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USE OF RUMINANT ANIMALS IN REFUSE DISPOSAL 

(A Study fo r  P e r th , W estern A u s tra lia )

By

C lif fo rd  C arlton  Holloway

Among the  la rg e s t  problems fac in g  man today a re  food , energy , and 
the d isp o sa l o f w aste. These problems have a sym biotic  r e la t io n s h ip ,  
i . e . , to  u n i la te r a l ly  so lv e  one o f them would soon je o p a rd iz e  the  func­
tio n  o f the  o th e rs ;  th e re fo re , s o lu tio n s  w i l l  only be found where the 
p roduction  o f  food and energy along w ith  d isp o sin g  of the  r e s u l t in g  w aste 
becomes one system .

The purpose of t h i s  re p o r t  i s  to  s tudy  th e  problems o f^ p lk f tt t ic u la r  
community and p re se n t s o lu tio n s  fo r  which a s o c ia l ly  a cc e p tab le  and 
econom ically  v ia b le  technology e x is t s  a t  th i s  tim e.

Problems of food, energy and the  r e s u l t in g  w aste could be am elio­
ra te d  in  P e r th , Western A u s t r a l ia ,  by a com bination o f rum inant anim als 
e a tin g  a p o rtio n  o f the re fu se  and the  ba lan ce  o f the  o rg an ics  being 
decomposed in  an anaerob ic  d ig e s to r  along w ith  feces and u rin e  of the  
an im als. T ests  prove th a t  adequate r a t io n s  fo r rum inant anim als can 
be form ulated  from the  o rg an ic  f r a c t io n  o f m unicipal w aste and th a t  th e i r  
feces  and u rin e  would supply  c e l lu lo s e  a tta c k in g  enzymes to  th e  anaerobic 
d ig e s to r .  This could be of env ironm ental s ig n if ic a n c e ; th a t  i s ,  le ss  
Impact on the  environment and an improved q u a lity  o f  l i f e  w i l l  r e s u l t  
due to  :

1. The o rgan ic  f r a c t io n  o f m unic ipal w aste could be re tu rn ed
to  the environment in  a manner com patible w ith  the ecosystem s.

2. Animal food and f ib e r  would be produced by the  rum inant 
anim als from m a te r ia l  which i s  o therw ise  a source o f p o llu tio n .

3. Energy would be produced in  the  form o f CĤ  (methane) from 
the decom position o f th e  b a lan ce  o f the  o rg an ic  f r a c t io n .

4. P ro te in  in  the  c e l l s  o f th e  anaerob ic  m icrobes could be h a r­
v ested  fo r  anim al food.

5. The anaerob ic  d ig e s to r  could  p rov ide  su p ern a tan t fo r  
growing algae thereby  p ro v id in g  fu r th e r  p ro te in  and making 
the  waste w ater more s u i ta b le  fo r  re tu rn in g  to  the  ecosystem .

The technology e x is t s  fo r  s e p a ra tin g  the  o rgan ic  f r a c t io n  of muni­
c ip a l  w aste from the m e ta ls , g la s s ,  e t c . ,  so th a t  th e  l a t t e r  may be re ­
cycled o r d isposed of in  a l a n d f i l l .  A lso , th e  technology fo r  anaerobic 
d ig e s tio n  o f  o rgan ic  w astes and u t i l i z i n g  the r e s u l t in g  methane gas has 
e x is te d  fo r  more than 50 y ears  in  th e  f i e l d  of s a n ita ry  en g in ee rin g .
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USE OF RUMINANT ANIMALS IN REFUSE DISPOSAL 

(A STUDY FOR PERTH, WESTERN AUSTRALIA)

CHAPTER I

A. In tro d u c tio n

Among the m ajor problems fac ing  man today a re  food , energy and the 

d isp o sa l o f w aste . These problems have a sym bio tic  r e la t io n s h ip ,  i . e . ,  

to  u n i l a t e r a l ly  so lve  one o f them would soon je o p a rd iz e  the fu n c tio n  of 

the  o th e rs .  T h ere fo re , s o lu tio n s  w i l l  be found only where the p roduction  

o f food and energy , along w ith  the  d isp o sa l of th e  r e s u l ta n t  w aste , becomes 

one system .

The r e s p o n s ib i l i ty  fo r  waste d isp o sa l i s  u su a lly  w ith  th e  m unicipal 

government. The u ltim a te  s o lu tio n s  to  m unicipal re fu s e  problems are  

c lo se ly  connected w ith  a r c h i te c tu r e ,  en g in ee rin g , urban p lan n in g , m arketing 

and p a t te rn s  of consumption. These " u ltim a te  s o lu t io n s "  w i l l  re q u ire  

s o c ia l  change in  the  form of m odified l i f e - s t y l e s  and b e h av io ra l p a t te rn s .  

T h ere fo re , because of th e i r  com plexity , th e se  " u lt im a te  so lu tio n s "  a re  

perhaps in  th e  d is ta n t  fu tu re .
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The purpose o f th i s  paper i s  to  study  th e  w aste d isp o sa l problems 

of a p a r t ic u la r  community and p re se n t so lu tio n s  fo r  which a s o c ia l ly  ac­

cep tab le  and econom ically  v ia b le  technology e x is t s  a t  t h i s  tim e .

These problem s of food, energy and th e  r e s u l ta n t  w aste could be 

am elio ra ted  in  P e r th , W estern A u s tra l ia ,  by a com bination of ruminant 

anim als e a tin g  a p o r t io n  of th e  r e fu s e ,  and th e  rem ainder of th e  o rg an ics  

being decomposed in  an anaerob ic  d ig e s to r ,  a long w ith  th e  fe c e s  and u r in e

of the  an im als. T es ts  in d ic a te  th a t  adequate r a t io n s  fo r  rum inant anim als
1 27 28can be form ulated from the  organ ic  f r a c t io n  o f m unicipal w aste , ’ ’

and th a t  th e  fe c e s  and u rin e  from the  anim als would supply c e l lu lo s e  decom-
2

posing and methane producing enzymes to  the  an aero b ic  d ig e s to r .  A system 

in c o rp o ra tin g  th e se  fe a tu re s  could be o f environm ental s ig n if ic a n c e  in  th a t  

i t  could p rov ide  a means of m unicipal re fu se  management w ith  le s s  impact on 

the  environm ent th an  those  c u r re n tly  used . An improved q u a l i ty  of l i f e  

would r e s u l t ,  due to  th e  fo llow ing  advan tages:

1. The o rg a n ic  f r a c t io n  o f m unicipal w aste  could be re tu rn ed  to  

the  environm ent in  a manner com patible w ith  the  ecosystem s.

2. Animal food and f ib e r  would be produced by the  rum inant anim als 

from m a te r ia l  which i s  o therw ise  a source o f p o l lu t io n .

3. Energy would be produced in  the  form o f CĤ  (methane) from 

the fe rm en ta tio n  o f the  balance o f the  o rg an ic  f r a c t io n .

4. P ro te in  in  the  c e l l s  of the an aerob ic  m icrobes could be h a r­

v ested  fo r  anim al fo o d .^

5. The an aero b ic  d ig e s to r  could p rov ide  su p e rn a tan t n u tr ie n ts  fo r

growing a lg a e , th e re b y  p rov id ing  fu r th e r  p ro te in  and making the  w astew ater
4 15more s u i ta b le  fo r  re tu rn in g  to  th e  ecosystem . ’

—2—



The technology e x is t s  fo r  s e p a ra tin g  th e  organ ic  f r a c t io n  of

m unicipal w aste from th e  m e ta ls , g la s s ,  e tc .  so th a t th e  l a t t e r  may be

recy cled  o r s a fe ly  d isposed of In  a l a n d f i l l  o r o th e r means.

a d d it io n , th e  technology fo r  an aero b ic  d ig e s t io n  of o rgan ic  w astes and

u t i l i z i n g  th e  r e s u l t in g  methane gas has been ap p lied  by s a n i ta ry  en g in eers
7 1fo r  more than f i f t y  y e a rs . ’ ’

V ia b i l i ty  of T o ta l Scheme

This scheme I s  econom ically  v a l id  because I t  o p e ra te s  as a t o t a l  

system  and tak es  advantage o f some s i tu a t io n s  th a t a re  unique to  W estern

A u s tra l ia .
Im portant f a c to r s  a re :

1. Moderate tem peratu res and abundant su n lig h t fo r  a lg ae  growth.

2. High o rgan ic  con ten t o f w aste due to  the lack  o f r e s id e n t i a l  

garbage g r in d e rs .

3. P r ic e  o b ta in a b le  fo r  n a tu ra l  gas ($2.70 per 10^ B tu 's  In  P e r th , 

A u s tra l ia ,  compared to  $0.35 p e r 10^ BTU In  Oklahoma C ity , 

Oklahoma).

4. Rapid e s c a la t io n  In  th e  p r ic e s  o f p ro te in  fo r  anim al food 

supplem ents. A com bination o f f a c to rs  have caused sh o rtag es  

In  animal feed  p ro te in  supplem ents u n p a ra lle le d  In  peacetim e: 

f a i lu r e  o f Peruvian f i s h  h a rv e s t ,  red u c tio n  o f c e re a l re se rv e s  

throughout the  w orld , and ra p id  p o p u la tio n  growth.

B a s ic a lly  the  system  p ro cesses  m unicipal re fu se  by:

1. M echanical and h y d ra u lic  s e p a ra tio n  of th e  re fu s e .

-3-



2. Animal r a t io n  fo rm ulation  from a  p o r t io n  o f the  o rg an ic  f r a c t io n  

o f th e  w aste .

3. A naerobic decom position of th e  anim al fe c e s  and u r in e ,  a long  w ith

th e  rem ain ing  o rgan ic  f r a c t io n  o f th e  r e fu s e .

4. H arv estin g  th e  c e l l s  (p ro te in )  o f  th e  an aero b ic  m icrobes.

5. Growing a lg a e  fo r  h a rv es t on th e  e f f lu e n t  from th e  r e a c to r .

This system  would then be env ironm enta lly  d e s ir a b le  and s o c ia l ly

a cc e p tab le , a s  w e ll as  econom ically f e a s ib le .

B. D e f in it io n s  o f Terms fo r  Wastes

Due to  th e  ambiguous use o f such words as "g arb ag e ,"  I t  I s  n ecessa ry  

to  s e t  down ex ac t d e f in i t io n s  of term s. The American P u b lic  Works A ssocia­

tio n  has a r r iv e d  a t  th e  most w idespread meanings o f a r t i c l e s  d isca rd ed  

by th e  community. These terms a re  Included in  Appendix A and a re  summarized 

in  Table 1 -1 , pp. 7-8 fo r  comparison w ith  W estern A u s tra lia n  te rn s  used here .

The P u b lic  H ealth  Department o f W estern A u s tra l ia  u ses th e  fo llo w in g
g

d e f in i t io n s  in  "A R eport on Community Waste In  P e r th  M etro p o litan  Region" :

1. Commercial Waste

Waste produced by shops and o f f ic e s  and c o n s is ts  la rg e ly  o f  

flb re b o a rd  c o n ta in e rs , wooden c r a te s ,  paper packaging, p ap er, 

c a rd s , e t c .  Also Includes w aste  from h o te l s ,  r e s ta u r a n ts  and 

h o s p i ta l s .
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2. Community Waste

The to ta l  s o l id  w aste generated  by the  community, in c lu d in g  

w aste from in d u s t r ia l  o r tra d e  p rem ises.

3. Domestic Waste

A ll s o l id  w aste generated  in  p r iv a te  dw ellin g s  such as  garbage, 

lawn c lip p in g s , a sh e s , packaging, w aste from re p a ir  and redeco­

r a t in g ,  old c lo th in g , o ld  f lo o r  co v erin g s, and o ld  fu rn ish in g s , 

and which a re  removed by a re g u la r  Local A u th o rity  s e rv ic e .

4. Dem olition Waste

A ll waste from th e  c o n s tru c tio n  o r dem o litio n  o f b u ild in g s  o r 

o th e r s t ru c tu re s .

5. Garbage

The anim al and v e g e ta b le  w aste r e s u l t in g  from h an d lin g , p rep a ra ­

t io n , cooking and se rv in g  of food. I t  i s  composed la rg e ly  of 

p u tre s c ib le , o rg an ic  m a tte r and in c lu d es  a minimum of f r e e  

l iq u id s .  The term  "garbage" may a lso  be a p p lie d  to  wet re fu se  

and "pig  s w i l l . "

6. I n d u s t r ia l  S o lid  Waste

A ll s o lid  w aste from in d u s t r ia l  p ro cesso rs  such as m anufacturing 

o p e ra tio n s , f a c to r ie s ,  r e f in e r i e s ,  e tc .

7. In d u s t r ia l  L iquid  Waste

O rig in a te s  from same sources as  I n d u s t r ia l  s o l id  w aste bu t i s  

l iq u id  in  n a tu re . Some in d u s t r ia l  l iq u id  w aste i s  h ig h ly  

to x ic .

-5-



8. L iquid  Waste

A ll l iq u id  w aste removed from g rease  tra p s  o r  Impermeable re c e p t­

a c le s  and In c lu d es  the  c o n te n ts  removed from s e p t ic  tan k s  and 

a l l  ty p es  o f soak w e lls  and s u lla g e  w aste .

9. Mining Waste

P rocessed  or unprocessed m in e ra ls  g enera ted  In  la rg e  q u a n t i t i e s  

In  th e  course  o f mining a c t i v i t i e s ,  o re  p ro c e ss in g , and e x tra c ­

t iv e  In d u s tr ie s .

10. M unicipal Refuse

A ll s o l id  w aste c o lle c te d  from p r iv a te  d w e llin g s , commercial 

p rem ises , tra d e  and some I n d u s t r i a l  p rem ises , by m unicipal 

C o lle c tio n  s e rv ic e s  o r p r iv a te  c o n tra c to rs  a c t in g  on b e h a lf  

o f a  m unicipal body.

11. Refuse

For the  purposes o f t h i s  r e p o r t  In c lu d es  garbage, l i t t e r ,  a sh e s , 

s t r e e t  sw eepings, lawn c l ip p in g s ,  t r e e  lo p p in g s , ru b b le  and 

o th e r  b u i ld e r s ' w aste , unwanted household m a te r ia l ,  and d e r e l i c t  

motor v e h ic le s .

12. Sewage

The H ealth  Act o f 1911 -  73 d e f in e s  sewage as  "any k ind  of 

sewage, n lg h ts o l l ,  f a e c a l m a tte r  o r  u r in e , and any w aste 

composed w holly o r In  p a r t  o f l i q u id . "
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TABLE 1-1

C la s s if ic a t io n  o f Refuse M ate ria ls

Garbage
Wastes from th e  p re p a ra t io n , 
cooking, and se rv in g  of food. 
Market r e fu s e , w aste from 
the  h a n d lin g , s to ra g e , and 
s a le  o f produce and m eats.

Rubbish

Combusti­
b le
(p rim arily
o rgan ic)

P aper, cardboard , 
cartons
Wood, boxes, e x ce l­
s io r  
P la s t ic s
Rags, c lo th , bedding 
L ea th e r, rubber 
G rass, le a v e s , yard  
trimmings

Noncombusti­
b le
(p rim arily
in o rg an ic )

M eta ls , t i n  can s , 
m etal f o i l s  
D ir t
S tones, b r ic k s ,  
ce ram ics, crockery  
G la ss , b o t t le s  
O ther m inera l re fu se

Ashes Residue from f i r e s  used fo r  cooking 
and fo r  h e a tin g  b u ild in g s , c in d e rs

Bulky
Wastes

Large auto  p a r t s ,  t i r e s
S toves, r e f r i g e r a to r s ,  o th e r  la rg e
app liances
F u rn itu re , la rg e  c ra te s
T ree s , b ra n c h es , palm fro n d s , stumps
f lo ta g e

S tr e e t
Refuse

S tr e e t  sw eepings, d i r t  
Leaves
Catch b a s in  d i r t
C ontents o f l i t t e r  re c ep ta b le s

Refuse
(S o lid
Wastes)

From:
h ouseho lds, 
i n s t i t u t i o n s , 
and commer­
c i a l  con­
cerns such 
as h o te ls ,  
s t o r e s , 
r e s ta u r a n ts , 
m arkets, e tc .

From: 
s t r e e t s , 
s id ew a lk s , 
a l l e y s , 
vacant l o t s , 
e tc .
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TABLE 1-1 
(Continued)

Dead
Animals

Small anim als : c a t s , dogs, 
p o u l try ,  e tc .
Large anim als : h o rs e s , cows, 
e tc . From:

s t r e e t s .
Abandoned
V ehicles

A utom obiles, tru ck s s id ew a lk s , 
a l l e y s , 
vacant

C onstruction  
& Demoli­
t io n  Wastes

Lumber, ro o f in g , and sh ea th in g  
sc rap s
Rubble, broken c o n c re te , p l a s t e r ,  
e tc .
C onduit, p ip e , w ire , in s u la t io n ,  
e tc .

l o t s ,  e tc .

Refuse
(S o lid
Wastes)

I n d u s t r ia l
Refuse

S o lid  w astes re s u l t in g  from 
in d u s t r i a l  p ro cesses  and manu­
fa c tu r in g  o p e ra tio n s  such a s ; 
fo o d -p ro cessin g  w a ste s , b o i l e r  
house c in d e r s , wood, p l a s t i c ,  
and m etal sc rap s  and sh av in g s , 
e tc .

From:
f a c to r i e s , 
power p l a n t s , 
e tc .

S p ec ia l
Wastes

Hazardous w a ste s : p a th o lo g ic a l 
w a s te s , e x p lo s iv e s , r a d io a c tiv e  
m a te r ia ls
S ecu rity  w aste s : c o n f id e n tia l  
documents, n e g o tia b le  p a p e rs , 
e t c .

H ouseholds, 
h o s p i t a l s , 
i n s t i t u ­
tio n s  , 
s to re s  j 
in d u s try , e tc

Animal & 
A g ricu l. 
Wastes

M anures, crop re s id u es Farms, 
feed  lo t s

Sewage
Treatm ent
Residues

Coarse sc re e n in g s , g r i t ,  
s e p t ic  tank  s lu d g e , dew atered 
sludge

Sewage 
trea tm en t 
p la n ts ,  e tc .
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c. Goals

The optim al approach to  so lv in g  the  s o lid  w aste problem must re ly  

on a two-pronged th r u s e . . . environm ental upgrading on the  one hand, and 

recovery of m a te r ia ls  and energy on th e  o th e r . These th ru s ts  depend upon 

one another and a re  m utua lly  s u p p o r t iv e .. .Recovery o f m a te r ia ls  and energy 

value of s o l id  w aste i s  no t an o p tio n , bu t a n e c e s s i ty . . . .We must s top  

a l l  open dumping in  t h i s  coun try . I t  i s  a cheap o p tio n  — too en v iro n -
9

m entally  c o s tly  to  be allow ed to  continued .

One cannot dea l ad eq u a te ly  w ith  w astes -  the  unreclaim ed by-p roducts 

of a complex in d u s t r i a l  s o c ie ty  -  as though they e x is te d  o u ts id e  th e  t o t a l  

s tru c tu re  o f s o c ie ty . The environm ental i l l s  r e la t in g  to  w astes a re  by­

products o f ones l i f e  s ty l e —th e  way one th in k s , o r f a i l s  to  th in k . They 

a re  w astes l e f t  over from th e  way one t ra n s p o r ts  o n e se lf  and goods; the  

way one produces and u t i l i z e s  energy; th e  way food i s  gorwn; roads a re  

b u i l t ,  goods a re  produced, packaged and disposed o f .

Refuse d isp o sa l i s  a so c io - te c h n ic a l problem, i . e . ,  i t  re q u ire s  a 

working r e la t io n s h ip  between e f f ic ie n c y  and d e s i r a b i l i t y .  The word " d is ­

posal"  im p lie s  " to  g e t r id  o f" ,  which i t  i s  im possib le  to  do; th e  re fu se  

has to  be so tre d , rec la im ed , o r converted in to  o th e r  u sab le  p ro p e r t ie s ,  

o r com binations of th e se .

Space to  s to re  our w astes i s  ra p id ly  being d e p le te d . For th a t  reason  

rec lam ation  and conversion  a re  the  rem aining o p tio n s . T h ere fo re , the  

o b je c tiv e  of th is  s tudy  i s  to  produce a s o c ia l ly  a c c e p ta b le , econom ically 

fe a s ib le  p o l lu t io n - f r e e  system  of rec la im ing  and co n v ertin g  m unicipal
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re fu se . This system should recy cle  a l l  m a te ria l and energy va lues of 

the re fu se  back in to  the ecosystem .
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C hapter 11

STATE OF THE ART OF TREATING MUNICIPAL REFUSE

A. G eneral

U n til r e c e n tly  s o l id  w aste management p ra c t ic e s  r e l i e d  upon 

d isp o sin g  of w aste in  land  f i l l s  o r  by in c in e r a t io n .  Open dumping i s  

s t i l l  a w idespread  p r a c t ic e .  However, th e  environm ental h aza rd s  and 

the p u b lic  n u isan ces  o f th ese  p o l ic ie s  a re  now w idely  reco g n ized . 

Government ag encies  a re  adopting  s t r i c t e r  s tan d a rd s  reg ard in g  the  

d isp o sa l o f s o l id  w aste . Communities and m u n ic ip a li t ie s  a re  con fron ted  

w ith  th e se  r e a l i t i e s  as w e ll as p re s su re s  from env iro n m en ta lly  concerned 

c i t iz e n s  who c a l l  fo r  programs th a t  a re  o r ie n te d  tow ards re c y c lin g  and 

rec lam atio n .

B. Need fo r  Resource Recovery

Because the  w o rld ’s n a tu ra l  re so u rce s  a re  ra p id ly  being  d e p le te d , 

in c re a s in g  im portance must be p laced  on th e  recovery  f o r  re  -  use  of 

v a lu ab le  re so u rce s  from w aste .

As s t r i c t e r  environm ental c o n tro ls  make w aste d is p o sa l more 

ex p en siv e , the  economics o f  reso u rce  recovery  become: more a t t r a c t i v e .
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At th f  samo tim e, the  co s t of energy i s  r i s i n g  so th a t  energy recovery  

from re fu s e  has an economic as  w e ll a s  a s o c ia l  v a lu e . In  the  U nited 

S ta te s ,  th e  "Second Report to  C ongress, Resource Recovery and Source 

R ed u c tio n ,"  (E .P.A . 1974) e stim ated  th a t  th e  energy p o te n t ia l ly  reco v erab le

from post-consum er r e s id e n t i a l  and commercial w aste could  supply 

roughly  1% o f th e  n a t io n 's  c u r re n t energy demands, about 7% o f th e  i ro n ,

8% of th e  aluminum, 20% of the  t i n ,  and 14% o f th e  paper consumed an n u a lly  

in  th e  U.S.A.

Resource recovery  has l e s s  im pact on th e  environm ent th an  p ro c e ss in g  

v i r g in  m a te r ia l .  "When th e  two p ro d u c tio n  system s a re  compared — one 

u sing  v i r g in  m a te r ia ls  and th e  o th e r ,  secondary m a te r ia ls  — th e  system  

u sing  w aste  causes le s s  a i r  and w a ter p o l lu t io n ,  g e n e ra te s  l e s s  s o l id
9

w aste , and consumes le s s  e n e rg y ."  The technology  fo r  re fu s e  s e p a ra tio n  

and reco v ery  i s  w e ll e s ta b l is h e d . There a re  many p la n ts  in  N orth  America 

and Europe s e p a ra tin g  m unic ipal re fu s e  in to  i t s  v a r io u s  conq>onents. O ther 

p la n ts  a re  " d ig e s tin g "  o rgan ic  w aste , then  u t i l i z i n g  the r e s u l ta n t  

m e t h a n e . G r o w i n g  and h a rv e s tin g  a lgae  i s  w i d e s p r e a d . I n  In d ia  

anim al manure has been d ig e s ted  and the  methane used fo r  more than 

twenty y e a r s . P l a n t s  fo r  d ig e s t in g  farm w aste and u t i l i z i n g  the  

r e s u l ta n t  methane were b u i l t  in  France s h o r t ly  a f t e r  World War I I .

