d .  This  procedure can accanplish conserva- 
t i o n  o f  l i m i t i n g  so lub le  n u t r i e n t s ,  e.g., n i t rogen  and 
m i n e r a l s ,  and  c o n s e r v a t i o n  o f  h e a t .  The l a t t e r  i s  
e s p e c i a l l y  i m p o r t a n t  a t  t h e r m o p h i l i c  t e m p e r a t u r e s .  

hont -end  o r  feed prepara t ion  process  - acceptance 
o f  raw urban  s o l i d  was te  w i t h  v a r y i n g  c o m p o s i t i o n ,  
t e x t u r e ,  and moisture con ten t ,  and t h e  conversion o f  
t h i s  input  t o  a r e l a t i v e l y  hanogeneous feedstock t o  
meet t h e  needs of  t h e  methane-producing d i g e s t i o n  pro- 
cess .  

Gas product ion - approximately 13 cubic f e e t  o f  
g a s  w i l l  b e  p roduced  p e r  pound of  v o l a t i l e  s o l i d s  
destroyed (=0.8 l i t e r / g  VS). Of t h i s ,  50 t o  65 percen t  
w i l l  b e  CHq. T h e r e f o r e ,  6.5 t o  8.5 c u b i c  f e e t  o f  
CH4/lb VS destroyed (=0.4 t o  0.5 l i t e r / g  VS) w i l l  be 
produced, t h e  balance being 022. 

I f  50 p e r c e n t  o f  t h e  v o l a t i l e  s o l i d s  f e d  i s  
destroyed t h e  amount o f  methane produced i s  3.25 to 
4.25 cubic f e e t / l b  v o l a t i l e  s o l i d s  fed  ( ~ 0 . 2  t o  0.25 
l i t e r / g  VS) . 

Nutr ien t s  - in a d d i t i o n  to organic mat te r  t h a t  
s u p p l i e s  e n e r g y  end c a r h o n  r e q u i r e d  f o r  bacterial 
growth, n u t r i e n t s  such a s  n i t rogen  and v a r i o u s  minera l s  
a r e  required.  h e  s u b s t r a t e s  (e.g., manures) con ta in  
adequate amounts o f  t h e s e  n u t r i e n t s  while o t h e r s  (e.g., 
urban r e f u s e  which i s  mainly c e l l u l o s i c )  have l i t t l e  
t h u s  r e q u i r i n g  addi t ions .  Much n u t r i e n t  a d d i t i o n  can 
be  a l l e v i a t e d  by f i l t r a t e  recyc le .  

pH - optimum pH i s  about 7.0. The r a t e  o f  metha- 

nogenesis drops a s  pH drops. 
Retent ion time (RT) - mean t ime,  i n  days,  t h a t  

a camponent w k l l  remain i n  t h e  d i g e s t e r .  Optimum 
r e t e n t i o n  time may be  f r a n  f i v e  t o  30 days depending 
on o t h e r  condit ions.  Theore t ica l ly ,  a s h o r t e r  reten-  
t i o n  t ime w i l l  f o r c e  t h e  b a c t e r i a  to grow and metabo- 
l i z e  a t  a g r e a t e r  r a t e .  P r a c t i c a l l y ,  a longer  than 
minimum r e t e n t i o n  t ime is d e s i r e d  t o  achieve g r e a t e r  
system & a b i l i t y .  Generally, a thermophilic regime 
w i l l  accammodate s h o r t e r  r e t e n t i o n  t ime than a meso- 
M i l i c  one. 
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