However, no one p la n t i s  known to  in c o rp o ra te  th e  s p e c if ic  com bination o f p ro ­

c e sse s  a s  i s  proposed h e re . The proposed p la n t depends on e f f i c i e n t  anaero ­

b ic  d ig e s t io n . E x ce llen t d e s c r ip t io n s  o f t h i s  oxygen-devoid p ro cess  appear
12in  th e  l i t e r a t u r e .
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c . Technology fo r  T rea tin g  M unicipal Refuse

1. H is to r ic a l  and G eneral

Dr. Steve K lein  o f the  U n iv e rs ity  of C a l ifo rn ia  has re p o rte d  th a t  as 

e a r ly  as 1885 in  Southampton, England, o rg an ic  p o r tio n s  o f re fu se  were 

combined w ith  sewage in  anaerobic  d ig e s t io n  sim ply to  prove they  could
1 O

be combined. Early in  th is  cen tu ry , sewage trea tm en t p la n ts  in  

Levenon, P ennsy lvan ia , and Richmond, In d ia n a , were combining garbage 

w ith  sewage. The concept of anaerob ic  d ig e s tio n  of the o rgan ic  

f r a c t io n  of m unicipal re fu se  i s  c le a r ly  n o t new, b u t s c i e n t i f i c  d a ta  

on the  p rocess was no t a v a ila b le  u n t i l  t h i s  decade.

The e a r l i e s t  s c i e n t i f i c  experim ents on th e  anaerob ic  decomposi­

t io n  o f m uncipal re fu se  were conducted by Dr. S teve K le in . In  h is  

1967-68 experim ents Dr. K lein p u lv erized  th e  o rgan ic  f r a c t io n  of 

m unicipal w aste and added i t  to  sewage. This m ix ture  was in troduced  

in to  an anaerob ic  re a c to r  and he ld  a t  a tem peratu re  of 27-32°, th e re ­

by producing 13 cubic f e e t  of methane fo r  every pound of raw m a te r ia l  

in tro d u ced . Since th a t  time anaerob ic  d ig e s t io n  has been te s te d  and 

proven to  be an e f f e c t iv e  means of trea tm en t of c e r ta in  f r a c t io n s  of 

m unicipal s o l id  w aste .

One problem  encountered  in  decomposing re fu s e  in  a  r e a c to r  i s  to  

m ain ta in  an optimum carb o n -n itro g en  r a t i o .  I d e a l ly ,  t h i s  r a t i o  should  

be no more than  one p a r t  n itro g e n  to  t h i r t y  p a r t s  carbon. Because 

re fu se  i s  very  carbonaceous (approx im ately  80 p a r t s  carbon to  one p a r t
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n itro g e n )  i t  i s  n ecessary  to  add n itro g e n  fo r  c e l l  growth. Most 

p ro cesses  use sewage sludge fo r  t h i s  p u rp o se , s in ce  i t  has a compara­

t iv e ly  h igh  n itro g e n  and o th e r n u t r i e n t  co n ten t. However, the  a d d itio n  

o f sewage sludge  in tro d u ces  a l l  th e  pathogens in h e re n t in  i t  and i s  o f  

c o n s id e ra b le  concern to  th e  h e a lth  a u th o r i t i e s .  The p resence  of th e se  

p a thogens, in  ad d itio n  to  a e s th e t ic  c o n s id e ra tio n s , sev e re ly  l im its  the  uses 

of the  b y -p roducts  of th is  p ro cess . The feces of rum inant anim als have a 

d e s ira b le  n u tr ie n t  con ten t and could considerab ly  reduce the above o b je c tio n s .

The a b i l i t y  and d e s i r a b i l i ty  of using  anim als fo r  d isposing  of re fu se  

has been known fo r c e n tu r ie s . P r io r  to  th is  decade i t  was common fo r  a 

household to  have chickens e a t  ta b le  s c ra p s , and dogs and c a ts  su b s is te d  

on a s im ila r  d ie t .  G oats’ l ik in g  fo r  o ld  newspapers has been noted 

by fa rm ers. The n u t r i t io n a l  value of the  o rgan ic  f r a c t io n  of m unicipal 

re fu se  i s  common knowledge. The re fu se  ( s w ill)  from re s ta u r a n ts ,  h o te ls ,  

e t c . ,  has freq u e n tly  been fed to  sw ine. This was a recognized in d u s try  

in  North America more than one hundred y ears  ago. A ty p ic a l  example 

i s  W orcester, M assachusetts (popu la tion  then about 175,000):

S ince 1872 some p o rtio n s  o f the  c i ty  garbage have been 
taken  to  the  Home Fairm and fed  to  hogs. The Superin­
ten d en t s e n t a wagon in to  th e  c i ty  to  c o l le c t  enough 
garbage to  feed  them. The work has developed w ith  the  
growth o f the  c i t y ,  and in  1918, about 70% o f the  
garbage o f W orcester was taken  to  th e  Home Farm, where 
th e re  were from 2000 to  3000 hogs. A s p e c ia l  s o -c a l le d  
scavenging  departm ent has now been o rgan ized  to  handle 
th is  work. The garbage n o t c o l le c te d  by th is  d ep a rt­
ment i s  taken by p r iv a te  c o l le c to r s ,  and i s  a ls o  la rg e ly  
fed  to  hogs. 1
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The p re sen t o b je c tio n s  to  th is  p ra c tic e  In P e rth  a re  n o t based on 

n u t r i t io n ,  bu t on e x o tic  d isea ses  which might be In troduced  through 

Imported foods. The t r ic h in o s is  In fe c tio n  of swine In America Is  a t t r i ­

buted to feeding  s w il l  to  swine. Even though n u t r i t io n a l  q u a l i t ie s  have 

been long recogn ized , th e re  Is  l i t t l e  s c ie n t i f i c  d a ta  a v a ila b le  on the 

n u t r i t io n a l  value of the o rgan ic  f r a c t io n  of m unicipal w aste ,

2. Ruminant Animals; S im ila r i ty  o f Rumen and A naerobic R eac to r. 

Common rumen anim als Inc lude  cows, sheep , g o a ts ,  b u f f a lo ,  and 

camels. Dogs, c a t s ,  and chickens a re  non-rumens and th e re fo re  cannot 

u t i l i z e  c e l lu lo s e  fo r  energy .

In rum inan ts , a major p a r t  o f th e  d ig e s tio n  p ro cess  tak es  p lace  

by b a c te r ia l  a c tio n  and i t s  end product inc lu d es  a number o f m olecules 

le s s  complex than  th e  end p roduct o f  d ig e s tio n  in  anim als w ith  a 

more sim ple d ig e s t iv e  t r a c t .

S yn thesis tak es  p lace  In th e  rumen, because organisms grow, re ­

produce, and s to re  p o ly sacch arid es  and o th e r compounds th e re .  The 

high co n stan t tem peratu res (39° C) and the anaerobic  n a tu re  of the rumen 

are  a lso  Im portant fa c to rs .  Food e n te r in g  the rumen I s  mixed w ith  the 

m ic ro b ia l p o p u la tio n s  and remains th e re  fo r about n in e  hours on the 

average. During th is  tim e, c e l l u l l y t l c  b a c te r ia  and pro tozoa hydro- 

l ls e d  c e llu lo se  to  the d isacch a rid e  ce llo b lo se  and th e  monosaccharide 

g lucose . These sugars then undergo a m icrob ia l fe rm en ta tio n  w ith  the 

p roduction  of v o l a t i l e  a c ld s -p r lm a r ily  a c e t ic ,  p ro p io n ic  and b u ty r lc -
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and the gases carbon d iox ide and methane. The v o la t i l e  a c id s  pass

through th e  rumen w a ll in to  th e  b lood stream  and a re  o x id ized  by th e

anim als as i t s  main source of energy . In  a d d itio n  to  t h e i r  d ig e s t iv e

fu n c tio n s , th e  rumen m icro-organism s sy n th es ize  amino ac id s  and v itam ins

th a t  a re  th e  main source of th e se  e s s e n t ia l  n u t r ie n ts  fo r  th e  an im a l.

The rumen c o n te n t s ,a f te r  fe rm en ta tio n , c o n s is t  o f many m ic ro b ia l c e l l s

p lu s  p a r t i a l l y  d ig e s te d  p la n t  m a te r ia l  which p asses  in to  th e  stomach

and g a s t r o - in te s t in a l  t r a c t  o f th e  an im al, where they undergo d ig e s t iv e

p ro cesses  s im ila r  to  those of o th e r  an im als. M icrob ia l c e l l s  formed

in  th e  rumen and d ig e s ted  in  th e  g a s t r o - in te s t in a l  t r a c t  a re  th e  main

source o f p ro te in  and v itam ins fo r  the  anim al. However, th e  fe c es  and

u rin e  o f the  rumen anim al co n tinue  to  co n ta in  a h igh  p ercen tag e  o f 
2

m ic ro b ia l c e l l s .

With reg a rd  to  the  a c tu a l  amount o f m ic ro b ia l c e l l s  found in  

feces and u r in e ,  t e s t s  by I .  L. W illich  showed th a t  " th e  o rd e rs

o f magnitude o f the  m ic ro b ia l counts in  the  manure suspensions w ere:
o 5 6 5t o t a l  co u n ts , 10 ; anaerobes, 10 to  10 ; E sc h e rich ia  c o l i ,  10 ; e n te r -

o c o cc i, 10^ to  10^; and t o t a l  fu n g i, 10^ to  10^ p e r ml o f manure su s -  
2

p e n sio n ."

**rhe p resence  o f m ethane-producing b a c te r ia  has been w e ll e s ta b ­

l is h e d  in  c a t t l e  manure. S p ec ia l m ic ro b ia l techn iques a re  re q u ire d  to  

enum erate th e  rumen b a c te r ia  due to  the  anaerob ic  environm ent in  the  

rumen and th e  v a rie d  m etabo lic  c h a r a c te r i s t i c s  o f th e se  m lcrovorganlsm s.
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IL s u f f i c e s  to  say t h a t  the  m ic ro b ia l  p o p u la t io n  in  animal manure i s

more than adequa te  to  b r in g  about the  chem ica l t r a n s fo rm a t io n s  which
2

w i l l  occur when the  manure i s  mixed w ith  w a t e r . "
2

P r o f e s s o r  R. E. McKinney r e p o r te d  t h a t  when manure i s  mixed w ith  

w a te r ,  m ic ro b ia l  a c t i v i t y  i s  very  r a p id .  The oxygen i s  removed so 

q u ic k ly  t h a t  i t  has no s i g n i f i c a n t  e f f e c t  on th e  an ae ro b ic  b a c t e r i a  

t h a t  were growing in  the  manure p r i o r  to  i t s  d is c h a rg e  from th e  an im al.

The m ic r o f lo r a  in  the  rumen i s  b a s i c a l l y  the  same as t h a t  i n  an 

an ae ro b ic  r e a c t o r ;  they bo th  b reak  th e  c e l l u l o s e  m olecule down i n t o  

more u sab le  c a rb o h y d ra te s .  However, by i n c r e a s in g  the  d e te n t io n  time 

in  an an ae ro b ic  r e a c to r ,  i t  can be made to  decompose p a r t i c l e s  which 

a re  too r e s i s t a n t  f o r  th e  n in e  hour d e t e n t io n  time in  the rumen. For 

t h i s  r e a so n ,  i t  fo l lo w s  th a t  the  o rg a n ic  f r a c t i o n  o f  m un ic ipa l  w as te  

which i s  u n s u i t a b le  f o r  d ig e s t io n  by th e  rum inan t animal cou ld  be de­

composed in  an a n a e ro b ic  r e a c t o r ,  along  w i th  th e  fe c e s  and u r in e  o f  

the  an im als .  I t  i s  obvious t h a t  i t  i s  d e s i r a b l e  f o r  m u n ic ip a l  w as te  

to  be s e p a ra te d  i n t o  i t s  o rg a n ic  and in o r g a n ic  f r a c t i o n s  b e fo re  i t  i s  

fed  to  an im als  o r  in t ro d u c e d  i n t o  an a n a e ro b ic  r e a c t o r .

D. E x i s t in g  Resource Recovery P la n t s  in  th e  U .S .A .

There a re  numerous p l a n t s  i n  th e  U n ite d  S t a t e s  which s e p a r a t e  

m u n ic ip a l  r e f u s e  i n t o  i t s  v a r io u s  f r a c t i o n s .  The fo llo w in g  i s  a l i s t  

compiled by th e  E.P.A.

Types o f  r e s o u rc e  recovery  p r o j e c t s  b e in g  pursued  by com m unities: 

S t r i c t  M a te r i a l s  Recovery

F r a n k l in ,  Ohio
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Low ell, M assachusetts  

New O rle a n s ,  L o u is ian a  

Combustion of Refuse to  Produce Steam fo r  O f f -S i te  Use

C leve land ,  Ohio 

N a s h v i l l e ,  Tennessee 

Saugus, M assachuse tts

Akron, Ohio

Albany, New York

B a l t im o re ,  Maryland

B r a i n t r e e ,  M assachusetts

Recovery of Energy Through Use o f  P rep a red  S o lid  Waste as a Fuel In 
A U t i l i t y  Type B o i le r

Ames, Iowa

B rockton , M assachuse tts  

B r id g e p o r t ,  C onn ec t icu t  

Chicago, I l l i n o i s

Hackensack Meadowlands,
New J e rs e y

Hempstead, New York

H onolu lu , Hawaii

H ousa ton ic  V a lley ,  
C onnec t icu t

Lane Company, Oregon

Los A ngeles, C a l i f o r n i a

Madison, Wisconsin

Memphis, Tennessee

Milwaukee, W isconsin

Monroe Company, New York

Montgomery Company, Maryland

Montgomery Company, Ohio 

New B r i t a i n ,  C onnecticu t 

Palmer Township, P en n sy lv an ia  

S t .  L o u is ,  M issouri 

W ashington, D.C.

W ilmington, Delaware
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B ioconversion of Solid  Waste to  Produce Methane 

Los A ngeles, C a lifo rn ia  

Tuscon, Arizona 

Conversion o f S o lid  Waste to  Gas or O il Using P y ro ly s is

B altim ore , Maryland San Diego County, C a lifo rn ia

Denver, Colorado S e a t t le ,  Washington

K n o x v ille , Tennessee South C h arles to n , West V irg in ia

M inneapolis, Minnesota W estchester County, New York

Mt. Vernon, New York 

Anaerobic D igesto r

Although th e re  are  only two p la n ts  l i s t e d  as u sing  b ioconversion  

of s o l id  w aste to  produce m ethane, th e re  a re  thousands of communities 

th a t use anaerob ic  d ig e s to rs  fo r  sewage d isp o sa l. I t  i s  obvious th a t 

th e re  e x i s t s ,  in  essen ce , technology s u ita b le  fo r  com plete recy c lin g  

of m unic ipal re fu s e . F t. L auderdale , F lo r id a , i s  approaching  th i s  

g o a l.^  Two problems fa c in g  most urban a reas  became e s p e c ia l ly  c r i t i c a l  

in  F t .  L auderdale. F i r s t ,  em ission  s tan d ard s  fo r  in c in e ra to r s  were 

becoming in c re a s in g ly  hard to  meet a t  a reasonab le  c o s t .  Second, the  

t r a d i t io n a l  l a n d f i l l  acreage (s a n ita ry  o r o therw ise) was e i th e r  d ep le ted , 

or in  some a re a s ,  could no t be employed a t  a l l .  To d isp o se  of re fu se  by , 

an e c o lo g ic a lly  and econom ically sound re c y c lin g  method and by the  imple­

m entation  o f c u rre n t technology , F t .  Lauderdale sy s te m a tic a lly  sought 

a l t e r n a t iv e  so lu tio n s  to  re p la c e  in c in e ra t io n .
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A fte r a d e ta ile d  review . F t. Lauderdale has co n trac ted  w ith  a 

p r iv a te  firm  to  co n stru c t and o pera te  a 600 ton-per-day  p la n t on c ity  

p ro p erty  capable of modular expansion to 1,000 tons per day. The c ity  

guaran teed  a 200-ton, $1,000 per day minimum payment w ith  p ro v is io n  

fo r  a d ju s t in g  ra te s  to  r e f l e c t  in c reased  c o s ts .

The p la n t  opera tes  as fo llo w s. A fte r the  waste passes through 

s e v e ra l  200-ton shredders fo r  volume and s iz e  re d u c tio n , m agnetic 

s e p a ra to rs  a re  used to remove fe rro u s  m etals fo r  d i r e c t  s a le .  Automatic 

conveyors tra n s p o r t  the rem aining m a te ria ls  through ho t a i r  d ryers  to  

reduce m oistu re  con ten t to a c o n s is te n t le v e l .  High-speed c e n tr ifu g a l 

and a i r  red u c tio n  equipment (developed fo r  mining and a g r ic u l tu r a l  

purposes) sep a ra te s  the fib ro u s  m a te r ia ls  from the p u lv e riz ed  g la s s ,  

l ig h t  m e ta ls , and g r i t .  The mixed fib ro u s  m a te r ia ls  a re  then patho- 

g e n ic a lly  decontam inated, and chem ical trea tm en ts  a re  u t i l i z e d  to  

improve p ro cessin g  c h a r a c te r is t ic s  of the f ib e r .

The r e s u l t in g  f ib e r  from th is  p ro ce ss , approxim ately 25% by w eigh t, 

has a g re y is h , raw c o tto n - lik e  appearance, which c o n s is ts  o f about 

h a lf  lo n g - f ib e r  premium k r a f t ,  approxim ately eq u iv a len t to  th a t obtained 

from hardwood k ra f t  and hardwood s u l f i t e  p u lp s . The f ib e r  i s  ba led  

au to m a tica lly  and is  a v a ila b le  fo r  immediate shipm ent to e i th e r  wet o r 

dry conversion  p la n ts  as a commodity f ib e r  raw m a te r ia l in  b lend ing  and 

combining c e llu lo se  system s. The s tre n g th  of the  c e llu lo se  f ib e r  i s  

re ta in e d , r e s u l t in g  in  co n sid erab le  f l e x i b i l i t y  during  subsequent con­

v e rs io n , which inc ludes new sp rin t, f ib e rb o a rd , molded c o n ta in e rs , 

co rru g a ted  boxes, and a c o u s tic a l  and o th e r c o n stru c tio n  m a te r ia ls .
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The sep a ra ted  crushed g la s s  and l ig h t  m e ta ls , approxim ately  10% 

by w eigh t, has a san d llk e  con sis ten cy  and " s a l t  and pepper" appearance 

and Is  so ld  as aggregate  fo r  c o n c re te , h lg h -d e n s lty  f i l l ,  and road con­

s t ru c t io n  r e p a ir  m a te r ia ls .

R ejec ted  burnab le  m a te r ia ls  a re  p u lv e riz ed  and a re  used to  feed 

a f la sh  furnace to  prov ide h e a t fo r  the  d ry e rs . Excess fu e l may be 

used fo r  o th e r  purposes in  the  fu tu re .
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C hapter I I I  

IDENTIFICATION OF POTENTIAL VALUE OF REFUSE

A. G eneral

U n fo rtu n a te ly  th e re  i s  no such th in g  as an average m unicipal w aste 

com position ; the com position v a r ie s  from c i ty  to  c i ty .  Most probably  

i t  a lso  v a r ie s  g eo g rap h ica lly  from y e a r  to  y e a r , no doubt s e a so n a lly  

and te m p o ra rily , and even on s h o r te r  tim e s c a le s ,  making d e f in i t iv e  

a n a ly s is  d i f f i c u l t .  There a r e ,  however, some g en era l tre n d s  in  com­

p o s it io n  th a t  can serve  as design  in p u t fo r  te c h n ic a l and economic 

a n a ly s is .  F i r s t ,  some nom inal com position f ig u re s  can be computed by 

using  one’s judgment along w ith  the  a v a ila b le  d a ta .

Recovery p o te n t ia ls  f a l l  in to  two b a s ic  groups of m a te r ia ls .  The 

f i r s t  group of item s i s  la b e le d  "m echanical recovery" and r e f e r s  to 

th a t p o r tio n  o f the  re fu se  system which is  a v a ila b le  fo r  e s s e n t ia l ly  

m echanical e x tra c t io n  and fo r  re -u s e  as  a r e l a t iv e ly  pure  raw m a te r ia l .  

The second group inc ludes what are  p r im a rily  o rg an ic  m a te r ia ls  which, 

because o f th e i r  p h y s ica l c h a r a c te r i s t i c s ,  can only be recovered  

through co nversion . Organic m a te r ia ls  a re  g e n e ra lly  s u i ta b le  fo r  chemi­

c a l o r b io lo g ic a l  conversion to a source  of energy , e i th e r  d i r e c t ly  by
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burn ing  o r in d ir e c t ly  by con v ertin g  to  a s to ra b le  fu e l as in  an aero b ic

d ig e s t io n . Paper i s  included  in  both  c a te g o r ie s ;  some i s  re co v erab le

as a  m a te r ia l  but some i s  n o t .  This i s  due, in  la rg e  p a r t ,  to  com posite

packaging ( th a t  i s ,  paper lam inated or o th e rw ise  a tta ch e d  to  p l a s t i c  o r

m eta l) and to  the c o l le c t io n  p ro c e ss . When mixed w ith  o th e r r e fu s e ,

paper becomes contam inated w ith  d i r t ,  g re a se , and o th e r  m a te r ia ls  th a t

a re  unaccep tab le  in p u ts  to  h igh  speed paper making p ro c e sse s . Some of

t h i s  p o r tio n  of paper which i s  u n su ita b le  fo r  re c y c lin g  as paper i s

a cc e p tab le  as  food fo r  rum inant anim als and th e  rem ainder fo r  an aero b ic

d ig e s t io n .  T ests  conducted bv th e  U nited S ta te s  Denartment o f  A gri­

c u l tu r e ,  D iv ision  of Animal N u tr i t io n ,  re p o rte d  p a la t a b i l i ty  and

d i g e s t i b i l i t y  of paper i s  low est w ith  new sprin t (40%) and h ig h e s t w ith
1 O

t is s u e  and k r a f t  paper (75%). These t e s t  r e s u l t s  were h ig h e r than
  27

those  r e s u l t s  rep o rted  in  A u s tra l ia .

B. P h y s ic a l Composition

M unicipal re fu se  can be d iv id ed  in to  two main p h y s ica l c a te g o r ie s

which d i f f e r  from i t s  recovery  p o te n t ia l :  o rg an ic  (m ostly com bustib le)

and in o rg a n ic  (m ostly noncom bustible) m a te r ia ls .  These a re  f u r th e r

se p a ra te d  in to  such p h y s ica l components as p u tre s c ib le s ,  pap er, wood, 

p l a s t i c s ,  g ra s s  and trimmings fo r  the  f i r s t  ca teg o ry ; and m e ta ls , g la s s ,

a sh e s , ceram ics, s to n e , and d i r t  in  th e  second categ o ry .

The methods o f re so u rce  recovery  o f m unicipal re fu se  a re  a ls o  i n t e r ­

r e la te d  to  th e  p h y s ica l com position o f th e  w aste (see Table 3 -1).

From F igure 1 (Mixed P e rth  M unicipal Refuse Composition) i t  can be seen 

th a t  most o f the P e rth  m unicipal re fu se  (77%) f a l l s  in to  th e  "conversion  

recovery" b ra c k e t.
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Figure 1

MIXED PERTH MUNICIPAL REFUSE COMPOSITION 

BY WEIGHT

8

A ggregate

Papar IM7

(p u tre s c ib le s ^  

Organic 32 3^

G lasa 10-94

Matallic 12 %

Vacuum 
Oust & Sand 0-9% 

Fooiwaar 04%
R#Om 12%

Ash 1 - ^

Others 11%

Plastic 2 3^
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Table 3 - 1

EXPECTED PERCENT BY WEIGHT OF MUNICIPAL REFUSE COMPOSITION
IN PERTH, AUSTRALIA

Component

M e ta lllc s

Glass

Paper

P la s t ic s

Rags

O rganics (P u tre sc ib le s )  

M iscellaneous

Recovery P o te n tia l

12.4

10.9

37.3 

2 .3  

1.2

32.3 

3.6

M echanical Recovery

Conversion Recovery
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The re fu se  f a l l in g  in to  the conversion  recovery  b rack e t can be 

fu r th e r  d iv ided  in to  th ese  d i s t i n c t  components: (See Table 3-2)

used k r a f t  paper 

used newspaper 

used wrapping paper 

used magazines

wax and p la s t i c  coated  paper (m ilk c a r to n s , e t c . )  

t i s s u e  paper 

lawn c u ttin g s

s ta rc h y  v eg e tab le s  and meat

bread  and cake

c i t r u s

leav es  and bark  from eu ca ly p tu s  tr e e s  

c lo th  (used c lo th in g )  

cooked beans and bone 

cedar leaves

p e e ls  (onion, le t tu c e  and app le)

f r ie d  f a t s  ( f is h  and ch ips)

cooked v eg e tab le s  (garden  peas)

cooked v eg etab les  and eggs

s w il l  (b reak fast sc rap s  from a h o te l)

vacuum dust

le a th e r  (shoes)

f r ie d  p o ta to es

sawdust

p la s t i c
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Table 3-2
THE ORGANIC COMPONENTS OF 

PERTH MUNICIPAL REFUSE DISAGGREGATED INTO TEST SAMPLE CATEGORIES

! o f T otals % by Weight 
(Wet)

% by M oisture % by D ig e s ti-  /
b i l i t y

0 P ro te in Dry Weight 
(Tons)

23.13 P u tre s c ib le s
Raw Veg. P eels 3.47 83.5 97.2 17.38 .5725
Cooked Veg. 3.47 76.1 92.6 16.18 .829
Meat and Bones 3.47 58.0 88.8 60.79 1.457
F ish  & Chips 3.47 45.7 86.4 26.31 1.884
Cake 1.16 17.8 91.0 5 .73 .953
Bread 2.31 36.3 94.7 16.99 1.471
S ta rch es  & Meat 2 .31 65.4 97.4 14.59 . 799
C itru s  Seed & Rind 1.16 90.0 96.4 9.25 .116
F ried  F ats 2 .31 81.2 98.3 67.48 .434

37.3 Paper
K ra ft 7.46 4.6 37.8 .45

8.52
7.117

Newsprint 7.46 3.6 27.7 .21 7.19
Magazines 7.46 2.9 36.9 .41 7.24
Wrapping 7.46 6.2 39.1 .28 6.99
Wax and P la s t i c  

Coated 3.73 5 .1 31.3 3.94 3.54
T issue 3.73 10.4 31.9 2.61 3.54

9.17 Lawn Refuse
Lawn C lipp ings 2.75 8.1 30.4 1.81

35.62
2.53

Cedar, e tc . 1.83 55.8 76.2 7.25 .808
Tree Leaves & Bark 3.67 27.1 54.4 8.62 2.67
Wood (Sawdust) .92 7.7 24.9 10.62 .849

4 .8 Rags, P la s t i c s ,  e tc .  
Rags 1.20 2 .8 22.0 2.56

6.86
1.166

P la s t i c 2. 3 81.2 98 .3 4.15 .43
L ea th er .4 10.2 49.3 42.18 .359
Vacuum Dust .9 4.4 40.0 23.62 .86

S w ill ----
(S w ill i s  c o lle c te d  s e p a ra te ly  from 
n o t considered  in  those  t o t a l s . )

51.9
the  o th e r  m unicipal

93 .3
re fu se  and i s

16.5

2.81

Iro
I



C. P o ss ib le  T o x ic ity  o r Other Harmful E ffe c ts  on Animals

Refuse has been fed to  any anim al which would ea t i t  s in c e  man f i r s t  

produced r e fu s e .  U n til re c e n tly  however, th e re  was l i t t l e  concern  about 

n u t r i t io n  o r to x ic i ty .  The b io -chem ical com position of re fu s e  has been 

analyzed d u rin g  th e  p a s t few y e a r s ,  th e re fo re ,  we now have r e l i a b l e  in ­

form ation  on th e  lik e lih o o d  of m a te r ia ls  to x ic  to  anim als being  incorpora ted  

in to  r a t io n s  form ulated from m unicipal w aste .

Dr. D. McKinnon of Oklahoma S ta te  U n iv e rs ity , Department o f A g ricu l­

tu r a l  E ng ineering , rep o rted  th a t  sheep a re  more l ik e ly  to  p ic k  up to x ic

le v e ls  of p e s t ic id e s  from g raz in g  in  th e  f i e ld s  th an  from e a tin g  ra t io n s
21prepared  from m unicipal re fu s e .

Dr. G.G. Goluke of the  S a n ita ry  E ngineering Research L aborato ry  of 

the  U n iv e rs ity  of C a lifo rn ia  has conducted t e s t s  fo r  heavy m eta ls  in  the  

sludge from th e  anaerob ic  d ig e s t io n  of m unicipal re fu se  (as w e ll as sew age). 

He rep o rted  th a t  he found no heavy m eta ls  in  m unicipal re fu s e  s lu d g e . There­

fo re , the  p o s s ib i l i ty  of anim als being contam inated by e a tin g  r a t io n s  p re -
22pared from m unic ipal re fu se  would be rem ote.

Dr. John F. P se ffe r  of th e  U n iv e rs ity  of I l l i n o i s  has te s te d  the

sludge from anaerob ic  d ig e s t io n  of s o l id  w aste . He rep o rted  th e  p resence

of heavy m e ta ls  was le s s  by "one power o f magnitude" than  in  sewage d ig e s to r
23sludge. Iro n  i s  th e  only m etal which was prom inent. Dr. Joe B re tra n t of 

th e  A g ric u ltu re  Research C en ter, Jay , F lo r id a , conducted t e s t s  on heavy 

m etal bu ildup  in  anim als fed sewage s lu d g e . In  1974 he fed s ix  s te e r s  each 

100 grams p er day (dry w eight) o f sewage sludge from a d ig e s to r .  A fte r seven 

months he s lau g h te red  the anim als and examined th e i r  l i v e r s ,  k id n ey s, e t c . ,  

and found th a t  th e  t e s t  anim als had a s l ig h t ly  h ig h er co n ten t of lead  in
24t h e i r  l i v e r s  than  the  c o n tro l an im al. No o th e r symptoms could be found.
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There were no re p o r ts  found In  the  l i t e r a t u r e  o f high co n ce n tra tio n  

of heavy m eta ls  con tam ination  in  processed  m unicipal re fu s e . The con­

c lu s io n  from th e  above re sea rc h  can only be th a t  th e re  i s  some danger in  

heavy m etal buildup  in  anim als fed w ith  r a t io n s  co n ta in in g  a la rg e  p ro ­

p o rtio n  of sewage s lu d g e . However, r a t io n s  co n ta in in g  p roducts p rocessed  

from m unicipal re fu se  could s a fe ly  be fed to  anim als w ithou t danger of 

contam ination from p e s t ic id e s  or heavy m eta l b u ild u p .

D. Research on D ig e s t ib i l i ty  and N u tr it io n

P erth  M unicipal re fu s e  i s  c la s s i f i e d  a s  in  F igure  1 and f u r th e r  sub­

c la s s i f ie d  in to  p u tre s c ib le s  ( ta b le  sc ra p s , e t c . )  w ith  su b ca teg o rie s  such 

as bread s c ra p s , v eg e tab le  p e e ls , e tc .  (see  Table 3 -2 ) . There i s  a con­

s id e rab ly  h ig h er percen tage  of food w aste in  P e rth , A u s tra l ia ,  th an  in  

Oklahoma C ity  and U nited S ta te s  averages (see  Tables 3 -2 , 3 -3 , and 3 -4 ) .

This i s  a t t r ib u te d  to  th e  absence of r e s id e n t i a l  garbage g rin d e rs  in  P e r th , 

and consequently  th e  ta b le  scraps show up in  th e i r  m unicipal r e fu s e .

Test samples were a l l  taken  from re fu s e  (not new m a te r ia l)  and were 

then passed through a hammermill and aged fo r  a minimum of one week a t  room 

tem perature in  o rd e r to  d u p lic a te  a c tu a l  c o n d itio n s . Most samples had 

growths of fungus and mold; maggots were observed in  some sam ples. P ersonal 

experience in d ic a te d  th a t  th i s  rep re sen ted  th e  c o n d itio n  of re fu se  when i t  

a rr iv e d  a t  i t s  d e s t in a t io n ;  however, th e  re fu s e  would no t norm ally have been 

passed through a hammermill.

Paper o th e r  than  new sprint and m agazines had obviously  been used fo r 

wrapping food o r had been in  co n tac t w ith  p u tr e s c r ib le s .  This was a lso  

tru e  fo r wax and p l a s t i c  coated p aper, which had been used p r im a rily  as  

m ilk and s o f t  d rin k  c a r to n s .
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Table 3-3

PERCENTAGES OF TOTAL COMPOSITION 
OKLAHOMA CITY, OKLAHOMA -  1973

19

Samp: e Number

Category I 2 3 4 5 Average

Glass 15.8 14.4 6 .5 9 .0 2 1 .1 13.4

P la s t i c 3.2 9 .0 6 .5 5.9 3.6 5 .6

Cans 15.5 4 .3 16.4 4 .8 7.9 9 .8

Paper 31.9 36.8 40 .8 33.5 42.1 37.0

P r in t  pap er. 
Cardboard 8 .8 13.4 10.3 I I . 2 3.6 9 .5

P u tre sc ­
ib le s 21.3 20.4 1 6 .1 29.8 12.9 20.1

Cloth 1.2 1.1 1 .8 3.2 I.O 1.7

Wood 2.0 ——— —~ ---- ---— 0.4

Rubber ——— —— ——— ——“ ——“ ----

Copper ——— —•—* ---- ----

B rass ——— ---- —— ——— 7.1 1.4

Aluminum 0 .3 0.6 1.5 2.9 0 .8 1.2

S te e l ——— ——— ----

M isc. ---- -- - ——“ ---- ———

TOTAL 100.0 100.0 100.0 100.0 100.0

—30—



Table 3-4

AVERAGE COMPOSITION OF MUNICIPAL WASTES IN U.S.A. 20

Range of Reported Values 
 (%)

Item Average
(%) Maximum Minimum

Food 14.6 34.6 0 .8

Garden 12.5 41.5 0 .3

Glass 10.3 23.2 4 .6

M etal 9 .2 14.5 6 .7

Paper 42.7 58.6 13.0

P la s t ic s 1 .7 3 .3 0 .7

T e x tile s 2 .4 3.4 0 .3

Wood 2.5 6.6 0 .3

L ea th er, Rubber 1 .8 4.7 0 .8

Misc. 4 .5 15.4 0 .6

Average o f 24 re p o rte d  v a lu es .
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Samples from each ca teg o ry  l i s t e d  in  Table 3-2 were te s te d  fo r
25n itro g e n  by the K je ldah l method. In  v i t r o  t e s t s  were a lso  made fo r  

apparen t d i g e s t i b i l i t y .  The method fo r v i t r o  te s t in g  i s  w e ll d esc rib ed  

in  th e  l i t e r a t u r e . B r i e f l y ,  i t  c o n s is ts  of removing the  m oistu re  from 

the  sample and f i r s t  in cu b a tin g  i t  w ith  remen f lu id  in  a tu b e , and then  

re in cu b a tin g  the whole mass w ith  pepsin .

In the above t e s t s  th e  r e s u l t s  were c o rre la te d  w ith  j j i  v ivo r e s u l t s  

which the  Western A u s tra lia  Department o f A g ric u ltu re  had kep t over th e  

p a s t tw en ty -five  y e a rs . The r e s u l t s  o f th ese  t e s t s  no t only  gave a  r e ­

l i a b l e  in d ic a tio n  of th e  a b i l i t y  of a rum inant anim al to  d ig e s t  th e  

m a te r ia l ,  they a lso  gave a good in d ic a tio n  of the  amount of decom position 

to  be expected in  an anaerob ic  d ig e s to r .

The v a rio u s  o rg an ic  components were then  reaggregated  in to  th e i r  

com position in  P e rth  m unicipal re fu s e . By th e se  t e s t s  i t  was determ ined 

th a t  th e  organic f r a c t io n  of th e  re fu se  ( i . e . ,  p u tre s c ia b le s ,  p ap e r, lawn 

w astes and rag s) has an ap p aren t d i g e s t i b i l i t y  o f 46.82 p e rc e n t. (See 

Table 3-5)

Sheep should be a b le  to  s u b s is t  on t h i s  d i e t ,  a lthough  i t  i s  in ­

s u f f ic ie n t  fo r  lambing ewes; however, adequate n u t r i t io n  rem ains in  s e le c t  

o rg an ic  f r a c t io n s  o f th e  re fu s e  to  fo rm ulate  d e s ir a b le  r a t io n s  fo r  lambing

ew es . (Table 3-6)^ During 1974, J .B . Coombe experim ented w ith  feed in g
27w aste paper to  rum inan ts . He found th a t  no to x ic  e f f e c t s  were p re s e n t ,

bu t he rep o rted  more tro u b le  in  g e tt in g  sheep to  e a t  new sprin t th an  any

o th e r  paper. Since new sprin t has a ready m arket, i t  should be recy c led  as

p ap er, leav ing  r e l a t iv e ly  sm all q u a n t i t ie s  to  be used in  th e  sheep r a t io n s .
28Research c a r r ie d  ou t by th e  United S ta te s  Department o f A g ric u ltu re

showed th a t  sheep w i l l  e a t  m a te r ia ls  in  p e l l e t  form th a t  th ey  would o th e r -
28w ise avoid . T e r r i l l  rep o rted  th a t  pregnant ewes w i l l  pu t on more w eight
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Table 3-5

COMPOSITION OF ICO TONS OF PERTH MUNICIPAL REFUSE 
(AGGREGATED INTO FOUR CATEGORIES)

O rganics % by Weight 
(Wet)

Dry Weight 
(Tons)

% D ig esti-  
b i l i t y

% P ro te in

P u tre s c ib le s

Paper

Lawn Refuse 

Rags, e tc .

23.13

37.3

9 .17

4.8

8.516

35.416

6.859

2.812

93.99

35.51

44.38

42.67

26.40

.91

6.15

13.15

TOTALS 74.4 53.603 46.82 10.05

In o rg an ic s 25.6

TOTAL 100.0  %
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Table 3-6 

SHEEP RATIONS (DRY WEIGHT)

Composition Tons D ig e s t ib i l i ty  % P ro te in

Paper 50% 10.0 35.51 .91

P u tre sc ib le s 27% 5.4 93.99 26.40

Sw ill 23% 4.6 93.30 16.50

TOTAL 20.0 64.58 11.40
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w ith  p e lle te d  ra tio n s  than by feed ing  on la rg e r  amounts of long hay (2 .5

pounds p e lle te d  i s  equal to  3 pounds u n p e lle te d ) ; a s ig n if ic a n t  in c re a se  in

f le e c e  weight i s  a lso  o b ta in e d , th e re fo re  th e se  ra tio n s  should be p e l le t iz e d .

In the process of paper making most of th e  l ig n in  i s  removed from

th e  f ib e r  leav ing  a h igh  percen tage  of c e l lu lo s e .  Sheep a re  unable  to

d ig e s t  l ig n in ;  th e re fo re , th e  c e l lu lo s e  in  paper i s  more re a d ily  a v a ila b le
29as an energy source than  in  u n tre a te d  dry  hay. This could be th e  reason 

fo r  the  low d i g e s t i b i l i t y  o f g ra ss  c u tt in g s  (30.4% compared to  wrapping 

paper (39.1%). (See Table 3-2)

With an adequate energy so u rce , sheep s t i l l  re q u ire  p ro te in  f o r  c e l l  

growth. The n itro g en  co n ten t o f m unicipal re fu se  i s  a r e a d ily  a v a ila b le  

source of p ro te in  fo r  sheep. T est r e s u l t s  in  P erth  show the  p u tr  

f r a c t io n  of m unicipal re fu s e  to  be 93.99% d ig e s t ib le  and 26.43% p ro te in .

The h igh d ig e s t i b i l i t y  o f th e  sample in d ic a te s  th a t the  n itro g e n  i s  a v a i l ­

ab le  fo r  use as p ro te in . (See Table 3-6)

George Tomes, anim al n u t r i t i o n i s t ,  Muresk A g ric u ltu ra l C o llege, 

W estern A u s tra lia , confirm ed th a t  th is  r a t io n  in  p e lle te d  form i s  adequate 

fo r  lambing ewes in  W estern A u s tra lia n  c o n d itio n s .^  (Sec Table 3-6)

E. D iscussion of P e rth  M unicipal Refuse Teat R esu lts

The high apparen t d i g e s t i b i l i t y  o f p l a s t i c  (98.3%) i-s in  c o n tra d ic t io n  

to  o th e r  re p o r ts  in  th e  l i t e r a t u r e .  P a r t o f th i s  could be a t t r ib u te d  to  

o rgan ic  contam inants o f th e  sam ple, p lus m icrobal growth. The te c h n ic ia n  

a lso  rep o rted  th a t  p la s t i c  i s  known to  "wash ou t"  in  the  in  v i t r o  t e s t s ,  

thereby  causing an u n re a l ap p aren t d i g e s t i b i l i t y .  The p la s t i c  a lso  showed 

a h igh  m oistu re  co n ten t so th a t  when i t  was reduced to  d ry  w eight propor­

tio n s  i t  rep resen ted  le s s  th an  0.45% of th e  t o t a l  com position. For th ese  

reasons i t  was decided to  use  th e  t e s t  r e s u l t s  as  recorded .



The lawn c lip p in g s  were low in  both  d i g e s t i b i l i t y  (30.4%) and p ro te in  

(1.81%). This i s  a t t r ib u te d  to  th e  f a c t  th a t  th e  samples were taken  during  

th e  d ry  season.
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C hapter IV 

PROPOSED INTEGRATED SYSTEM

A. General

The development o f methods used in  the  d isp o sa l of s o l id  w aste s , 

p a r t ic u la r ly  m unicipal re fu s e , has been in  a continuous s t a t e  of f lu x  

fo r  s e v e ra l decades. P rocesses in v o lv in g  g re a te r  degrees of technology 

encompassing m echanization , energy mass t r a n s f e r ,  chem istry , and 

b io logy  a re  being  proposed as a l te r n a t iv e s  to  those  o f a more conven­

t io n a l  n a tu re . R ecognition of the  f a c t  th a t  th e re  i s  a h ie ra rc h y  of 

m a te r ia l  values in  re fu se  i s  le ad in g  to  the  development o f s e r ie s  

p ro cess in g . In e f f e c t ,  an in d iv id u a l p rocess can be designed to  remove 

a p a r t i c u la r  m a te r ia l component o r  f r a c t io n  from the t o t a l  w aste s tream . 

The su c c e ss fu l o p e ra tio n  of a t o t a l l y  in te g ra te d  system  invo lves the  

mutual c o m p a tib ility  o f p ro cesses  in  which p a r t  o f the  w aste s tream  accep ts  

and /o r r e je c ts  from preced ing  p ro cess in g  area in  a form which can be 

passed along to  subsequent s ta g e s . The s tag e s  in  the t o t a l  system  

should  y ie ld  m a te ria l and energy recovery  c o n s is te n t w ith  optimum value  

re tu rn  fo r  p ro cessin g  and c a p i t a l iz a t io n  ex p en d itu res .
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B io lo g ic a l conversion  p ro cess in g , s p e c i f ic a l ly  anaerob ic  d ig e s t io n .

Is  an Im portant s ta g e  In  th is  re so u rce  recovery  system . The c h a ra c te r­

i s t i c s  of methane p roduction  from sewage sludge as w e ll as com binations

of sludge and re fu s e  have been th e  s u b je c t o f re sea rc h  by a  number o f
30w orkers. For exam ple, K line s tu d ie d  th e  an aerob ic  d ig e s t io n  of 

sewage slu d g e , and com binations o f s ludge and re fu se  ranging  from 50% 

sludge and 50% re fu s e  to  92.6% re fu se  and 7.4% s lu d g e . The l a t t e r  com­

b in a tio n  proved to  be a  l im it in g  c o n d itio n  f o r  unaided o p e ra tio n  In  

terms of m ain ta in in g  a s u i ta b le  ca rb o n -n ltro g en  r a t i o ,  ac id -b ase  b a lan c e ,

and n u tr ie n t  com position fo r  su c c e ss fu l an aero b ic  d ig e s t io n . L a te r
23p s e f fe r  co n sidered  th e  anaerob ic  d ig e s t io n  o f shredded dom estic re fu s e  

and raw sewage. In  h i s  experim ents, a p re lim in a ry  se p a ra tio n  was made 

to  remove g la s s  and m e ta l, and th e  le v e ls  o f re fu se  and sewage Inpu t 

were p ro p o r tio n a l to  th e  d a lly  p e r c a p ita  p ro d u c tio n . In  e f f e c t ,  s in c e  

such a p ro p o rtio n  r e s u l te d  In  a co n d itio n  comparable to  th e  l im it in g  

case  re p o rte d  by K lin e , I t  was n ecessa ry  fo r  P d e ffe r  to  add n u tr ie n ts  

and a base to  h is  d ig e s t io n  p ro cess .

A ll re se a rc h e rs  on anaerob ic  d ig e s t io n  o f m unicipal re fu se  found 

In the l i t e r a t u r e  survey  considered  I t  n ecessa ry  to  add n u t r ie n ts  to  th e  

o rg an ic  f r a c t io n  o f m unicipal re fu se  In  o rd e r fo r  I t  to  be p ro p e rly  de­

composed by an aero b ic  fe rm en ta tio n . This was accom plished by adding sewage sludge

fo r  th ese  n u t r i e n t s .  By adding th e se  n u t r i e n t s  a d e s ira b le  carbon -  

n itro g e n  r a t i o  o f approxim ately  30 was produced.

The system  proposed here  d i f f e r s  from most o th e rs  In  th a t  I t  

u t i l i z e s  the  fe c e s  and u rin e  from rum inant anim als (sheep) In s te ad
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of sewage sludge as a n u tr ie n t  (source of n i t ro g e n ) .  Furtherm ore, a 

p o r tio n  o f the re fu se  Is  p e l le t iz e d  and fed to  th ese  sheep. This 

re q u ire s  a c a re fu l sep a ra tio n  of the re fu se  in  the i n i t i a l  s ta g e s . Most 

system s g rin d  the re fu se  f i r s t ,  then s e p a ra te  i t .  This in tro d u ces  la rg e  

q u a n t i t ie s  o f f in e ly  ground g la s s ,  p lus p a in t ,  petroleum  p ro d u c ts , p e s t i ­

c id e s , and o th e r p o te n t ia l ly  to x ic  m a te r ia l  in to  the feed . The proposed 

system  removes the p o rtio n  to  be used as sheep ra t io n s  p r io r  to  g rind ing . 

Scavangers a lso  remove b o t t le s  p lu s  c o n ta in e rs  o f p a in t ,  p e s t ic id e s ,  

e t c . ,  as w e ll as b a t t e r i e s .  (See F ig u res  2 and 3 , "Schematic Flow Chart fo r 

th e  Proposed System", "Flow Chart fo r  M unicipal Refuse P rocessing  System .") 

The System i s  based on 100 tons per day o f m un ic ipal re fu se ; te n  tons per 

day of " s w il l"  c o lle c te d  from h o te ls  and r e s ta u r a n ts ;  ten  tons p er day o f 

"Wheat d u s t"  from wheat p rocessing  s i l o s ;  an_,average of ten  to n s  (dry weight) 

o f t r e e  p ru n in g s , p lus b u i ld e r s ' w aste and s p e c ia l  c o l le c t io n s ,  averaging 

more than  te n  tons per day. The tonnage i s  c a lc u la te d  on a seven day week,

i . e . ,  hou rly  cap ac ity  fo r  equipment fo r  100 tons p e r day = 100 x 7 f  40 "

17 .5  tons p er hour in  a fo r ty  hour week.

-39-



Figure 2

SCHEMATIC FLOW CHART FOR THE PROPOSED SYSTEM

REFUSE

Magnetic
Separator

Ferrous
M etals

PaperPaper A ir C la s s i f ie r

G lass
SheepWater

Color
S o rte r

G lass Hydropulper
Non Ferrous 

M etals
P u tre sc ib le s

Non F errous 
M etals

Anaerobic
Reactor

Methane Feces
(CH,) and Urine

Algae
PondAlgae Water

See F igure 3 and Text fo r  a  D eta iled  Breakdown of the  P rocesses 
Involved in  the  Proposed System.
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TABLE 4-1

SYMBOL KEY
KEY FOR SYMBOLS IN FLOW DIAGRAM NUMBER 1.

1. DE CON D econtainerize

2. MAG #1 Magnetic S ep ara to r #1

3. A.c. n A ir c la s s i f ic a t io n  S epara to r #1

4. SHRD #1 Shredder #1

5. A.C. n A ir c la s s i f ic a t io n  S epara to r #2

6. HYDPLP #1 Hydropulping S ep ara to r #1

7. HYDCYC #1 Hydrocyclone S epara to r #1

8. DWTR #1 Water E x tra c to r  #1

9. DRY #1 Rotary Drum Dryer #1

10. S .. BATCH Sheep ra t io n  Batch

11. VIBR SC #1 V ib ra ting  Screen S ep ara to r #1

12. DRY #2 Rotary Drum Dryer

13. D-STORE Dried S w ill S torage

14. GRIND #1 G rinder #1

15. MAG #2 Magnetic S ep ara to r #2

16. VIBR SC #2 V ib ra ting  Screen S epara to r #2

17. GRIND #2 G rinder #2

18. T-STORE Tree Prunning S torage

]9 . GRIND //3 G rinder #3

20. MAG #3 Magnetic S ep ara to r //3

21. STONER #1 V ib ra tin g  Table Separa to r

22. O-STORE Organics (wood) Storage
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23. FEl.ET #1 P e l l e t i z e r

24. S-STORE Sheep R ation Storage

25. SHEEP Sheep Sheds

26. HYDPLP #2 Hydropulping S ep ara to r if2

27. HYDCYC #2 Hydrocyclone S epara to r iiZ

28. DWTR in Water E x tra c to r  #2

29. REACTOR Anaerobic Reactor

30. SETTLE Q uiescen t S e tt l in g  Tank

31. POND Algae Pond

32. FLOAT Algae F lo ta tio n  Tank

33. CNTF C en trifu g e  S epara to r

34. DRY #3 Rotary Drum Dryer #3

35. VAC FILT Vacuum F i l t e r

36. DRY #4 Rotary Drum Dryer /M

37. P-BATCH P o u ltry  Ration Batch

38. PELET in P e l l e t i z e r  #2

39. GRIND #4 G rinder

40. MAG H M agnetic S eparato r

41. CLR-SRT G lass S epara tor by Color

42. STONER in V ib ra tin g  Table S ep ara to r
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B. Input-O utpu t (See Flow C hart, page 41, F igu re  3 .)

1. D eco n ta in e rize r (DECON)

The m unic ipal re fu se  I s  weighed and p laced  in  a hopper from where 

i t  moves by a b e l t  conveyer through the  d e c o n ta in e r iz e r . The o b je c tiv e  

here  i s  to  f re e  the re fu se  from p la s t i c  b a g s , boxes o r o th e r c o n s tra in ts  

so th a t  d is c r e te  item s such as t i n  cans, b o t t l e s ,  p ap er, e t c . ,  may be 

exposed to  the  se p a ra tio n  and c la s s i f i c a t io n  equipm ent. DECON c o n s is ts  

of upper and lower b e l t  conveyors equipped w ith  te e th  and moving a t  

d i f f e r e n t  speeds. Such item s as bags o r  boxes p ass in g  between the 

two b e l t s  a re  ripped  a p a r t  by th e  te e th .  Two men a re  s ta t io n e d  a t  

DECON to  remove any m a te r ia l  which l ik e ly  could n o t be p rocessed  by 

the equipment and to  open b ag s, boxes, e t c . ,  which DECON f a i le d  to  

p ro p e rly  r ip  a p a r t .

Inpu t

100 Tons o f m unicipal re fu se  p e r day = (100 x 7 4 40)

17.5 tons per hour

Output

100 Tons per day o f  m unicipal re fu se  which has been 

removed from i t s  co n ta in e rs  of b ag s, boxes, e tc .

2. M agnetic S ep ara to r #1 (MAG #1)

The m a te r ia l  in  the  w aste stream  i s  now u n re s tra in e d . There­

fo re , m agnetic a c tio n  can p ick  up more than 95 p e rcen t of the fe rro u s  

m e ta ls . Some o f these  m etals a re  lam inated o r o therw ise  a ttach ed  to

Note: Numbers appearing  in  the  te x t  a re  keyed to  the  Flow Chart on
page 41 . For example, the  d e sc r ip tio n  above of 2. Magnetic
S e p a ra to r, corresponds to  (2) on the Flow C hart.
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paper, wood, p la s t i c ,  and g la s s . These contam inants amount to  

approxim ately  one ton , which i s  considered  as paper.

Inpu t

100 tons of m unicipal re fu se

Output

11 tons of contam inated fe rro u s  m etals 

The rem aining 89 tons pass through a i r  c la s s i f ic a t io n  s e p a ra to r  

number 1 (AC #1).

3. A ir C la s s if ic a t io n  S ep ara to r #1 (AC //I)

Tlie remaining re fu se  m a te r ia l  is  dropped through a h o r iz o n ta l  

moving stream  of a i r .  The heavy dense m a te r ia l ("h eav ies") such as 

b a t t e r i e s ,  c a s t in g s , f u l l  or p a r t i a l l y  f u l l  co n ta in e rs  made of m eta l, 

g la s s ,  p l a s t i c s ,  wood, or lam in a tes , along w ith  most g la s s ,  ch in a , 

ceram ics, and heavy p l a s t i c s ,  w i l l  f a l l  through, along w ith  heavy 

p u tre s c ib le s  and footw ear. These "heav ies"  move along a t r a in  to  a 

v ib ra t in g  screen  sep a ra to r (VIBSC #1).

An in te rm ed ia te  f r a c t io n  ("m iddies") of the re fu se  m a te r ia l 

c o n s is tin g  o f p u tre s c ib le s ,  wax coated  paper, p l a s t i c s ,  e t c . ,  i s  blown 

onto a conveyor and moved to  hydropulper number 1 (HYDPLP #1). The 

l ig h te r  f r a c t io n  (" l ig h ts " )  is  sucked p a s t th is  conveyer to  a sh redder 

(SHRD). This s e p a ra to r (AC #1) was developed by the U nited S ta te s  

Bureau of Mines and is  opera ted  in  Edmondston, Maryland.

Inpu t

89 tons of m unicipal w aste minus fe rro u s  m etals
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Output

________________________ Heavies______________Middies_________ L ights
P u tre sc ib le s  7 15 0 .13

Paper 3 3 30.3

Lawn Refuse 1 1 7.17

Rags, P la s t i c s ,  e tc .  0 .4  2 2 .4

Glass 10. 0 .9  ----

Ferrous M etals ----  ----  ----

N on-ferrous M etals 0 .5  0 .8  0 .7

Ashes, g r i t ,  e tc .  1 .1  1.2
23 24 40.7

4. Shredder #1 (SHRD #1)

This equipment is  in  common use fo r  shredding paper p r io r  

to  high d e n s ity  b a i l in g  and /or a i r  c la s s i f i c a t io n .

Input

41 tons o f paper, p l a s t i c s ,  e tc .

Output

41 tons of shredded p ap er, p l a s t i c ,  e t c . , reduced to

four inch s iz e .

5. A ir C la s s i f ic a t io n  S epara to r #2 (A.C. #2)

This equipment sep a ra te s  the heavy f r a c t io n  from th e  l ig h t  

f r a c t io n  by a i r  d e n s ity . Such equipment was developed by Radar 

Pneumatics and has been used in  a S t. Louis p la n t s in ce  1972.
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Input

Al tons o f shredded p ap er, p l a s t i c s ,  e tc .

Output

2 0  tons of " l ig h t  f r a c t io n "  paper 

13 tons to  s e l l

7 tons fo r  sheep ra t io n s  to  S-BATCH

20.7 tons of pap er, p l a s t i c s ,  e t c . ,  to  HYDPLP #2,

c o n s is tin g  o f :

P u tre s c ib le s  0 .13

Paper 10.3

Lawn Refuse 7.17

Rags, p la s t i c ,  e tc .  2 .4

N on-ferrous m etals _ 0 .7  ____
20.7

6 . Hydropulping S ep ara to r #1 (HYDPLP #1)

A s o l id  waste hydropulper pulps o rgan ic  m a te r ia l by w ater

j e t  a c tio n  and ro ta t in g  b lad es  in  a co n ica l c o n ta in e r , which produces

a v o rte x  a c tio n . Such a system was developed by the  Black Clawson

32Company, w ith  the support of the  E .P .A ., and has been in  o p e ra tio n  in  

F ra n k lin , Ohio, s in ce  1971. In  th e  F ran k lin  p la n t ,  th e  re fu se  i s  charged

as c o l le c te d ,  except th a t  b u lky , re a d ily  sep a ra ted  m a te r ia ls  have been

removed. The m ixture i s  shredded and pu lped , the  non-pulpable  m a te r ia ls

(can s, ceram ics, s to n e , e t c . )  a re  sep a ra ted  out by a "junk" remover.

The o rgan ics  in troduced  in to  HYDPLP #1 a re  to  be used in  the

sheep r a t io n s .  Hie most u n d esirab le  m a te r ia ls  fo r  anim al ra tio n s
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( b o t t l e , ,  can s , b a t t e r i e s ,  p a in t and g la s s )  have been removed in  the 

"h eav ies"  t r a i n .

Inpu t

24 tons p e r day of re fu se  (as c o lle c te d )

1 1 2  tons w ater 

Output

Dry Weight , Tons To HYDCYC #1 To HYDPLP #2

P u tre s c ib le s

Paper

Lawn Refuse

Rags, p l a s t i c ,  e tc .

Glass

Ferrous m eta ls

N on-ferrous m eta ls

Ashes, g r i t ,  e tc .

Water
TOTAL

5.8

2.9 

.3 

.16 

.4

.7

112
122

.7

1.0

.5

. 8

.5

3.5

7 . Hydrocyclone Separa to r #1.

A hydrocyclone o pera tes  on th e  same p r in c ip a l  as o th e r 

cy c lo n es , ex cep t the  medium i s  w ater r a th e r  than a i r .  The heavy 

m a te r ia l  ( g la s s ,  m e ta l, e t c . )  is  removed by c e n tr i fu g a l  a c tio n . 

Inpu t

10.26 tons (dry w eight) o f re fu se  

161 tons w ater
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Output to_________________ To DWTR tfl______________ To HYDPLP #2

P u tre sc ib le s  5 , g

Paper 2 .9

Lawn Refuse .3

Rags, p l a s t i c ,  e tc .  .16

Glass '4

Ferrous m etals 

N on-ferrous m etals

Ashes, g r i t ,  e tc .  -7

Water___________________________ 161___ _______

Dry = 9.16 1«1

8 . Water E x tra c to r  #1 (DWTR #1)

This w a te r e x t r a c to r  c o n s is ts  o f an in c lin e d  tube w ith  a 

h e lix  screw . Pulp i s  p u lle d  up by the  screw w h ile  the  w ater flows 

back, reducing w ater co n ten t to  83 p e rc e n t. This system was developed 

by the Black Clawson Company and i s  in  use in  the  F ran k lin , Ohio, p la n t.

Input

161 tons w ater 

9 .16  tons o rgan ics

Output

109.5 tons w ater

54.0  tons of o rgan ics 83% w ater

9. Dryer #1 (DRY #1)

This o rg an ic  m a te r ia l must be d rie d  a t  a low tem perature
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(49° C) to  p rev en t d e n a tu r lz a tlo n  o f th e  p ro te in . Such d ry e rs  a re  in  

common use in  th e  food in d u s try .

Input

54 tons -  17 p e rcen t dry

O utput

18.3  tons -  50 p e rcen t dry

8 .7  tons to  sheep ra t io n  b a tch e r (S-BATCH) c o n s is tin g  

o f 5 .4  tons p u tre s c ib le s ,  3 tons of paper, and 0 .3  tons 

o f g ra s s , p l a s t i c ,  e t c . ,  p lu s  0 .5  tons to  p o u ltry  r a t io n

10. Sheep R ation Batcher (S-BATCH)

The c o r re c t  p ro p o rtio n  of p ap er, p u tre s c ib le s ,  and d ried  s w il l  

fo r th e  sheep r a t io n s  a re  blended in  S-BATCH.

Inpu t

Paper, s w i l l ,  p u tre s c ib le s

Output

2 0  tons (dry w eight) o f sheep ra t io n s  to  th e  p e l l e t i z e r  

(PELET #1)

11. V ib ra tin g  Screen S epara to r //2 (VIBRSC #2)

This equipment c o n s is ts  of a v ib ra t in g  screen  w ith  a th re e -  

inch mesh. This w i l l  s t r a in  most g la s s ,  m etals and p la s t i c s  from the  

s w il l .

Inpu t

1 0  tons of s w i l l

Output

0 .5  tons o f m e ta l, g la s s ,  e t c . ,  to  GRIND #1

9 .5  tons of s w i l l  to  DRY #4

—50—



12. Dryer #2 (DRY #2)

This i s  the same equipment as DRY #1; the numbers have been 

changed in  o rd er to  id e n tify  the in p u t.

Inpu t

9.5 tons o f s w il l  -  52 p ercen t m oisture

Output

4 .6  tons of d ried  s w il l  to  D-STORE

13. Dried S w ill Storage (D-STORE)

D-STORE is  a s to rag e  b in  fo r  d r ie d  s w il l .  A s u f f i c i e n t  supply 

of d rie d  s w i l l  may be s a fe ly  kept to  prov ide the c o rre c t p ro p o rtio n  of 

n u tr ie n ts  to  the more p e rish ab le  f i f t y  p e rcen t m oisture co n ten t o f 

p u tre s c ib le s  a r r iv in g  a t  S-BATCH.

Input

Dried s w ill  -  4 .6  tons 

Output

Dried s w il l  -  4.6 tone

1 4 . G rinder #1 (GRIND #1)

This equipment i s  used in  most s o l id  waste trea tm en t p la n ts .  

The o b je c tiv e  i s  s iz e  red u c tio n . The minimum cap ac ity  i s  15 to n s  per 

hour.

Input

1 1  tons contam inated fe rro u s  m etal

Output

11 tons o f ground fe rro u s  m etal to  MAG #2
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15. Magnetic S ep a ra te r #2 (MAG #2)

This equipment was d esc rib ed  under MAG #1.

Input

1 1  tons contam inated fe rro u s  m etals

Output

1 0  tons fe rro u s  m eta l to  be so ld

1 ton paper to  HYDPLP #2

16. V ib ra tin g  Screen S epara to r #1 (VIBRSC #1)

The heavy f r a c t io n  from AC #1 i s  conveyed onto a v ib ra t in g  two-

inch  sc reen  b e l t  conveyor where two scavengers (marine m erchants) recover 

in ta c t  b o t t l e s  ( lo c a l  government does no t a llow  re tu rn a b le  b o t t l e s  to  be 

ground fo r  c u l le t )  and o th e r  c o n ta in e rs , such as p a in t ,  which might be 

to x ic  to  th e  m ic ro -f lo ra . Small b a t t e r i e s  f a l l  through th e  tw o-inch screen  

and a re  removed. S tud ies by th e  I l l i n o i s  I n s t i t u t e  o f Technology in d ic a te  

th a t  th e re  would be le s s  than 100 pounds o f b a t te r ie s  per day. I t  i s  d e s i r ­

ab le  to  remove th ese  heavy m e ta ls , even though th e re  i s  no known market fo r

b a te r ie s  in  P e rth . They may be s a fe ly  d isposed  of in  a s a n ita ry  l a n d f i l l ,

a long w ith  th e  m iscellaneous c o n ta in e rs .

Input

23 to n s  p e r day 

P u tre s c ib le s  7

Paper 3

Lawn R efuse 1

Rags, p l a s t i c s ,  e tc .  .4

F errous m eta ls  ----

N on-ferrous m eta ls .5
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Glass 10

Ashes, g r i t ,  e tc .  1 .1

23

Output

B o ttle s  1 ton

B a t te r ie s  0.045 tons

M iscellaneous _ . ̂ . .3  tonsc o n ta in e rs

1 .3  tons

The rem aining 21.7 to n s  of heavy re fu se  i s  conveyed to  hydropulper 

s e p a ra to r number 2 (HYDPLP //2 ).

17. G rinder #2 (GRIND #2)

This i s  th e  same equipment as GRIND #1; d i f f e r e n t  numbers 

a re  used to  id e n t i fy  the in p u t.

Inpu t

10 tons (dry w eight) o f t r e e  prunnings. This i s  an 

average f ig u r e .  The equipment w i l l  n o t be used fo r th is  purpose 

each day.

Output

10 tons ground o rg an ics  to  T-STORE fo r  HYDPLP #2.
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18. Tree Pruning Storage (T-STORE)

Since tre e  pruning I s  in te r m i t te n t ,  the  ground/prunings a re  

s to re d  h e re  so th a t the  req u ired  10 tons per day may be fed to  HYDPLP #2. 

Inpu t

In te rm it te n t  g ro u n d /tree  prunings.

Output

10 tons per day of g ro u n d /tree  prunings to  HYDPLP #2

19. G rinder #3 (GRIND #3)

This i s  the same equipment as g rin d e rs  one and two.

Inpu t

B u ilders w aste and s p e c ia l  c o l le c t io n s .  Q u an titie s  

fo r  these  w astes cannot be determ ined s in ce  they vary  w ith  the economy, 

seaso n s, governm ental p o lic y , and many o th e r s o c ia l  f a c to r s .

Output

Ground o rgan ics  (m ostly wood), masonry, m e ta ls , g ià s s ,  

and lam inated  m a te r ia l.

20. Magnet #3

The same equipment as magnet number two. The number Is  

changed to  id e n t i fy  th e  In p u t.

Inpu t

O rganics, m e ta ls , g la s s ,  e tc .

Output

Ferrous m etals to  s e l l .

O rganics, g la s s ,  e t c . ,  to  STONER #1
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21. V ib ra ting  Table S ep ara to r #1 (STONER #1)

This equipment i s  w idely used in  mining and a g r ic u ltu re  to  

se p a ra te  m a te r ia ls  by d e n s ity  and shape.

Input

Organics (m ostly wood)

In o rg an ics  (g la s s ,  masonry, e t c . )

Output

The o rg an ics  a re  sep ara ted  and s to re d  to  be used in  

the anaerobic r e a c to r  when the  n itro g en  con ten t o f the  w aste m a te r ia ls  

i s  h igh  enough to  u t i l i z e  the  high carbon co n ten t of th is  m a te r ia l ,  

and a t  the same time m ain ta in  a d e s ira b le  carbon -n itrogen  r a t io  in  

the anaerobic r e a c to r .  Ino rgan ics  c o n s is tin g  o f masonry, g r i t ,  g la s s ,  

e t c . ,  can be used in  c o n s tru c tio n  work as b a l l a s t  ( f i l l ) .  No income 

has been c a lc u la te d  fo r  t h i s .

22. Organic (wood) S torage (O-STORE)

The o rgan ics from the builders* w aste and s p e c ia l  c o lle c tio n

has been ground and s to re d  h ere  fo r  use in  the  REACTOR. The o rgan ics

coming from b u ild e r^  w aste and s p e c ia l  c o lle c tio n s  c o n s is t p r im a rily  

o f ground wood.

23. P e l l e t i z e r  #1 (PELET #1)

This equipment i s  w idely used in  the  animal food in d u s try . 

Ground organ ics a re  fo rced  through a d ie  w ith  steam and p re s su re .

The o p e ra tin g  tem perature  i s  s u f f ic ie n t  to  d estro y  salm onella  and 

p reven t the food from be ing  contam inated by a f la to x in .^ ^  The r e s u l t in g  

p e l le t s  con tain  le s s  than ten  p e rcen t m o istu re  and may be s a fe ly  s to re d .
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Input (dry w eight)

Paper 10 tons

P u tre sc ib le s  5 .4  tons

S w ill 4 .6  tons
2 0 . 0  tons

Output

2 0  tons of p e l le te d  sheep r a t io n s

24. Sheep R ation Storage (S-STORE)

S u f f ic ie n t  q u a n ti t ie s  of sheep ra t io n s  are kept here to

l a s t  seven days in  case of supply sh o rtag es  o r stoppage. ( 7  x 20 = 140

ton cap ac ity )

Input

Sheep ra tio n s

Output

Sheep ra tio n s  to  sheep sheds (SHEEP) -  20 tons per day

25. Sheep Sheds (SHEEP)

These sheds are roofed  and have a s l a t t e d  f lo o r . Beneath the 

s l a t s  i s  w ater, approxim ately one fo o t deep (2400 to n s ) . The feces 

and u rin e  pass between the s lo t s  in  the f lo o r  and in to  the w ater where 

the anaerob ic  b a c te r ia  in  the feces s u rv iv e s . The feces and u rin e

are  tra n sp o rte d  to  the  REACTOR in  the  w a ter.

Input to  15,000 sheep

2 0  tons of ra tio n s  per day
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26.

Source

Output

24,000 ]ambs per year to  s e l l

100,140 k i lo  (220,300 lb ) of wool per y ear to  s e l l  

7.707 tons (dry w eight) feces  and u rin e  per day fo r 

the REACTOR 

Water fo r  t ra n s p o r t  ing feces to  REACTOR 

Hydropulping S ep a ra to r #2 (HYDPLP //2)

The fo llow ing  m a te r ia ls  are pulped and sep a ra te d  in  HYDPLP #2 : 

Input

50 tons (dry w eigh t) c o n s is tin g  o f th e  fo llow ing :

T-STOREVAC
F i l  n VIBRSC

#1
AC HYDPLP HYDCYC 
#2 #1 #1

P u tre s c ib le s

Paper

Lawn Refuse

Rags, P la s t i c ,  
e tc .

Ferrous Metal

N on-ferrous
M etal

G lass

Ash, g r i t ,  e tc .  

Tree Prunings 

Water 112

2.58

2.9

.75

.116

9.

1 .

.05

1 0 .0

5.36

1.39

.7

1.0

0 .7  . 8

.5

.5

10

.4

.7

TOTAL DRY WEIGHT (49.946) 16.846 11.0 17.5 3.5 1.1
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Output To GRIND /M

G lass 9.6

Non-Ferrous M etal 
1 .8

Rags, p l a s t i c s ,  e tc .
1 .7 ..

13.1 tons

To HYDCYC #2 = 36.9 tons

27. Hydrocyclone S ep ara to r #2 (HYDCYC #2)

1195 tons (36.9 tons s o l id s )  a re  passed  through HYDCYC #2

where 1 .1  tons o f in o rg an ic s  a re  removed. The rem aining 35.8 tons

(dry w eight) o f o rg an ic s  are  pumped in to  w a te r e x tra c to r  number 2 (DWTR #2)

Input

1195 tons (36.9 tons s o lid s )

Output

1 . 1  tons in o rg an ics

28. W ater E x tra c to r  #2 (DWTR #2)

This i s  the  same equipment as DWTR #1 and i s  as d escribed  

th e re . The reason  fo r d if f e r e n t  numbers i s  to  id e n t i fy  the  p ro d u c t.

Inpu t

1194 tons (35 .8  tons dry w eight)

Output

917 tons of w ater recy c led  to  HYDPLP #2

477 tons a t  7.5 p e rc en t s o l id s  to  the  anaerob ic  re a c to r

* 35.8 tons (dry w eight) o rg an ics

in o rg an ics
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29. Anaerobic Reactor (REACTOR)

This c o n s is ts  of a c lo sed , s t i r r e d  tank held  a t  39° C where 

anaerob ic  ferm en ta tion  takes p la ce .

Inpu t

44.576 tons (dry w eight) of organics

See Tables 4-1 and 4-2 , pages 60 and 61 (A nalysis of

Elements of Anaerobic Reactor Inpu t) and (Weight Per Element o f Anaero­

b ic  R eactor Inpu t) fo r d e ta i le d  a n a ly s is  of in p u t.

Q u a n titie s  of methane and c e l l  growth were a rr iv e d  a t  using 

36methods of McCarty. The amount o f oxygen req u ired  to convert a 

d e f in i te  amount o f an organ ic  compound to carbon d io x id e , w ater and 

ammonia i s  rep re sen ted  by the  form ula:
35

^n\°b**c " b + t "  Y  " i  n COz +  (f “ y  C) H2O  +  C NH^

The e m p ir ic a l com position fo r  the  an aero b ic  re a c to r  in p u t can be expressed  as 

Cgg 0 ^ 2  N^« The oxygen re q u ire d  to  convert 44.573 tons o f t h i s  com­

pound would be 36.237 tons x 2240 — 81,171 pounds. The amount o f v o la t i l e  

b io lo g ic a l  s o l id s  (c o n s is tin g  p r im a rily  of m icrobal c e l l s )  can now be 

p ro je c te d .

^  "  1 + b (SRT)

where F -  lb .  BOD (81,171 lb )

a “  growth c o n sta n t (.2143)

b -  endogenous r e s p i r a t io n  r a te  (.0313)

SRT -  d e ten tio n  tim e (10 days)

A ■ 13,248 lb .  v o l a t i l e  b io lo g ic a l  s o lid s

a F
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Table 4-2

ANALYSIS FOR ELEMENTS 
OF ANAEROBIC REACTOR INPUT

I
0
1

Dry Weight-Tons 
(2240 lb s ) % C H 0 N Ash S

P u tre s c ib le s 3.116 6.99 41.7 5 .8 27.6 2 . 8 21.9 .25

Paper 13.016 29.20 -4 5 .4 6 . 1 42.1 0 .3 6 . 0 . 1 2

Yard Waste 6.859 15.39 49.2 6 .5 36.1 2 .9 6 . 0 .35

Rags, e tc . 2.812 6.31 46 .2 6 .4 41 .8 2 . 2 3.2 . 2

Sheep fe c e s 8 .70 19.52 49 .0 6 . 1 24.0 3 .0 17.21 -

Sheep u r in e .07 .16 4 .0 - - 95.0 - -

Tree p ru n in g , 
e tc .

1 0 . 0 0 22.43 49.6 6 . 2 38.5 0 . 2 0 1 5 .5 —

44.573



Table 4-3

WEIGHT PER ELEMENT 

OF ANAEROBIC REACTOR INPUT

I
ON

Tons % C H 0 N Ash

P u tre s c ib le s  3.116 6.99 1.30 .18 .86 .087 .682

Paper 13.016 29.20 5.91 .79 5.49 .039 .781

Yard w aste 6.859 15.39 3.375 .446 2.476 .199 .343

Rags, e tc . 2.812 6.31 1.299 .1799 1.175 .0619 .090

Sheep fe c es 8 .70 19.52 4.263 .5307 2.088 .261 1.153

Sheep
u rin e

.07 .16 .0028 - - .0665 -

Tree
p ru n in g s ,
e tc .

10 .0 22.43 4.96 .62 3.85 .0201 .55

TOTAL 44.573 21.11 2.7466 15.939 .7345 3.59

A  C/N R atio  » 21.11 T .7345 = 28.74 

V o la t i le  S o lid s  (VS) = 92%

The e m p iric a l e x p re ss io n  fo r  th e  above com position i s

^29 “ 4  °22 ®1



The v a lu es  fo r  a  and b were a r r iv e d  a t  by a ssess in g  th e  compound to  be 85% 

carb o h y d ra tes , 10% p ro te in s ,  and 5% f a t t y  a c id s ,  then in te rp o la t in g  from 

M cCarty's d a ta . *

The amount o f methane (CH^) was than  p re d ic te d :

C -  5 .62 (e F -  1 .42 

C -  CĤ  f t^  

e ■ e f f ic ie n c y  (95%)

F « BOD added p er day (81,171 lb s . )

A = v o la t i l e  b io lo g ic a l  s o l id s  (13 ,248 .6  l b s . )

C -  420,000 f t ^

This compares favo rab ly  w ith  t e s t s  conducted over the  p a s t
37s e v e ra l  y ears  by the U.S.D.A. in  P e o ria , I l l i n o i s ,  w ith  a load ing  

o f 7 .5  p e rcen t so lid s  and a d e te n tio n  tim e of ten  days. A mass re ­

duc tion  o f 65 p ercen t was recorded . Gas p roduction  was 8.75 f t ^  p e r 

pound o f v o la t i l e  s o l id s .  T h ere fo re , 99,843 pounds a t  92% v o la t i l e  

s o l id s  would produce 803,740 f t^  o f gas. This was recorded as 52% Ch4 

or 417,944 f t^  of CH4.

Output

420,000 f t3  CĤ  to  s e l l

594 tons of degassed e f f lu e n t  con ta in ing  m ic ro b ia l c e l l s  

and undigested  o rg an ics  to  SETTLE

*Note; A computer program was p repared  fo r the above fo r  s e n s i t iv i ty  
a n a ly s is . The carb o h y d ra tes , p ro te in s  and f a t t y  acids were each v a rie d  
from f iv e  p e rcen t to  e ig h ty - f iv e  p e rc e n t. Methane production  v a ried  
le ss  than  ten  p e rcen t.
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30. Q uiescent Tank (SETTLE)

Input

594 tons o f  e f f lu e n t  from the REACTOR

Output

17.8 tons (dry w eight) of sludge (40 p e rc en t of Inpu t)

5 .9  tons (dry w eight) of th is  i s  b io lo g ic a l  v o la t i l e  

s o lid s

The n itro g en  flow can now be determ ined.

44.573 tons x 2240 = 99,843.5 

@ 1.61% n itro g e n  = 1 ,607.5  lb s

13,248 lb s . of b io lo g ic a l v o la t i l e  s o l id s  assessed  as 

50 p e rcen t p ro te in  = 6624 f  6.25 = 1 ,059.84 lbs of n itro g en  

This n itro g e n  appears in  th e  s lu d g e; th e  balance  (547.16 lb s )  

i s  expected  to  pass o f f  w ith  the 416 tons o f e f f lu e n t  to  the a lg ae  ponds.

31. Algae Pond (POND)

A lgae, through p h o to sy n th e s is , can u t i l i z e  n itro g e n  and o th e r 

n u t r i e n t s ,  p lu s s u n l ig h t ,  as energy to  produce o rg an ic  c e l l s  co n ta in in g  

f i f ty  p e rcen t to e ig h ty  p e rcen t p ro te in . This i s  d e s ir a b le  in  th a t  

u sab le  p ro te in  i s  produced and the  BOD of the e f f lu e n t  i s  reduced so 

th a t  the w ater may be recycled  through the system . The U n iv e rs ity  o f 

C a l ifo rn ia  has c u lt iv a te d  algae p ro te in  grown on the  su p ern a tan t (e f f lu e n t)  

from an anaerob ic  d ig e s to r  and su c c e ss fu lly  fed i t  to  anim als s in ce

1960.41
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S p iru lln a  Is  a d e s ira b le  a lg ae  in  th a t  i t  f lo a ts  and i s  r e l a ­

t iv e ly  la rg e , making i t  e a s ie r  to  h a rv e s t than most o th e r a l g a e . ^0"41 

Another advantage i s  th a t  i t  has been grown and h a rv ested  fo r  many 

years in  N orth A frica  and Mexico so th a t  i t s  c h a r a c te r is t ic s  a re  now 

w ell known. Dr. M ichale Kuane, m ic ro b io lo g is t of P e rth , W estern 

A u s tra lia , r e p o r ts  th a t  s p i ru l ln a  e x is t s  in  W estern A u s tra lia  and th a t  

a tru e  c u ltu re  could be m ain tained  under p roper conditions.^®

This POND c o n s is ts  o f p l a s t i c  tubes e ig h t inches deep and 

s ix te e n  f e e t  w ide. Approximately t h i r t y  ac res  su rface  a rea  i s  re q u ire d .

There i s  547.66 lb s  o f n itro g e n  a v a ila b le  fo r  a lg ae  growth. 

Algae of f i f t y  p e rc en t p ro te in  would have e ig h t p e rcen t n i tro g e n , i . e . ,  

547.66 T .08 = 6 ,84 5 .7 7 , or 3.06 tons (dry w eight) per day of a lgae  

co n ta in ing  f i f t y  pe rcen t p ro te in .

Inpu t

416 tons o f e f f lu e n t

22,000 tons o f w a te r (548 tons from sheep sheds)

Output

22.416 tons of a lg ae -w a te r m ix ture.

32. F lo ta t io n  Tank (FLOAT)

Since s p i ru l ln a  f l o a t s ,  the a lg ae  s lu r ry  may be recovered  by 

auto  f lo t a t io n  from a shallow  pond .^ l

Inpu t

22.416 tons o f w ater co n ta in in g  a lgae
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Output
41

Algae s lu r ry  a t  2,000 m/1 (0.2%) = 1,525 tons to  CNTF i tl  

Algae w ater re tu rn ed  to  POND = 22,416 -  1,525 -  10% lo ss  

= 18,800 tons co n ta in in g  unharvested  algae

33. C en trifu g a l S ep ara to r #1 (CNTF #1)

This equipment i s  f req u e n tly  used fo r  e x tra c tin g  m icroscopic 

m a te r ia l such as a lg ae . I t s  d isadvantage is  high maintenance and energy 

c o s ts . S p iru lln a  has been su c c e ss fu lly  sep a ra ted  by f i l t e r i n g  in  

Mexico and A frica . However, the  A u stra lian  v a r ie ty  is  somewhat sm alle r 

than the American or A frican  coun terpart.^®  Since th e re  i s  no record  

o f su c c e ss fu l f i l t e r i n g , t h e  more expensive c e n tr ifu g a l  s e p a ra to r  system 

w i l l  be used here .

Input

1,525 tons of a lgae  s lu r ry  co n ta in in g  3.05 tons dry 

weight of a lgae

Output

Consider 90 p e rc en t h a rv e s tin g  e ff ic ie n c y  and 30 p e rcen t 

a lgae = 9.15 tons to  Dryer #3 (70 p ercen t m oisture)

34. Dryer Number Three (DRY #3)

This i s  the same equipment as d ry ers  one and two. The numbers 

have been changed in  o rd er to  id e n tify  the  in p u t.

I nput

9,15 tons o f a lg ae  s lu r ry  -  70 p e rcen t m oisture

Output

2.75 tons of dry algae to  s e l l
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35. Vacuum F i l t e r  #1 (VAC FIL #1)

This equipment i s  in  common use in  sa n ita ry  en g in ee rin g . A 

f i l t e r  on a revo lv ing  drum i s  passed through the sludge and over a 

vacuum, w ith  the r e s u l t  th a t  sludge accum ulates on the  f i l t e r .  The 

f i l t e r e d  sludge con tains approxim ately 25 percen t s o l id s  and can be 

scrapped from the f i l t e r .  A sludge th icken ing  agent may be used to  

in c rease  e f f ic ie n c y . This can be determ ined by te s t in g  the s ludge.

Inpu t

178 tons o f sludge -  10 p e rcen t so lid s

Output

71.2 tons of sludge -  25 percen t so lid s  to  DRYER #4

106.8 tons of w a ter to  HYDPLP #2

36. Dryer H  (DRY #4)

This i s  the same equipment as d ryers number two and th re e .

The number i s  changed to  id e n t i fy  the  in p u t.

Inpu t

71:2 tons o f sludge

Output

Î7 .8  tons of dry  sludge to* be s to red  fo r  P-BATCH

37. P o u ltry  Ration B atcher (P-IATCH)

This i s  the same as the  sheep ra tio n  b a tc h e r , excep t th a t  the 

in g re d ie n ts  are  d ried  sludge, wheat du st and p u tre s c ib le s .

Input

17.8 tons of sludge

1 0  tons o f wheat dust

0 .4  tons of p u tre s c ib le s
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Output

28.2 tons (dry w eight) of p o u ltry  ra tio n s

38. P e l l e t i z e r  //2 (PELET //2)

This i s  the same equipment as PELET #1; the number has been 

changed to id e n tify  the in p u t.

Input (dry w eight)

sludge -  17.8 tons 

wheat dust -  1 0  tons 

P u tre s c ib le s  -  0 .4  tons

Output

28.2 tons of p e l le te d  p o u ltry  ra tio n s

39. G rinder #4 (GRIND #4)

This i s  the  same equipment as g rin d e rs  one, two and th re e .

The number i s  changed to  id e n tify  the  in p u t.

Input

14 tons o f in o rg an ics  from HYDPLP #2 and HYDCYC #2

Output

14 tons of in o rg an ics  to  MAG #4

40. M agnetic S ep ara to r #4 (MAG #4)

This i s  the  same equipment as magnetic s ep a ra to rs  two and th ree . 

Input

14 tons of in o rg an ics

Output

1  ton fe rro u s  m etal to  s e l l

13 tons g la s s ,  e t c . ,  to  co lo r s o r te r  (CLR-SRT //I)
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41. Color S o rte r (CLR-SRT #1)

This equipment passes a m a te r ia l  between an o p t ic a l  scanner 

and a background. I f  the m a te r ia l  matches the background a j e t  of a i r  

moves i t  o f f  i t s  t r a je c to r y .  O ther m a te r ia ls  continue on. In  th is  

manner, g la s s  may be so rte d  in to  c le a r  amber and green. O ther m a te r ia ls  

continue on the t r a in .  This equipm ent i s  o p era tin g  in  F ra n k lin , Ohio. 

Inpu t

13 tons of g la s s ,  e tc .

Output

9 .8  tons g la ss

= 3 . 2  tons to  STONER #2 i

42. V ib ra tin g  Table S ep a ra to r #2 (STONER #2)

This equipment was d e sc rib ed  under STONER #1.

Input

3.2 tons of in o rg a n ic s

Output

1 . 8  tons of n o n -fe rro u s  m etals to  s e l l

1.4 tons of g r i t ,  m asonry, e t c . ,  fo r  f i l l

Summary of Input-O utput 

Input :

1 0 0  tons o f m unicipal re fu se

1 0  tons of s w il l

1 0  tons of wheat dust

1 0  tons (dry w eight) o f t r e e  prunings

1 0  tons (m in.) of b u ild e rs* w as te  and s p e c ia l  c o lle c t io n s
140 tons of w aste d a ily  (T o ta l waste in p u t)
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S o lar energy

an aerob ic  re a c to r  h ea tin g  

a lg ae  growth 

E le c t r ic a l  energy fo r  equipment 

Manpower (in c lu d in g  knowledge) 

Equipment 

Land 

Water 

Air 

O utput:

N on-ferrous m etals 

Ferrous m etals 

Paper 

Methane 

Wool 

Lambs 

G lass 

Algae

P o u ltry  Feed

54.0  X 10 BTU's/day 

30 a c re s  of su rfa ce  

7,250 KWH/day 

27 per day 

$1 , 0 0 0 , 0 0 0  

1 0 0  a c res

1 . 1  tons p e r day

1 0  tons p e r day

13 tons p e r day 

3420.000 f t  STP per day 

100,140 k i lo  (220,300 lb s )  year

24.000

1 0  tons per day

2.75 tons p e r day

28.2 to n s  per day 

A m arket ha# been e s ta b lish e d  fo r  th e  above p ro d u c ts . However, 

no m arket has been e s ta b lish e d  fo r  th e  g r i t  (5% of g la s s  and m eta ls  

which were no t recovered  and show up as g r i t j  This i s  tru e  fo r  ash , 

sand, ceram ics, and masonry. Not co n sid e rin g  b u ild e rs  w aste and s p e c ia l  

c o l le c t io n ,  th e re  would be f iv e  to n s  of g r i t  w ith  th e  fo llow ing  com position:
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M etals 12.4 @ = .6

G lass 10.9 @ = .5

Rags, p l a s t i c ,  e tc .  = 1 . 6  

Ash, Sand, e tc .  = 2 .3

TOTAL = 5 .0  tons

The lo c a l  government has agreed to  u se  th i s  amount as  f i l l  in  con­

s t r u c t io n  p ro je c ts .  No income was c a lc u la te d  fo r  the  b u ild e rs  w aste and 

s p e c ia l  c o l le c t io n s .  However, th e se  w astes should produce a p r o f i t  when 

processed  through th e  system . B u ild e rs  w aste c o n s is ts  b a s ic a l ly  of wood 

and masonry w ith  some m e ta ls . The wood can be ground and used in  the  

REACTOR thereby  in c re a s in g  the  p roduction  o f methane, a lg ae  and slu d g e .

The m eta ls  can be sep a ra ted  and so ld . The masonry can be reduced in  

s iz e  in  the  g r in d e r , i t  i s  then s u i ta b le  fo r  b a l la s t  ( f i l l )  in  c o n s tru c ­

t io n  work. S pec ia l c o lle c t io n s  c o n ta in  w hite  goods ( r e f r ig e r a to r s ,  s to v e s ,

e t c . )  p lu s  o th e r  d isca rd ed  fu r n i tu re  and equipm ent. The g rin d in g  equipment 

i s  s ize d  to  handle r e f r i g e r a to r s ,  s to v e s , e tc .  (not au to m o b iles). A fte r 

th e se  m a te r ia ls  have been reduced in  s iz e  by th e  g rin d in g  equipment they 

can be so ld  along w ith  th e  o th e r scrap  m e ta l.
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Chapter V 

ECONOMIC STUDIES

A. P re s e n t Waste D isposal Problems In  th e  P e rth  M etropo litan  Area

A re p o r t  commissioned by th e  P u b lic  H ealth  Department and prepared 

by th e  te c h n ic a l adv isory  subcommittee o f th e  M etropo litan  Refuse D is­

p o sa l P lann ing  Committee was commenced In  October 1970 and accep ted  In  
8

May 1974. This re p o r t  concluded th a t  w aste  management c o s ts  (c o l le c t io n  

and d isp o sa l)  w i l l  r i s e  w hatever methods a re  adopted In  th e  fu tu r e ,  and 

th a t  In c reas in g  f in a n c ia l  co n trib u tio n ..m u st be made by th e  lo c a l  community.

Furtherm ore, th e  d isp o sa l of w aste  by th e  l a n d f i l l  method must co n tinue  

a t  p re s e n t .  However, th e  s i tu a t io n  In  re s p e c t to  th e  a v a i l a b i l i t y  o f land 

In  th e  m e tro p o litan  a rea  fo r  d isp o sa l by th i s  means now appears to  have a 

much more lim ite d  fu tu re  than  In d ic a ted  by e a r l i e r  e s tim a te s .

T h ere fo re , th e  In tro d u c tio n  o f supplem entary methods to  In c rease  r e ­

fu se  d e n s ity  ( s tk t l c  com pactors, p u lv e r iz a t io n  o r  sh red d in g ), to g e th e r w ith  

t r a n s f e r  s ta t io n s  Is  needed In  o rder to  In c rease  th e  e f f e c t iv e  l i f e  of 

u sab le  d isp o sa l s i t e s  and to  enhance th e  'pay lo a d ' o f  t ra n s p o r t  v e h ic le s . 

The in tro d u c tio n  of In c in e ra t io n  was considered  b u t fo r  environm ental and 

economic reasons I t  I s  n o t c u r re n tly  a  p ra c t ic a b le  p ro p o s itio n .
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An economic study was Included  in  th e  above r e p o r t  on th e  c o s ts  of

sh red d in g , sep a ra tin g  and com positing  P e rth  m unicipal r e f u s e .  These co sts

along  w ith  th e  s tu d ie s  on th e  com position  o f re fu se  a re  used a s  a b a s is  
8 ,33 ,34

fo r  th i s  s tu d y .

B. Economic C onsidera tions o f th e  Proposed P r o je c t .

1. In tro d u c tio n

I t  I s  necessary  to  have a demand fo r  a  p roduct; o th e rw ise . I t  becomes 

re fu s e .  For th is  reaso n , a study  was made of th e  demand fo r  each p ro d u c t.

I t  was found th a t  th e re  Is  lo c a l  demand fo r  the  p roducts , and l e t t e r s  of 

In te n t  to  purchase have been o b ta in e d .

Schedule 1, Appendix A Is  th e  r e s u l t  of th is  su rvey  and th e  ba 

p r ic in g .  The succeeding schedu les d e t a i l  the  In d iv id u a l p ro d u c ts .

2. C ap ita l Costs

From the  Input-O utput d a ta  I t  was p o ss ib le  to  de term ine  th e  types of

equipment req u ired  and I t s  c a p a c ity . From th is  In fo rm ation  a survey  was

made o f equipment m an u fac tu rers, from which Table 5 -1 , page 73 "Major Equipment

D e ta ils "  was p repared . These p r ic e s  re p re se n t approxim ate fa c to ry  c o s ts

from b e s t  m anufacturer e s tim a te s , and a c tu a l equipment c o s ts  subm itted  fo r 
38

s im ila r  p ro je c ts  and s im ila r  equipm ent In  e x is t in g  p la n t s ,  p a r t ic u la r ly  

th e  f a c i l i t i e s  In  F ran k lin , Ohio and S t .  L ouis, M isso u ri.

To th e  b a s ic  equipment c o s ts ,  20% was added fo r  m lce llaneous a n c i l ­

la ry  equipm ent. A fu r th e r  43% was added fo r  I n s t a l l a t i o n  c o s ts .  Then 

$100,250 was added fo r  t r a n s p o r ta t io n  to  A u s tra lia  ( th e  c o s t o f a  " s tre tc h e d  

8" cargo p lane from Oklahoma C ity  to  P e r th ) .

A ctual b u ild in g  c o s ts  were e s tim ated  by q u a n tity  surveyors In  A u s tra l ia .  

Due to  th e  te c h n ic a l n a tu re  o f th e  p ro je c t  a fe e  o f  23% was used fo r  a rch ­

i t e c t  and eng ineers fe e s , th i s  In c lu d es  f u l l  c o n s tru c tio n  su p e rv is io n . A 

f u r th e r  $100,000 was allow ed fo r  f e a s i b i l i t y  s tu d ie s .



Table 5-1 

MA.IOU EQUIPMENT DETAI I.S

Name C apacity 
(Tons/Hour)

Approx.
Cost (U.S. $)

M anufacturer

D eco n ta in e rizer 2 0

A lrc la s s if ic a t io n  20
S ep ara to r //I 
( in c lu d in g  Mag­
n e t ic  Sep. #1)

Magnetic Separators 5
n,  3

A irc la s s i f ic a t io n  10
S ep ara to r //2

Shredder 10

V ib ra ting  Screens 10

Hydropulper #1 5
(in c lu d in g  Hydro­
cyclone & dewater­
ing)

Hydropulper #2 15
(in c lu d in g  Hydro­
cyclone & dewater­
ing)

G rinders 15

Color S o rte r 5

C en trifuge  207

Vacuum F i l t e r  35

P e lle t in g  P la n t 35

Pumps 30

Dryers 10

Stoner 4

15,000

139,000

5,200

95.000

17.000

10.000  

17,000

90.000

105,000

15.000

76.000

55.000

20.000  

7,500

75.000

15.000

Lumis Gin*

Radar Pneu­
m a tic s

G eneral
E l e c t r i c

Radar Pneu­
m a tic s

W illiams

Lumis Gin

Black Clawson

Black Clawson

W illiam s

Sortex

D orr-O liver

D orr-O liver

C a l i f .  P e l le t  Co.

Z ecussi

Black-Clawson

S u tte n , S te e l  & 
S te e l
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Table 5-1 

(Continued)

Name Capacity
(Tons/Hour)

Approx.
Cost (U.S. $)

R eactor In strum en ta­
tio n

R eactor S o lar 
H eater

10,000

23,000

M a n u f a c t u r e r

D o r r - O l i v e r

S o lar Hart**

*Modified S tandard Equipment.

**The s o la r  h e a te r  i s  fu rn ished  in  A u s tra l ia .

Note: P r ic e s  a re  fa c to ry  p r ic e s  in  the U nited S ta te s  using  U.S.
d o lla rs  and do no t inc lude  t r a n s p o r ta t io n ,  i n s t a l l a t i o n ,  ta x e s , e tc .
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3. Labor Costs

From the Inpu t-O utpu t d a ta ,  equipment l i s t s  and worker an a ly s is  th e  

lab o r c o s ts  were estim ated  u s in g  p la n ts  w ith  s im ila r  c a p a c ity  and lo c a l 

co n d itio n s  in  P e rth  as  a b a s is .  (See Table 5-2 Manpower requ irem ent).

4 . Energy C osts

From Input-O utpu t d a ta  and equipment c a p a c i t ie s  th e  energy re q u ire ­

ments were e s tim a ted . The horsepower o f th e  equipment and the tim e in  use 

was converted  to  k i l lo w a t t  hours (KWH). 20% was added fo r  m iscellanous

demands. By using  $.04 p e r KWH, th is  to ta le d  $212,500 p er y ear.

5 . M aintenance

Labor co st fo r  m aintenance was included in  man power requ irem en ts . 

T h e re fo re , replacem ent p a r t s  only a re  in c lu d ed . For th e  f i r s t  y ea r the  

equipment is  under w arran ty , th e re a f te r  $40,000 y e a r ly  i s  allowed fo r  r e ­

placem ent p a r ts .

6 . C ap ita l E xpend itu re

Equipment ( in c lu d in g  in s ta l l a t io n )  $1,064,110
Algae ponds 114,400
Ferm entation tanks 165,000
S o la r h e a te rs  fo r  fe rm en ta tio n  tanks 17,160
Sheep sheds 117,000
P la n t  b u ild in g s  120,000
Fees 525,000
Land 100,000
Sheep 160,000

T o ta l $2,382,670

7 . Cash Flow

A fte r th e  expenses and revenues were determ ined , a cash flow was 

p rep a red . See T a b le 5-3 . The equipment coming from th e  United S ta te s  

was considered  as  fin an ced  by th e  E xport-Im port Bank (EXIM Bank) w ith  a 

20% d e p o s it  and th e  b a lan c e  over 5 y e a rs  a t  10% i n t e r e s t .  The eng ineering  

work i s  completed under th e  column la b e led  e n g in e e rin g . At the  beg in ­

ning o f th e  f i r s t  q u a r te r  o f the  f i r s t  year th e  2 0 % d ep o sit i s  made on
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Table 5-2

MANPOWER REQUIREMENTS

Number of Y early
' Man Years E xpenditure

G eneral Manager 1 $ 2 0 , 0 0 0

S ecre ta ry  and R ecep tio n is t 2  @$6000 1 2 , 0 0 0

P la n t Manager 1 1 2 , 0 0 0

Ferm entation O perato rs 2  @$8 , 0 0 0 16,000
T ransport D river 2  @$8 , 0 0 0 16,000
Dryer and P e l l e t i z e r 2  @$8 , 0 0 0 16,000
M aintenance F i t t e r s 3 @$8,000 24,000
Chemist and Lab Technician 1 1 0 , 0 0 0

G eneral Labor 3 @$5,000 15,000
Scavengers 2  @$6 , 0 0 0 1 2 , 0 0 0

C leaners 2 1 0 , 0 0 0

Animal Husbandry Manager 1 1 2 , 0 0 0

General Labor fo r  Animals 3 18,000
G rinder O perators 2 @$7,500 15,000

T o ta l Labor Force 27 $196,000

$196,000 + 12% /frlnge b e n e f its  -  $220,000.
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TABLr 5 - 3  

CASK FLO..

F i r s t  Y ear Second Y ear T h ird  Y ear

ENGR 1 s t 2nd 3 rd 4 th 1 s t 2nd 3 rd 4 th 1 s t 2nd 3rd 4 th
BOM Bank 
A lg ae  Ponds 
S o la r  H e a te r s  
F e rm e n ta t io n  T anks 
Sheep Shed*
P la n t  B u i ld in g
F ees
Land
Sheep

1 8 5 ,0 0 0

1 5 3 ,340
1 1 ,4 0 0

1 ,7 0 0
1 0 ,5 0 0
1 0 ,0 0 0
1 2 ,0 0 0
8 5 ,0 0 0

1 0 0 ,0 0 0

5 0 .0 0 0  
6 ,8 7 2

6 9 .0 0 0  
4 8 ,5 0 0
5 0 .0 0 0
8 5 .0 0 0

6 0 .0 0 0

5 0 .0 0 0  
6 ,8 7 2

6 9 .0 0 0  
4 8 ,5 0 0
5 0 .0 0 0
8 5 .0 0 0

1 0 0 .0 0 0

3 .0 0 0  
1 ,7 1 6

1 6 ,5 0 0
1 0 ,0 0 0

8 .0 0 0  
8 5 ,0 0 0

1 0 8 ,3 6 6 1 0 8 ,3 6 6 1 0 8 ,366 1 0 8 ,366

TOTAL PLANT & EQUIP. 1 8 5 .0 0 0 3 8 3 .9 4 0 3 6 9 .3 7 2 4 0 9 .3 7 2 1 2 4 .2 1 6 1 0 8 .3 6 6 1 0 8 ,3 6 6 10 8 ,3 6 6 ”  1 0 8 ,3 6 6

Energy
L abor
T ech . C o n s u l t .  
Sheep S h e a r in g  
M a in ten an ce

5 ,0 0 0
1 0 ,0 0 0
1 2 ,5 0 0

2 5 .0 0 0
3 0 .0 0 0  
1 2 ,5 0 0

OPERATING EXPENSES 
5 3 ,1 2 5  5 3 ,1 2 5  6 0 ,0 0 0  
5 5 ,0 0 0  5 5 ,0 0 0  6 0 ,0 0 0  
1 2 ,5 0 0  1 2 ,5 0 0  1 3 ,5 0 0

1 0 ,0 0 0

6 0 ,0 0 0
6 0 ,0 0 0
1 3 ,5 0 0
10 ,0 0 0
1 0 ,0 0 0

6 0 ,0 0 0
6 0 ,0 0 0
1 3 ,5 0 0

1 0 ,0 0 0

6 0 ,0 0 0
6 0 ,0 0 0
1 3 ,5 0 0

1 0 ,0 0 0

6 3 .0 0 0  
7 5 ,6 0 0  
1 6 ,2 0 0

1 2 .0 0 0

6 3 .0 0 0  
7 5 ,6 0 0  
1 6 ,2 0 0
1 2 .0 0 0  
1 2 ,0 0 0

63 .0 0 0  
7 5 ,6 0 0  
1 6 ,2 0 0

12 .0 0 0

6 3 .0 0 0  
7 5 ,6 0 0  
1 6 ,2 0 0

1 2 .0 0 0

TOTAL OPERATING EXPENSES 5 .0 0 0 2 2 ,5 0 0 6 7 ,5 0 0 1 7 0 ,6 7 5 1 2 0 .6 2 5 1 4 3 .5 0 0 1 5 3 ,5 0 0 1 4 3 .5 0 0 1 4 3 ,5 0 0 1 6 6 ,800 1 7 8 ,8 0 0 1 6 6 ,8 0 0 1 6 6 .SOD

REVENUES

Drop C h a rg es
C»4
Wool
Lambs
A lg ae
P o u l t r y  Feed
P ap er
G la ss
F e rro u s  M eta l 
N o n -F erro u s  M eta l

2 0 ,0 0 0 3 0 ,0 0 0 5 1 ,1 0 0

2 0 ,0 0 0
5 .0 0 0
5 .0 0 0
5 .0 0 0

5 1 ,1 0 0

2 4 .0 0 0  
5 ,0 0 0

1 0 ,7 5 0
2 0 .0 0 0

5 1 .0 0 0
4 0 .0 0 0

2 0 .0 0 0
2 5 .0 0 0  

1 2 0 ,0 0 0
5 5 .0 0 0
1 0 .0 0 0  
1 0 ,7 5 0  
2 4 ,0 0 0

5 1 ,1 0 0
7 5 ,5 0 0

4 3 ,8 0 0
57 ,7 2 4

2 0 0 ,0 0 0
6 5 .0 0 0
1 1 .0 0 0  
1 0 ,7 5 0  
2 5 ,0 0 0

5 1 ,1 0 0
7 5 ,5 0 0

1 5 0 ,0 0 0
4 3 |8 0 0
5 7 ,7 2 4

2 4 6 ,3 7 5
6 5 ,2 4 3
1 1 ,0 4 6
1 0 ,7 5 0
2 5 ,4 7 6

51 ,1 0 0
7 5 ,5 0 0

4 3 ,8 0 0
5 7 ,7 2 4

2 4 6 ,375
65 ,243
1 1 ,0 4 6
1 0 ,7 5 0
2 5 ,4 7 6

5 1 ,1 0 0
7 5 ,5 0 0

4 3 ,8 0 0
5 7 ,7 2 4

2 4 6 ,3 7 5
6 5 ,2 4 3
1 1 ,0 4 6
1 0 ,7 5 0
2 5 ,4 7 6

6 1 ,3 2 0
8 6 ,8 2 5

56 ,9 4 0
6 9 ,2 6 9

2 9 5 ,6 5 0
78 ,292
1 3 ,2 5 5
12 ,9 0 0
3 0 ,8 9 5

6 1 ,3 2 0
8 6 ,8 2 5

6 9 ,2 6 9
2 9 5 ,6 5 0

7 8 ,2 9 2
1 3 ,2 5 5
1 2 ,9 0 0
3 0 ,8 9 5

61 ,3 2 0
8 6 ,8 2 5

5 6 ,9 4 0
69 ,264

2 9 5 ,650
78 ,2 9 2
1 3 ,2 5 5
12 ,900
30 ,895

6 1 ,3 2 0
8 6 ,8 2 5

5 6 ,9 4 0
69 ,2 6 9

2 9 5 ,6 5 0
7 8 ,2 9 2
1 3 ,2 5 5
1 2 ,9 0 0
3 0 ,8 9 5

TOTAL REVENUE 2 0 .0 0 0 3 0 .0 0 0 8 6 ,1 0 0 1 1 0 ,850 3 5 9 .8 9 0 5 3 9 .874 737 .014 5 8 7 .014 5 8 7 .014 7 0 5 .3 4 6 8 9 7 .6 6 5 7 0 5 ,346 5 5 7 ,6 6 5
TOTAL EXPENSES 1 9 0 .0 0 0 4 0 6 .4 4 0 4 3 6J872 529 ,997 2 4 9 .8 4 1 1 4 3 .5 0 0 2 6 1 .8 6 6 1 4 3 .5 0 0 2 5 1 .8 6 6 1 6 6 .8 0 0 2 8 7 ,1 6 6 1 6 6 ,800 2 8 7 ,1 0 6
BALANCE (170 .00(0  (376.440) (350 .772) (419.147) U L .0 0 9 3 9 6 ,8 7 4 4 7 5 ,1 4 8 4 4 3 .5 1 4 3 3 5 .1 4 8 5 3 8 ,5 4 6 6 1 0 ,4 9 9 5 3 8 ,546 4 1 8 ,l5 0 |
SUMMATION Û7O.OO0) (546 .44A  (897.717) C l.316.359) A .2 0 5 .350) (808 .913) (33.829) 109 .687 4 4 4 .8 3 5 983 .381 1 .5 9 3 .8 8 0 2 ,1 3 7 ,4 2 6 2 .5 5 0 .6 0 6



th e  equipment and th e  equipment i s  d e liv e re d . C o n trac ts  a r e  a ls o  l e t  fo r  

th e  c o n s tru c tio n  work and c o n s tru c tio n  commences im m ediately . C onstruction  

is  scheduled so th a t  by th e  2 nd q u a r te r  the  equipment i s  in s t a l l e d  and t e s t  

runs a re  made. The f i r s t  c o n te n te n t o f sheep i s  d e l iv e re d . By th e  end 

o f th e  th i r d  q u a r te r  th e  system  i s  in  o p e ra tio n .

See cash  flow T able 5 -3 . The "break-even" p o in t i s  th e  3rd  q u a r te r  o f  th e  

f i r s t  y e a r w ith  a d e b it  o f  $1,316,359 w ithou t d e p re c ia t io n , tax es  o r in su ran ce .

8 . D ep rec ia tio n :

equipment = $1,064,110 @ 5 y e a rs  = 212,822 t  4 = $53,205 q u a r te r ly

Fixed p la n t  and b u ild in g s  = $1,058,560 @ 20 y e a rs  = 52,528 + 4 = 13,132

Sheep “  $160,000 0 5 y e a rs  = $32,000 4 4 =  8,000

T o ta l « $74,337

See D ep rec ia tio n  Cash Flow, Table 5-4.

9 . S e n s i t iv i ty

In  o rd e r to  determ ine th e  system  s e n s i t iv i ty  to  m arket f lu c tu a t io n s  th e  

p r ic e  o f p o u ltry  r a t io n s  was reduced by 50% (from $90 p e r to n  to  $45 p e r to n ) . 

The "break-even" p o in t rem ains in  th e  4th  q u a rte r  o f th e  f i r s t  yeai; however, 

th e  t o t a l  revenue a t  th e  end of th e  3rd year i s  reduced from 2,550,606 to  

1 ,392 ,048 . See Table 5-5 Cash Flow w ith  P o u ltry  R ation  Reduced by 50%

A nother cash  flow was p repared  to  determ ine th e  s e n s i t i v i t y  o f th e  sy s ­

tem to  com pletion  de lay s  in  c o n s tru c tio n . The com pletion o f  fe rm en ta tio n  

tank  was delayed one q u a r te r ,  see  ta b le  5-6* (Delays in  Ferm entation  

Tank co m ple tion .) The "breakoeven” p o in t i s  in  the  4 th  q u a r te r  w ith  a 

to t a l  deb t  o f $1 ,553 ,067. This d e lay  increased  th e  deb t  by $236,708 

where a s  th e  fe rm en ta tio n  tan k  on ly  c o s t $165,000.
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TABLE 5 -4  

CASB FLOV WITH DEPSECIATI(MI

la c B . 1 s t
la c  T aa r 

2nd 3rd 4 th la c
2nd T ear 

2nd 3 rd 4ch f a t
3 rd  T aa r 

2nd 3 rd 4 th

TOTAL BEVEBDES 20.000  30.000 86 .100 112.850 355.850 539.à74 737.014 587.014 587.014 705.346 897.665 705,34# •9 7 .6 6 5

O e p tc e ia tlo n —— ----- ----- 74,337 74,337 74,337 74,337 74,337 74,337 74,337 74,337 74,337 74,337

TOTAL EXPENSES 190.000 406 .440 436.872 529.997 244.841 143.500 261.866 143.500 251.866 166.800 287.166 16&.800 i8 7 .1 6 6

DEPRECIATION PLUS 
EXPENSES 190.000 406.440 736.872 604.334 319.178 217,837 336,203 217.837 325.203 241.137 361.503 241.137 361.503

BALANCE (190.000)076 .440) (350.772) (493.484) 36 .672 322.037 400.811 369.177 261.811 464.209 536.162 464.209 536.162

SUMMATION 070.000X 346.440) (897.212X 1.390.696) (1 .354.024) 0 .031 .987X 631 .176 )(261 .999 ) (188) 464.021 1 .000 .1831 .464 .392 2 .000 .554



TABLE 5-5

CASH FLOW WITH POULTRY RATIOS PRICES REDUCED BY 50%

F i r s t  Y ear Second Y ear T h ird  Y ear

ESGR. 1 s t 2nd 3 rd 4 th 1 s t 2nd 3rd 4 th 1 s t 2nd 3rd 4 th

TOTAL REVENUES 2 0 .0 0 0  3 0 .0 0 0 86.100 1 1 0 .8 5 0 2 9 5 .8 5 0 4 3 9 .8 7 4 613 .827 4 6 3 .8 2 7 4 6 3 .8 2 7 557 .521 6 4 9 .8 4 0 557.521 6 4 9 .8 4 0

TOTAL EXPENSES 1 9 0 .0 0 0  4 0 6 .4 4 0 4 3 6 .8 7 2 5 2 9 .997 2 4 4 .841 1 4 3 .5 0 0 261 .861 1 4 3 .5 0 0 2 5 1 .8 6 6 16 6 .8 0 0 2 8 7 .166 16 6 .800 2 8 7 .1 6 6

BALANCE (1 7 0 .0 0 0 Î Û 7 6 .44(0 Û 5 0 .7 7 2 ) (4 1 9 .1 4 7 ) 5 1 .0 1 9 296 .374 34 1 .9 6 6 3 2 0 .327 2 1 1 .961 380 .721 36 2 .684 380 .721 3 6 2 .6 8 4

SUSiAIION (5 4 6 .4 4 0 ) (89 7 .2 1 2 ) Q .3 1 6 .359) Cl.2 6 5 .3 4 0 ) (9 6 8 .9 6 6 ) (6 2 7 .0 0 0 ) (3 0 6 ,6 7 3 ) (54 ,712) 28 6 .0 0 9 6 4 8 .693 1 .0 2 9 .4 1 4 1 .3 9 2 .0 9 8
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TABLE 5 -6

CASH FLOW WTTH DELAY IN FERMENTATION TANK COMPLETION

Ferm entation Tanks

1 s t  T ea r
ENGR. 1 s t  2nd 3 rd  4 th  1 s t

1 0 ,5 0 0  3 0 ,0 0 0  3 9 ,0 0 0  6 9 ,0 0 0  1 6 ,5 0 0

2nd Y ear 
2nd 3 rd 4 th 1 s t

3 rd  Y ear 
2nd 3 rd 4 th

TOTAL PLANT & EQUIP. 1 8 5 .0 0 0  3 8 3 .9 4 8  3 3 0 ,3 7 2  3 7 9 ,3 7 2  1 7 6 ,7 1 6  1 6 ,5 0 0  1 0 8 ,3 6 6    1 0 8 ,366 1 0 8 .3 6 6

TOTAL OPERATING 
EXPENSES

TOTAL REVENUES 2 0 .0 0 0  3 0 .0 0 0 8 6 .1 0 0  1 1 0 .8 5 0  3 5 5 .8 5 8  5 3 9 .8 7 4  7 3 7 .014  5 8 7 .014  7 0 5 .3 4 6  7 0 5 .3 4 6  8 9 7 .6 6 5

1 0 8 .366

5 .0 0 0  2 2 .5 0 0  6 7 ,5 0 0  1 2 0 ,6 2 5  1 2 0 .6 2 5  1 4 3 .5 0 0  1 4 3 .5 0 0  1 5 3 .5 0 0  1 4 3 .5 0 0  1 6 6 .8 0 0  1 6 6 .8 0 0  1 7 8 .800  166 ,800

TOTAL EXPENSES

BALANCE

SUMMATION

lT 9 0 .0 0 § (k 0 6 .4 4 @  0 9 7 .8 7 3  (517,997) (287.556!. 0 6 0 .0 0 0 )  C251.866) (153,500) (2 5 1 .8 6 6 W 1 6 6 ,800^ @ 75.166) 0 7 8 .8 0 0 )  (2 7 5 ,16@

(170,000|)(376.448) 6 9 7 .8 7 3  (131,897) 0 7 6 ,8 5 1 ) 1 9 5 ,8 5 0  2 8 9 .9 4 8  5 8 3 ,514  3 3 5 ,1 4 8  5 3 8 ,5 4 6  4 3 " .1 « 0  7 1 8 .8 6 5  4 3 0 .1 8 0  '

6 7 0 ,0 0 (5 6 4 6 ,4 4 8 )  l944.32Cj><l,376,217) 0 . 5 5 3 ,0 6 ^  (1 ,3 5 7 ,2 1 % ,0 6 7 ,2 6 9 )(4 8 1 .7 5 9 )  (146,6071 3 9 1 .9 3 9  8 2 2 .1 2 3  1 .5 4 0 .9 8 8  1 .9 7 1 .0 8 8



C. Summary of Economic C onsid era tio n s

The income from the  system  o p e ra tio n s  i s  ummarized in  Table 5-7 

(Summary of Y early Incom e). This income i s  co n se rv a tiv e  as can be 

seen in  th e  schedules Appendix A where each item  i s  d iscussed  sep a r­

a te ly .  C a lcu la tio n s  show th a t  w ith  a c a p i ta l  expend itu re  of $2,382,670 

(see page 75) a y ea rly  revenue of $2,466,716 i s  produced (see  Table 

5 -7 , page 83). The y e a rly  o p e ra tin g  and m aintenance expenses a re  

$472,500 (see energy and m ain tenance, page 75 and manpower requ irem ents 

ta b le  5-2 page 76). This leav es  an annual n e t income of $1,994,216 

befo re  d e p re c ia tio n , tax es  and debt s e rv ic e s .
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TABLE 5-7 

SUMMARY OF YEARLY

By-Products

CH4

Wool

Lambs

Algae P ro te in  

P o u ltry  and Stock Feed 

Paper Sales 

G lass

Ferrous M etals 

Non-Ferrous M etals 

SUBTOTAL

Drop Charges a t  $4.00 per ton

1 0 0  to n  m uncipal w aste

1 0  to n  s w i l l

10 Tree p ru n ers

1 0  ton  wheat w aste

10 ton BUILDERS WASTE
and S p ec ia l C o llec to rs

TOTAL 140 tons per day @ $4.00

INCOME

Y early

$306,600

167,234

175,200

230,862

926,370

273,250

43.000 

43,800

96.000

$2,262,316

$ 146,000

58.400

$ 204,400 $2,466,716
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C hapter VI 

CONCLUSIONS AND RECOMMENDATIONS

A. ( Jon e ra l

The proposed system p re se n ts  s o lu tio n s  to  s o l id  w aste management 

problems which may be inplem ented w ith  e x is t in g  technology. F u rth e r­

more the  proposed system i s  econom ically u sa b le , env ironm enta lly  

d e s ira b le  and s o c ia l ly  accep tab le .

B. The System i s  Econom ically V iable

The o u tp u t o f rec laim ed  and b io -ch em ica l p ro cessed  m a te r ia ls  f a r  exceeds 

the  c o s ts  o f p ro cess in g  th e  re fu s e .
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c. The System I s  S o c ia lly  A cceptable

■Reclamation Is  a p a r t  of th e  p re se n t s o c ia l  v a lu e  system .

Feeding "garbage" to  anim als has been s o c ia l ly  a ccep tab le  fo r  hundreds 

of y e a rs . The system  has th e  Image more ak in  to  in te n s iv e  farm ing 

than to a "garbage dump."

D. The System i s  Environm entally  D esirab le

There i s  no n eg a tiv e  environm ental im pact on the  a i r ,  land and w ater.

There a re  no environm ental shadows. The system  uses the same methods 

th a t occur in  n a tu r a l  p ro c e sse s . However, th e  r a te  of p ro d u c tio n  of 

w astes by man now f a r  exceeds the  r a te  by which n a tu ra l  e c o lo g ic a l 

chains can handle  them. This system  only speeds up th ese  n a tu ra l  p rocesses 

thereby keeping  pace w ith  the  p roduction  o f re fu s e .

E. Tlie System i s  Compatible w ith  O ther O perations

1. T ra n s fe r  S ta t io n s . The system  could  be "plugged in "  to  

t r a n s f e r  s t a t io n  o p e ra tio n s . The re fu se  could  be sep a ra te d  and c l a s s i ­

f ie d  a t  the  s t a t i o n  where th e  in o rg an ic s  a re  s o ld . The o rg an ic s  a re  

then piped (o r o th e rw ise  tra n sp o r te d )  to  a  s u i ta b le  s i t e  fo r  b io ­

chem ical co n v ersio n .

2. D e sirab le  L a n d f i l l .  The o rg an ic  f r a c t io n  o f m unicipal re fu se  

produces the con tam ination  o f  land  and w a te r . When th i s  f r a c t io n  i s

—85—



removed fo r  b lo -ch em lca l conversion  th e  in o rgan ic  f r a c t io n  can sa fe ly  

be used fo r  l a n d f i l l .
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n . Systems S ta b i l i ty

The system i s  s ta b le  w ith  vary ing  m arket p r ic e s  as  shown in  p o u ltry  

r a t io n  p r ic e  v a r ia t io n s .  In  o rd er to  m ain ta in  a p h y sica l s t a b i l i t y  o f th e  

system , th e  number o f sheep can  be v a rie d  thereby  a d ju s tin g  th e  amount of 

n itro g e n  to  th e  anaerob ic  r e a c to r .  Ground wood (b u ild e rs ’ w aste) may be s to re d  

and used when th e re  a re  in p u ts  w ith  a h igh  n itro g e n  c o n te n t.

H. A lte rn a tiv e  A ction

O ther systems a v a i la b le  a re :

1. Continue p re sen t which has a sh o r t economic, env iron­

ment

2. Shred, compress and l a n d f i l l ;  th i s  in c re a se s  the  c o s ts .

However i t  in c re a se s  th e  l i f e  span of e x is t in g  l a n d f i l l  s i t e s  

w ith  in c re a s in g  p o l lu t io n  to  th e  lan d .

3. In c in e ra tio n ; t h i s  i s  u n lik e ly  due to  c o s ts  and a i r  p o llu t io n  

problem s.

4. P y ro ly s is  and com posting; t h i s  i s  a more p lans b le  a l te r n a t iv e  

s in ce  th e re  i s  m a te r ia l  recovery  and a t  th e  same tim e i t  p ro­

duces a minimum of p o l lu t io n .
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APPENDIX A

Schedule 1 

THREE YEAR MARKET SURVEY

Schedule Number D esc rip tio n Source 1972 19 73 19 74 Average Assumed

2 Methane Gas S ta te  Dept. 
Fuel & Energy

Allow $2.00 p e r 28.32 cub ic  m eters 
( 1 , 0 0 0  cubic f e e t)

$ 2 . 0 0

3 Wool A g ric u ltu re  Dept. .94 2.27 1.80 1.67 1.67

4 Lamb A g ric u ltu re  Dept. 5.90 7.50 8.40 7.30 7.30

5 Algae P ro te in Wesfeeds P ty . L td . 140.00 2 1 0 . 0 0 230.00 194.00 230.00

6 P o u ltry  Feed Wesfeeds P ty . L td . 46.00 70.00 90.00 69.00 90.00

7 Paper Japanese Market 
A ust. Paper Manf. 
American Market

60.00
11.80
2 0 . 0 0

1 2 0 . 0 0

11.80
55.00

142.00 
13.90 
60.70

107.00
12.50
48.30

57.00

8

9

G lass G u lle t 

S te e l  Cans-

A ust. G lass Co. 6.41 6.41 1 0 . 0 0 7.60 1 2 . 0 0

1 0

Ferrous
M etals

N onferrous
M etals-

M ilne M etals 15.00 1 2 . 0 0 25.00 17.50 1 2 . 0 0

Average
Copper
Brass
Aluminum

M ilne M etals 
Milne M etals 
M ilne M etals 
Milne M etals

483.00
896.00
500.00
268.00

430.00
784.00
490.00
224.00

511.00 
1008.00

500.00
268.00

474.00
896.00 
49 7.00
254.00

254.00



Schedule 2 

Methane Gas (CH4)

General (Source; Department of Fuel and Energy)

The M in is te r  f o r  Fuel and Energy, Mr. M ensaros, warned on the 

14th of November, 1974, in  th e  lo c a l  p re ss  th a t  a n a t io n a l  gas shortage 

could be c r i t i c a l .  The th r e a t  I s  im portan t because o f th e  grave doubts 

about when the  North West s h e l f  gas re se rv es  w i l l  be b rough t in to  pro­

duction . I f  su p p lie s  were u n lim ited  the  n a tu ra l  gas consumption by 

P erth  and su rround ing  a re as  could  alm ost double o v e rn ig h t. According 

to  the Department o f Fuel and Energy the dom estic consumption o f n a tu ra l  gas
3

p er day equals 15,000,000 f t  . A w aste re c y c lin g  p la n t  capable of
3

processing  140 tons w i l l  produce approxim ately 420,000 f t  CĤ  per 

day and s e v e ra l  p la n ts  p ro c e ss in g  90% of the  m e tro p o litan  p o p u la tio n 's
3

w aste would thus produce approxim ately  15 tim es as much (6 ,300,000 f t  ) or 

n e a rly  43% o f dom estic consum ption. C onsequently , i f  p la n ts  such as proposed 

here  were commissioned they could go a long way to  ex tend ing  the 

l i f e  of the  Dongara n a tu r a l  g as. Severe l im i ts  on th e  amount of gas 

a v a ila b le  from the  Dongara f i e l d  — the only n a tu r a l  gas source  a t  

p re sen t in  p ro d u c tio n  in  W estern A u s tra lia  — have a lread y  caused 

r e s t r i c t io n s  in  the  s a le s  o f  th e  gas in  Perth  and the sou thw est. The 

S ta te  E le c t r ic i ty  Commission i s  now c u ttin g  back i t s  consumption of 

n a tu ra l  gas so th a t  i t  w i l l  have more a v a ila b le  fo r  th e  c r i t i c a l  years 

1977-1980. Mr. Mensaros s a id  th a t  in  th is  way i t  was hoped th a t  

su p p lie s  f o r  dom estic consumption could be m ain ta ined  u n t i l  1980.
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However, i t  appears h igh ly  u n lik e ly  th a t  gas from the  North West s h e lf  can 

be d e liv e re d  to  P e rth  b e fo re  1981.

Q uantity

Through th e  p rocess o f an aero b ic  d ig e s t io n , the  o rgan ic  f r a c t io n  of
O O C

m unicipal r e fu s e  produces 420,000 f t  o f m ethane. This compares fav o rab ly

w ith  t e s t s  conducted over th e  p a s t  s e v e ra l  y ea rs  by th e  U.S.D.A. in  P e o r ia , 

37I l l i n o i s ,  w ith  a loading  o f 7 .5  p e rc en t s o l id s  and a d e te n tio n  tim e of 

te n  days. A mass red u c tio n  of 65% was recorded* Gas p roduction  was 8 .75  

f t  per pound of v o la t i l e  s o l id s .  T h e re fo re , 99,843 pounds a t  92% v o l a t i l e
3

s o l id s  would produce 803,740 f t  o f g as. This was recorded  as 52% CH4 

o r 417,944 f t ^  o f CH4.

Income

T h ere fo re , th e  income d eriv ed  from th e  s a le s  of CH4 would equal:

T o ta l Income % In c re a se

Year 1 C o n stru c tio n  Phase —

Year 2 $302,667

Year 3 $348,067 15

Year 4 $400,277 15

F u tu re  M arkets

The allow ance fo r  th e  in c re a se  in  th e  p r ic e  o f n a tu ra l  gas in  fu tu re  

y ears  i s  k ep t to  approxim ately  15% ( in f l a t io n  a llow ance).
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Schedule 3 
WOOL

General (Source: Department of Agriculture - Western Australia)

Recent tests In Australia and the United States have proven that the 
quantity and the quality of wool production Is vastly Improved under con­
trolled conditions. Therefore, an Intensive scheme such as Is proposed 
here will produce a wool with a ready market at premium prices.

From government agricultural statistics, the annual average production 
of wool from sheep Is 4.5 kilos, and from lambs 1.36 kilos.
Cost (refer to Schedule 1)

Even though the fleece quality Is expected to be of a first class 
quality, the prices quoted on the three year survey were based on average 
quality grade merino fleece. The price used will be $1.67 per kilo of 
wool, being the average wool price for this average quality grade over the 
last three years. (It would be expected that high quality wool would 
demand a price above the average and that production from controlled 
conditions would exceed the average.)
Income

Based on the average price from the three year survey. Income from:
a) 15,000 sheep x 4.5 x 1.67 = $ 112,725
b) 24,000 lambs x 1.36 x 1.67 = 54,509

$ 167,234 per annum
Therefore the Income anticipated from the sale of wool would equal:
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Total Income % Increase

Year 1 C onstnuction  Phase

Year 2 $150,000 29

Year 3 $192,349 15

Future Market

Cheap s y n th e tic  f ib r e s  a re  la rg e ly  re sp o n s ib le  fo r  reducing  th e  

demand and th u s  the  p r ic e  fo r  wool. Even though the  demand fo r  wool i s  

p re se n tly  low, i t  i s  a n tic ip a te d  th a t  i t  w i l l  r a l l y  due to  in c re a se s  in  

the p r ic e s  o f s y n th e t ic s .  S y n th e tic  y a rn s  a re  derived  from p e tro  chemi­

c a ls .  Thus th e  average annual in c re a se  i s  a n tic ip a te d  to  be approxim ately  

f i f t e e n  p e rc en t.
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Schedule 4 
LAMB

General (Source: Department of Agriculture - Western Australia)

It Is well established that the lambing rate plus the carcass quality
i s vastly Improved under the controlled conditions of an Intensive scheme

28such as Is proposed here. The sucker lamb will be weaned at 12 to 14
weeks of age and sold directly to a wholesaler. Calculations will be

29based on a lambing rate of 1.60. Several large wholesale dealers.
Including Patton Export Pty. Ltd. and Tip Top Meats Pty. Ltd., have 
tentatively committed themselves to the purchasing of the entire production 
of lambs.
Cost (Refer to Schedule 1)

The wholesale price for sucker lamb has fluctuated tremendously 
over the last five years, so for the basis of this study the price will 
be averaged over the past three years. Thus, It Is reasonable to antici­
pate a price of at least $7.30 per lamb.
Income

Lambs per annum =» 24,000 at $7,30 = $175,000
Therefore, the Income anticipated from the sales of lambs would equal:

Total Income % Increase
Year 1 Construction Phase ——
Year 2 $ 122,640
Year 3 $ 175,200 30
Year 4 $ 192,720 10
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Future Market

The percentage Increase per annum has been kept to a nominal ten 
percent. The large percentage increase between year two and year three 
is caused by below capacity production in year two.
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Schedule 5

ALGAE PROTEIN CONCENTRATE

General (Source: Literature Research)

The U n iv e rs ity  o f C a lifo rn ia  has c u l t iv a te d  a lg ae  p ro te in  grown on

the su p ern a tan t from an anaerob ic  d lg e s to r  and su c c e ss fu lly  fed I t  to  
41anim als s in c e  1960. This p ro te in  c o n ce n tra te  I s  considered  the  equiva­

le n t  to  soya bean p ro te in . Some a lgae  a re  e q u iv a le n t to  f i s h  meal 

p ro te in . The lo c a l  m arket fo r  th is  p ro te in  c o n ce n tra te  I s  w e ll In  excess 

of a n tic ip a te d  p ro d u c tio n  and a t  p re se n t th e se  su p p lie s  a re  

Im ported. T h e re fo re , a lo c a l ly  produced p ro d u c t w ith  a  co n stan t p r ic e  

s t ru c tu re  and supply  would be re a d ily  absorbed by lo c a l  demand. The 

maximum a lg a e  p ro d u c tio n , based on th e  a v a i l a b i l i t y  o f n itro g e n . I s  3.056 

tons p e r day (dry  w e ig h t). Allowing fo r  b io lo g ic a l  e f f ic ie n c y  of 90%

In h a rv e s tin g , th e  p o s s ib le  p roduction  would eq u al approxim ately  2.75 

tons p e r day.

Cost (R efer to  Schedule 1)

The p r ic e s  s ta te d  In  Schedule 1 a re  fo r  soya bean p ro te in  m eal, b u t 

as the  ly s in e  le v e l  o f overseas samples of a lg a e  p ro te in  Is  co n sid e rab ly  

h ig h e r. I t  I s  a n t ic ip a te d  th a t  once f i n a l  an a ly se s  a re  c a r r ie d  ou t to  

prove t h i s ,  h ig h e r p r ic e s  could be expected .

The lo c a l  firm  of Wesfeeds P ty . L td . have te n ta t iv e ly  committed 

them selves to  pu rchasing  the  e n t i r e  p ro d u c tio n  a t  m arket p r ic e s .  Due
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to  the rap id  e sc a la tio n  of p r ic e s  over the l a s t  th ree  y e a rs , and i t s  

expected  h ig h er q u a l i t i e s ,  i t  was decided to  use the cu rren t market 

p r ic e  in s te a d  of the  th re e  y ea r average , i . e .  $230 p er ton.

Income

T herefo re , the  income a n tic ip a te d  from th e  s a le  o f a lgae p ro te in  

co n cen tra te  w i l l  equal:

T o ta l Income % Increase

Year 1 C onstruction  Phase —

Year 2 $ 115,446

Year 3 $ 230,896 50

Year 4 $ 277,075 20

F uture  Market

The supply o f p ro te in  co n cen tra tes  and f e r t i l i z e r s  f lu c tu a te s  

d ra m a tic a lly  from y ea r to  y e a r and th is  i s  expec ted  to  get more sev ere  

in  the  near fu tu re . Due to  these  f lu c tu a tio n s  and the genera l o v e ra l l  

sh o r ta g e , i t  is  a n t ic ip a te d  th a t  the  annual In c re a se  in  income fo r  

a lg ae  p roduction  would be approxim ately  20%.
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Schedule 6 

POULTRY FEED 

O eneral (Source: L aborato ry  T ests)

The only product o f some doubt i s  p o u ltry  fe e d . This i s  composed 

of sludge from th e  re a c to r  combined w ith  wheat d u s t and p u tre s c ib le s  from 

the  hydro p u lp e r . This product has no t y e t been approved by th e  D epart­

ment o f A g ric u ltu re  o f Western A u s tra lia  fo r  feed ing  p o u ltry . However,
38

t e s t s  conducted fo r  th e  United S ta te s  Department of A g ric u ltu re  have 

given fav o rab le  r e s u l t s  fo r d i g e s t i b i l i t y  and p ro te in  co n ten t of th e  s in g le  

c e l l  p ro te in  f r a c t io n  th a t  is  a by -p roduct from the  anaerob ic  d lg e s to r .  The 

s in g le  c e l l  p ro te in  (S .C .P .) to g e th e r w ith  o th e r carboydra tes  and p ro d u c ts ,

combines fav o rab ly  to  produce a s to ck  feed id e a l ly  s u i ta b le  fo r  p o u ltry
3

( la y e rs  and b r o i l e r s ) .  The feed would have a p ro te in  co n ten t o f 15.25%
36-37

w ith  a l l  the  e s s e n t ia l  amino a c id s  and n ecessary  ca rb o h y d ra tes .

Based on th e se  c a lc u la tio n s  th e  expected p roduction  w i l l  be 28.2 to n s  

(dry w eight) o f p a l le t iz e d  feed p er day. The lo c a l  firm  of Wesfeeds P ty . 

L td . has a lread y  te n ta t iv e ly  committed I t s e l f  to  purchase the  e n t i r e  

p roduction  a t  m arket p r ic e s .

Cost (R efer to  Schedule 1)

As can be seen from the th ree  year m arket survey In  Schedule 1,
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the average p r ic e  p e r ton equals  $69.00. But, as the  p r ic e s  a lso  r e f l e c t  

a co n stan t rap id  in c re a se  over th e  p a s t  th re e  y ears  and m arket expec ta ­

t io n s  a re  th a t  i t  w i l l  con tinue  to  do so , the  p r ic e  used fo r  the  b a s is  

of th i s  f e a s i b i l i t y  i s  $90.00 per to n , which i s  th e  c u rre n t m arket p r ic e .  

Income

T h ere fo re , th e  a n tic ip a te d  income from th e  s a le  of p o u ltry  feed  

would equal:

P o u ltry  Feed 

Year I

Year 2 

Year 3

T o ta l Income

$ 120,000  
(C o n stru c tio n  Phase)

$984,000

$985,500

% In c re a se

F u tu re  Market

Due to  the  a n tic ip a te d  c o n tin u a tio n  o f world food sh o rta g es , th e  

in c re a se  in  th e  p r ic e  o f s to ck  feeds could be expected to  exceed th e  i n f l a ­

t io n  r a t e ,  however, no in c re a se  i s  c a lc u la te d  h e re .
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Schedule 7 

WASTE PAPER

General (Source: Japanese Department of Commerce)

S hortages o f v i r g in  wood f ib e r  have produced a demand fo r  recycled  

paper th roughou t th e  w orld which has in c re ase d  drama t i c a l l y  in  th e  l a s t  

f iv e  y e a rs . In  th e  U.S.A. the  w ho lesa le  p r ic e  index f o r  w aste  paper 

more than  doubled in  1973. In  the  U nited S ta te s  in  mid 1974, p r ic e s  had 

reached $55.00 p e r to n , w hile  Japanese p r ic e s  had reached $120.00 per 

ton p lu s  a $22.00 im p o r te r 's  su b sid y . Based on th e se  c a lc u la t io n s ,  the  

a n tic ip a te d  p ro d u c tio n  of paper (dry w eight) th a t  would be s u i ta b le  fo r  

re c y c lin g  would be 35%, o r approxim ately  13 to n s .

Cost (R efer to  Schedule 1)

As can be seen  from Schedule 1 , th e  h ig h e s t p r ic e  th a t  can be 

expected from th e  lo c a l  m arket would be $13.80 per to n . As we a re  p ro­

ducing la rg e  enough q u a n t i t ie s  to  w arran t sh ipp ing  to  e x p o rt m arkets, 

the f e a s i b i l i t y  s tudy  w i l l  be based on a  p r ic e  of $57.20 p er to n . This 

i s  c u r re n tly  be ing  n e g o tia te d  w ith  Japanese m arkets.

Income

T here fo re , th e  a n t ic ip a te d  income from the  s a le s  o f paper would equal:

T o ta l Income % In c re a se

Year 1 $99,000 ----
C o n stru c tio n  Phase

Year 2 $200,000 1 5 %

Year 3 $231,168 15%
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Future Market

I t  i s  expected th a t  the  supply  o f v i rg in  wood f ib r e  w i l l  be w e ll 

behind demand in  th e  n ear fu tu re  and th e  demand fo r  recy c led  w aste paper 

should in c re a se  s t i l l  f u r th e r .
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Schedule 8 

GLASS

General

P ric e s  o f g la s s  c u l l e t  re fe r re d  to  in  th e  schedule allow  fo r  i t s  

t ra n s p o r t .  Even though the  aggregate  p r ic e  fo r  mixed c u l l i t  i s  $7.6 per 

ton , A u s tra lia n  G lass M anufacturers Company have te n ta t iv e ly  committed 

them selves to  purchasing  the  so rted  p ro d u c tio n  a t  th e  p re sen t r a t e  of $12. 

per ton . As no re v e rs a l  of market p r ic e s  i s  expec ted , th e  m arket p r ic e  

of $12.00 p e r ton  has been used in  th i s  f e a s i b i l i t y  s tu d y .

Cost

(R efer to  Schedule 1)

Income

T herefo re , th e  a n tic ip a te d  income d e riv ed  from th e  s a le s  o f g la ss  

c u l l i t  would eq u al:

T o ta l Income % In c rease

Year 1 C o n stru c tio n  Phase

Year 2 44,000 15

Year 3 53,000 15
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Future Market

The m a te ria ls  th a t a re  used in  the production  o f g la ss  a re  becoming 

more sc a rc e , and consequently the percentage of c u l le t  used in  the 

process i s  in c re a s in g . Thus, the demand w il l  in c re a se . Due to  env iron­

m ental c o n s id e ra tio n s , th e re  i s  expected to  be a re tu rn  to  reu sab le  

co n ta in e rs  made of g la s s ,  thus p lac in g  a heavy demand on the need fo r 

recy c lin g  c u l le t .
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Schedule 9

FERROUS METALS

General

Of tlie t o t a l  m unicipal so lid  waste 11.78% i s  fe rro u s  m e ta ls ; app rox i­

m ately 10 tons of th i s  i s  recovered . As the p r ic e  and demand fo r unprocessed 

s te e l  cans v a r ie s  g re a tly  from year to  y ear, i t  was decided to  use the  p r ic e  

of $12.00 per to n .

C a lc u la t io n s  show an a n t i c i p a t e d  p ro d u c t io n  o f  10.00 tons  pe r  day 

of f e r ro u s  m e ta l s .

Cost (Refer to  Schedule 1)

a . Ferrous M etals

This p r ic e  of scrap iro n  f lu c tu a te s  from year to  y e a r , sometimes

q u ite  d r a s t i c a l l y ,  so the p ric e  used w i l l  be based on $12.00.

Income

A lo c a l  f irm , M ilne M etals P ty . L td . ,  has te n ta t iv e ly  committed them­

selves to th e  pu rchasing  of th e  e n t i r e  p roduction  a t  m arket p r ic e s .

Ferrous M etals 

Year 1

Year 2 

Year 3

T o ta l Income

20,900 
C on stru c tio n  Phase

43,800

51,600

% In c rease

17

17
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Schedule 10

NON FFiRRGUS METALS

General

Of the  t o t a l  m unicipal w aste , 1.2 tons i s  n o n -fe rro u s  m e ta l. The 

m a jo rity  of th i s  c o n s is ts  p r im a rily  of copper, b ra s s ,  and aluminum. Of 

th ese  f r a c t io n s  aluminum makes up the  la rg e s t  p o r tio n . These m eta ls  a re  

re a d ily  sep a ra ted  from the  m unic ipal waste and from each o th e r by known 

technology. The t o t a l  p roduction  o f n o n -ferro u s m eta l recovered  = 1 .1  tons 

per day.

Cost (R efer to  Schedule 1)

The p r ic e  fo r n o n -ferro u s  m e ta ls  was based on th e  p r ic e  of aluminum a t  

$254 p e r ton .

Income

T h ere fo re , the  a n tic ip a te d  income from the  s a le s  o f n o n -fe rro u s  m eta ls  

would eq u a l:

T o ta l Income % In c re a se

Year 1 $ 49,000 C o n struction  Phase

Year 2 $101,904 12

Year 3 $123,000 12
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Future Market

Even though th e  p r ic e s  fo r  n o n -ferro u s  m e ta ls  f lu c tu a te  from year 

to  year due to  o v e r a l l  sh o rtag es  and in c re a se s  in  the  co st of p ro d u c tio n , 

the a n tic ip a te d  annual in c re a se  in  income from n o n -fe rro u s  m etals would 

equal approxim ately  12-20%.
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Schedule 11

DROP CHARGES -  MUNICIPAL WASTE, SWILL AND DUST

General

This p rocessing  system w i l l  accep t a l l  m unicipal w aste (from the 

lo c a l  government o r the  p u b lic )  and s w i l l .  A lso, c e r ta in  in d u s t r ia l  

w astes which a re  com patible w ith  th e  p rocess w i l l  be accep ted ; th a t  i s ,  

carbohydrates  and c e llu lo s e  m a te r ia ls  such as wheat d u s t , t r e e  prunings 

and b u i ld e r s ',  w aste.

Q uantity

The i n i t i a l  q u a n t i t ie s  to  be a n tic ip a te d , based on the  sh ine popu­

l a t i o n ,  w i l l  be 100 tons per day p lu s  10 tons p e r day o f s w i l l ,  10 

tons per day of wheat d u s t, and 20 tons per day of tre e  prunings and 

b u i ld e r s 'w a s te . I t  i s  a n tic ip a te d  th a t the a c tu a l volume of waste 

wi l l  increase  an nually , due to  the  re le v an t In c rease s  in  population  

and the percen tage  o f packaging due to  the co n tin u a tio n  of the  "throw 

away so c ie ty "  a t t i tu d e s .  Even so , th is  f e a s i b i l i t y  has allowed 

fo r  a co n stan t p r ic e  and only  an in f la t io n a ry  in c re a se  in  drop charges 

w i l l  be allow ed.

Cost

The drop charge fo r  the  s h i r e s  i s  to  be e s ta b lis h e d  so th a t  i t  i s  

com patib le  w ith  th e i r  p re se n t c o s t  s t ru c tu re  fo r  the  o p e ra tio n  o f th e i r  

l a n d f i l l  t ip s .  In  most c a se s , t h i s  re p re se n ts  approxim ately  $ 3.50 -  

$5.00 per ton , and in  t h i s  case  we have used $4.00 per to n . (This p r ic e
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i s  s t i l l  to  be f in a l iz e d  w ith  the  s h i r e s . )  This drop charge w i l l  a lso  

be used fo r  th e  g en era l p u b lic , the  s w il l  and th e  wheat d u s t.

Income

T herefo re , the  income derived  from fees  fo r  drop charges from the 

s h ire s  and o th e r  sou rces would equal:

T o tal Income % In crease

Year 1 $ 152,200

Year 2 $ 204,400 20

Year 3 $ 245,200 20

Future M arkets

Long-term c o n tra c ts  w i l l  be en tered  in to  w ith  th e  s h ire s  based on 

drop charges th a t  w i l l  be fix e d  to  in f l a t io n .
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APPENDIX B

TERMS AS DEFINED BY THE AMERICAN PUBLIC WORKS ASSOCIATION

1. Waste

The word w aste r e f e r s  to  th e  u s e le s s ,  unwanted, o r  d isca rd ed  

m a te r ia ls  r e s u l t in g  from normal community a c t i v i t i e s .  W astes in c lu d e  

s o l id s ,  l iq u id s ,  and g ases . A tm ospheric w astes c o n s is t  o f p a r t i c u la te  

m a tte r such as  d u s t and smoke, fumes, and gases . L iquid  w astes  c o n s is t  

m ainly o f sewage and in d u s t r ia l  w astew aters , in c lu d in g  b o th  d is so lv e d  

and suspended m a tte r . S o lid  w astes a re  c la ssed  as r e fu s e .  The p h y s ic a l 

s t a t e  o f w astes may change in  t h e i r  conveyance o r tre a tm e n t. Dewatered 

sludge from w astew ater trea tm en t p la n ts  may become s o l id  w aste s ; 

garbage may be ground and d isch arg ed  in to  sewers becoming w ater-bo rne  

w astes ; and f ly  ash  may be removed from s ta c k  d isch a rg es  and d isposed  

o f as  s o l id  o r as  w ater-borne  w a s te s . . .



s o l id s ,  l iq u id s ,  and gases. Atm ospheric w astes  c o n s is t  of p a r t i c u la te  

m atte r such as d u s t and smoke, fumes, and g a se s . L iqu id  w astes c o n s is t  

mainly of sewage and in d u s t r ia l  w a s tew a te rs , in c lu d in g  b o th  d isso lv ed  

and suspended m a tte r . S o lid  w astes a re  c la s s e d  as re fu se . The p h y s ic a l 

s ta t e  o f w astes may change in  th e i r  conveyance o r tre a tm e n t. Dewatered 

sludge from w astew ater trea tm en t p la n ts  may become s o l id  w aste s ; garbage 

may be ground and d ischarged  in to  sew ers becoming w ater-bo rne  w aste s ; 

and f ly  ash may be removed from s ta c k  d isch a rg e s  and d isposed  o f as 

s o l id  o r as w a ter-b o rn e  w astes .

2. Refuse

Refuse com prises a l l  of the s o l id  w astes  o f the  community. I t  

a lso  in c lu d es  se m i- liq u id  o r wet w astes  w ith  in s u f f ic ie n t  m o istu re  and 

o th e r l iq u id  co n ten ts  to  be fre e -f lo w in g .

The component m a te r ia ls  o f re fu se  can be c la s s i f i e d  in  s e v e ra l  

d if f e r e n t  ways. In  connection w ith  some problem s, i t s  p o in t o f o r ig in  

is  im p o rtan t. From th is  s ta n d p o in t, i t  can be considered  made up of 

dom estic, i n s t i t u t i o n a l ,  com m ercial, i n d u s t r i a l ,  a g r i c u l tu r a l ,  o r 

s t r e e t  re fu s e . In o th e r c a se s , the  p o in t o f  o r ig in  i s  n o t as im portan t 

as the n a tu re  o f  the m a te r ia l i t s e l f ,  and c l a s s i f i c a t io n  may be made 

on the b a s is  o f  o rgan ic  o r in o rg a n ic  c h a r a c te r ,  p u t r e s c ib i l i ty  o r  non­

put r e s c i b i l i t y ,  c o m b u s tib ility  o r  n o n c o m b u s tib ility . One of the  most 

u sefu l c l a s s i f i c a i io n s  i s  based  on th e  c h a ra c te r  o f th e  m a te r ia ls  and 

th is  in c lu d es  garbage, ru b b ish , a sh e s , bu lky  w a s te s , s t r e e t  r e fu s e , 

dead an im als , abandoned v e h ic le s ,  c o n s tru c tio n  and dem olition  w a s te s .
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in d u s t r ia l  r e fu s e , a g r ic u l tu r a l  w astes and s p e c ia l  w astes . Table 1-1 

re p re se n ts  such a grouping o f re fu se  m a te r ia l s ,  d esc rib es  each ca teg o ry , 

and In d ic a te s  in  a genera l way i t s  o r ig in .

Most o f the  d u tie s  o f th e  re fu se  c o l le c t io n  agency c o n s is t  of 

the  c o l le c t io n  o f garbage, ru b b ish , and ashes e i th e r  s e p a ra te ly  o r  

to g e th e r . When combined c o l le c t io n  o f garbage and rubb ish  Is  p ra c t ic e d ,  

th e  term  " re fu s e "  should be used w hether o r n o t ashes and y ard  w astes 

a re  In c lu d ed . Because o f th e  I l l - d e f in e d  n a tu re  of the  term  " t r a s h ,"  

i t  i s  recommended th a t the  term  "ru b b ish "  be used In s te a d  In  cases 

where th e  s to ra g e  and c o lle c t io n  o f garbage I s  sep a ra te d .

Bulky w astes  may re q u ire  c o l le c t io n  from r e s id e n t i a l  and commer­

c ia l  a re a s  o r from p u b lic  p ro p e rty  and v acan t l o t s .  They a re  given 

s e p a ra te  c l a s s i f i c a t io n  because o f te n  s p e c ia l  c o lle c t io n  v e h ic le s  and 

t r i p s  a re  re q u ire d  fo r t h e i r  c o l le c t io n .

S tr e e t  re fu se  Is  g e n e ra lly  c o lle c te d  as a p a r t  o f the  s t r e e t  

m aintenance and c lean ing  fu n c tio n s . While removal and d isp o sa l o f dead 

anim als may be inc luded  In  th e  d u tie s  o f the  re fu se  c o lle c t io n  agency, 

i t  i s  g e n e ra lly  managed as a s p e c ia l  problem  ra th e r  than  as a  ro u tin e  

a c t i v i t y .  R e sp o n s ib ility  fo r  removal o f  abandoned v e h ic le s  may r e s t  

w ith  th e  s t r e e t  c lean in g  agency o r th e  p o lic e  departm ent. C o n stru c tio n  

and dem o litio n  w astes may be the  r e s p o n s ib i l i ty  of the  c o n tra c to r ,  

p r iv a te  c o l l e c to r ,  or the  re fu se  c o l le c t io n  agency, b u t requ irem ents 

fo r  t h e i r  d isp o sa l should be e s ta b l is h e d  by th e  m u n ic ip a lity  o r  o th e r  

a d m in is tra t iv e  agency.
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O rd in a r ily , in d u s t r ia l  s o l id  w astes a re  th e  r e s p o n s ib il i ty  of 

the in d u s try , b u t th e re  i s  a tren d  tow ards c i ty  c o lle c t io n  of some 

types of " tra d e "  re fu s e . Wihh expanding m e tro p o litan  a re a s , a g r ic u l tu r a l  

a c t i v i t i e s  a re  o f te n  engu lfed  by r e s id e n t i a l  o r  commercial development. 

Where d isp o sa l o f  manures o r  crop re s id u e s  can no longer be done on 

the farm w ith o u t p u b lic  h e a lth  o r  nu isan ce  h a z a rd s , th ese  w astes re q u ire  

c o n s id e ra tio n  in  the  o v e ra ll  re fu se  c o l le c t io n  and d isp o sa l p lan . There 

i s  a tren d  tow ards more c u l l in g ,  c le a n in g , and even packing of f r u i t s  

and v eg e tab les  in  th e  f i e l d s ,  leav in g  w astes  which may p u tre fy  causing  

f ly  and odor problem s, u n less  they a re  s u i ta b ly  removed o r t r e a te d .

3. Garbage

Garbage i s  the  anim al and v eg e tab le  w aste  r e s u l t in g  from the  

h an d lin g , p re p a ra t io n , cooking, and se rv in g  of foods. I t  i s  composed 

la rg e ly  o f p u tr e s c ib le  o rgan ic  m a tte r , and i t s  n a tu r a l  m oisture  c o n ten t. 

The term  garbage does n o t inc lude  fo o d -p ro cessin g  w astes from c a n n e rie s , 

s la u g h te rh o u se s , packing  p la n ts ,  o r s im i la r  in d u s t r ie s ;  la rg e  q u a n t i t ie s  

of condemned food p ro d u c ts ; o r o y s te r  o r  clam s h e l l s .  Garbage o r ig in a te s  

p rim a rily  in  home k itc h e n s , s to r e s ,  m a rk e ts , r e s ta u r a n ts ,  h o te l s ,  and 

o th e r p la ce s  where food i s  s to re d , p re p a red , o r  se rv ed .

Garbage decomposes ra p id ly , p a r t i c u la r ly  in  warm w eather, and may 

soon produce d is a g re e a b le  odors. When c a r e le s s ly  s to re d , i t  i s  a 

source o f food f o r  r a t s  and o th e r  vermin and se rv e s  as a b reed ing  p lace  

fo r  f l i e s .
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4. S w ill

The term s " s w i l l ,"  " s lo p s ,"  and " o f f a l ,"  which a re  freq u e n tly  

found in  c i ty  o rd inances to  de fin e  garbage, a re  no t p ro p erly  synonymous 

w ith garbage. "S w ill"  and "slo p s"  connote s e m i- liq u id  w aste m a te r ia l 

c o n s is tin g  of garbage and f re e  l iq u id s ,  c o lle c te d  from r e s ta u r a n ts ,  

h o te ls ,  and i n s t i t u t i o n s .  The word " o f fa l"  has had so many d i f f e r e n t  

meanings th a t  i t s  use i s  avoided except to  r e f e r  to  in te s t in e s  and d is ­

carded p a r ts  from the s la u g h te r  o f  an im als.

5. Market Refuse

Market re fu se  comes from w holesale  and r e t a i l  s to re s  and m arkets 

as a r e s u l t  o f the  h a n d lin g , s to ra g e , and s e l l in g  o f foods. I t  o r ig in a te s  

p r in c ip a lly  in  p o u l try ,  f i s h ,  m eat, v e g e ta b le , and f r u i t  m ark e ts , and 

inc lu d es  la rg e  q u a n t i t ie s  o f p u tre s c ib le  garbage along w ith  some rubb ish  

such as wooden c ra te s  and cardboard boxes. I t  a lso  in c lu d es  some con­

demned foods b u t not la rg e  q u a n t i t ie s  of sp o ile d  m a te r ia l .

6 . Rubbish

Rubbish c o n s is ts  o f a v a r ie ty  o f b o th  com bustib le and noncom­

b u s tib le  s o l id  w aste m a te r ia ls  from househo lds, s to r e s ,  and i n s t i t u t i o n s .  

This w aste i s  de fin ed  more s p e c i f ic a l ly  as "com bustib le  ru b b ish "  and 

"noncom bustible ru b b ish ,"  b u t whenever th e  term  "rubb ish" i s  used alone 

i t  means a com bination c f  com bustible and noncom bustible ru b b ish . When 

o th e r m a te r ia ls  such as garbage o r ashes a re  c o lle c te d  w ith  ru b b ish , th e  

m ixture should  then be d esig n a ted  as "confined" re fu se .
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Combustible Rubbish. Combustible rubb ish  c o n s is ts  of m iscellaneous 

burnable m a te r ia ls .  In g e n e ra l, I t  I s  the  o rg an ic  component o f rubb ish  

such as p ap e r, ra g s , c a r to n s , boxes, wood, e x c e ls io r ,  bedding, ru b b e r, 

le a th e r ,  g ra s s ,  le a v e s , yard trim m ings, p lu s  com bustible in o rg an ic  

m a te r ia ls  such as p la s t i c s .  Combustible ru b b ish , p rim arily  o rg a n ic , i s  

g en era lly  no t h ig h ly  p u tre s c ib le  and th e re fo re  may be p ro p erly  s to re d  

fo r  r e la t iv e ly  long periods w ithou t be ing  a n u isan ce . I t  has a h igh  

h ea t value and when dry , bum s f r e e ly  w ith o u t fo rced  d ra f t  o r a u x i l ia ry  

fu e l .  While garbage is  a lso  la rg e ly  o rg an ic  and com bustib le . I t  I s  

g en e ra lly  c l a s s i f i e d  s e p a ra te ly  from com bustib le  rubb ish  because o f i t s  

p u t r e s c ib i l l ty  and high m oisture c o n ten t.

Yard ru b b ish  c o n s is ts  o f p rim in g s, g ra ss  c l ip p in g s , weeds, le a v e s , 

and g en era l yard  and garden w aste s . When c o l le c te d ,  I t  o ften  co n ta in s  

some e a r th  c lin g in g  to  the  ro o ts  o f g ra s s ,  w eeds, and d iscarded  p la n ts .  

Much o f th e  y a rd  rubbish  i s  green v e g e ta tio n  w hich, when kep t m oist o r  

s to re d  in  la rg e  m asses, decomposes r a th e r  r a p id ly .  While no t o rd in a r i ly  

o b je c t io n a b le , th ese  m a te ria ls  may se rv e  as a b reed in g  p lace  fo r  In s e c ts .  

This green m a te r ia l  can be burned In  an I n c in e r a to r ,  b u t norm ally w i l l  

not s u s ta in  a f i r e  alone. D ried v e g e ta t io n , dead le a v e s , and p la n ts  do 

not cause any s a n i ta ry  o r nu isance  h azard  and w i l l  bum  re a d ily  In  an 

open f i r e .

Yard ru b b ish  i s  r e a l ly  a p a r t  o f com bustib le ru b b ish , r a th e r  than 

a main c la s s  by i t s e l f .  However, c i t i e s  f re q u e n tly  make d i f f e r e n t  

arrangem ents f o r  I t s  c o l le c t io n ,  o r even exclude I t  e n t i r e ly  from t h e i r
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c o lle c t io n  s e rv ic e . Yard rubbish  may be c o lle c te d  w ith  o th e r  ru b b ish , 

but c i t i e s  o fte n  sp e c ify  d i f f e r e n t  ty p es  o f  co n ta in e rs  o r  bundles o f 

c e r ta in  maximum s iz e  fo r  i t s  s to ra g e  on the  p rem ises.

Noncombustible Rubbish. Noncombustible rubb ish  c o n s is ts  o f  m iscel­

laneous re fu se  m a te r ia ls  th a t  a re  unbum able  a t  o rd in ary  in c in e r a to r  

o p e ra tin g  tem peratu res (1300° F to  2000° F ). For the most p a r t ,  i t  is  

the in o rg an ic  component of ru b b ish , such as t i n  cans, m e ta ls , d i r t ,  

ceram ics, g la s s ,  and the l ik e .  A lthough noncom bustible ru b b ish  i s  

very s ta b le ,  i t  i s  e s th e t ic a l ly  o b je c tio n a b le  and may h a rb o r ro d en ts  

and o th e r  vermin i f  i t  i s  c a re le s s ly  s to re d .

Tin cans and b o t t le s  th a t  once con tained  food may have a re s id u e  

of p u tre s c ib le  m a te r ia l  c lin g in g  to  them when d isca rd ed . Under o rd indary  

c o n d itio n s , th i s  o rgan ic  m a tte r d e s ic c a te s  ra th e r  than p u t r e f ie s .  In  a 

warm, m oist atm osphere, however, th e  remnants of food in  noncom bustible 

c o n ta in e rs  may se rv e  as b reed ing  p la c e s  fo r  f l i e s  and o th e r  in s e c ts  and 

may n e c e s s i ta te  more frequen t c o l le c t io n  than norm ally re q u ire d  fo r  

noncom bustible ru b b ish .

7. Ashes

Ashes a re  th e  residue  from th e  bu rn ing  of wood, c o a l ,  coke, and 

o th e r  com bustible m a te ria l in  homes, s to r e s ,  i n s t i t u t i o n s ,  and sm all 

in d u s t r ia l  e stab lish m en ts  fo r  the  purposes of h e a tin g , cooking , and 

d isp o sin g  of w aste  com bustible m a te r ia l .  C inders th a t  a re  produced in  

la rg e  q u a n t i t ie s  a t  s team -gathering  p la n ts  are  no t in c lu d ed  w ith in  the 

meaning o f the term .
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Ashes a re  u su a lly  composed o f a m ixture  o f f in e  powdery re s id u e , 

c in d e rs , c l in k e r s ,  and sm all p o r tio n s  o f unbumed o r p a r t i a l l y  burned  

fu e l o r o th e r  m a te r ia l .  Some m e ta l, g la s s ,  and com bustible m a te r ia ls  

are  u su a lly  found In  ashes when they  a re  p re sen te d  fo r  c o l le c t io n .

Since th e  m ix ture  i s  m ostly in o rg a n ic , i t  i s  v a lu ab le  fo r  making f i l l s  

on low la n d , o r as cover m a te r ia l  in  s a n i ta r y  l a n d f i l l s .  Except f o r  

the du st th a t  they may c r e a te ,  ashes a re  n o t o b je c tio n a b le  from a 

nu isance  o r  e s th e t i c  s ta n d p o in t.

The re s id u e  from c e n tr a l  o r  m un ic ipa l in c in e ra to r s  shou ld  be 

c l a s s i f i e d  under in d u s t r ia l  re fu s e ,  r a th e r  than under a sh es . I n c in e ra to r  

re s id u e  may be q u ite  s u b s ta n t ia l  in  amount and g en e ra lly  co n ta in s  most 

o f the  item s l i s t e d  under noncom bustible rubb ish  (see  Table 1 - i  ) .

8 . Bulky Wastes

Bulky w astes  a re  la rg e  item s o f re fu se  such as a p p lia n c e s , f u r n i ­

t u r e ,  la rg e  au to  p a r t s ,  t r e e s  and b ra n c h es , palm fro n d s , stum ps, f lo ta g e ,  

e t c .  These may be g en era ted  in  r e s id e n t i a l  o r  commercial a r e a s ,  on 

p u b lic  p ro p e r ty  such as p a rk s , s t r e e t s ,  a l l e y s ,  and b each es, o r they  

may be abandoned on v acan t l o t s .  Some bulky w astes may re q u ire  s p e c ia l  

c o l le c t io n  arrangem ents and v e h ic le s .

9 . S t r e e t  Refuse

S tr e e t  re fu se  i s  m a te r ia l  p ick ed  up by manual and m echanical 

sw eepers, l i t t e r  from p u b lic  l i t t e r  re c e p ta c le s ,  and d i r t  removed from 

catch  b a s in s .  I t  in c lu d e s  d i r t ,  le a v e s , p ap er, and th e  l i k e .  Some 

c i t i e s  a ss ig n  the  ta sk  o f  c o l le c t io n  o f  s t r e e t  re fu se  to  th e  re g u la r  

re fu se  c o l le c t io n  agency, w h ile  o th e rs  a ss ig n  i t  to  the  s t r e e t  departm ent.
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10. Dead Animals

A h  a c la s s  of urban r e f u s e , dead anim als a re  th ose  th a t  d ie  

n a tu ra l ly  o r from d isease  o r  a re  a c c id e n ta l ly  k i l l e d .  Condemned 

anim als o r  p a r ts  o f anim als from s lau g h terh o u ses  o r s im i la r  p la ce s  a re  

no t in c luded  in  th is  term , b u t a re  regarded  as i n d u s t r i a l  re fu s e .

Dead anim als may be c l a s s i f i e d  according  to  s iz e .  The la rg e  

anim als a re  h o rse s , cows, g o a ts ,  sh eep , hogs, and th e  l i k e .  These have 

value because of the g rease  and tankage th a t  can be produced from them 

in  ren d erin g  p la n ts .  T h e ir h id e s  a ls o  have some v a lu e . C o lle c tio n  of 

la rg e  anim als i s  u su a lly  a s e p a ra te  o p e ra tio n  and may re q u ire  s p e c ia l  

equipm ent. Small anim als in c lu d e  dogs, c a t s ,  r a b b i t s ,  r a t s ,  ch ickens, 

e tc .  These can be e f f e c t iv e ly  hand led  in  the  ro u tin e  c o l le c t io n  s e rv ic e .

Dead anim als are p a r t i c u l a r ly  o ffe n s iv e  from b o th  s a n i ta ry  and 

e s t h e t i c  v iew points and u su a lly  must be c o lle c te d  prom ptly — o fte n  on 

an emergency c a l l  b a s is .  They p u tre fy  ra p id ly , p a r t i c u la r ly  in  warm, 

m oist atm ospheres, and have a  s tro n g  a t t r a c t io n  fo r  f l i e s  and o th e r  

verm in. Animal t r a f f i c  v ic tim s  a re  sometimes crushed by many v e h ic le s  

p a ss in g  over them and th e re fo re  must be p icked  up prom ptly .

11. Abandoned V ehicles

This c la s s  o f re fu se  in c lu d e s  passenger au to m o b iles , t ru c k s , and 

t r a i l e r s  th a t  a re  no lo n g e r u s e fu l  as such and have been l e f t  on c i ty  

s t r e e t s  and in  o th e r  p u b lic  p la c e s .  U sually  they a re  found s tr ip p e d  

of t i r e s ,  w heels , l i g h t s ,  and o th e r  e a s i ly  salvaged  p a r t s .
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12. C onstruction  and Dem olition Wastes

C o n struction  and dem olition  w astes  a re  th e  w aste b u ild in g  m a te ria ls  

and rubb le  r e s u l t in g  from c o n s tru c tio n , rem odeling, r e p a i r ,  and demoli­

tio n  o p e ra tio n s  on houses, commercial b u ild in g s , pavem ents, and o th e r 

s t r u c tu r e s .  They comprise a g re a t v a r ie ty  of r e je c te d  m a tte r ,  such as 

excavated  e a r th ,  s to n e s , c o n c re te , b r ic k s ,  p l a s t e r ,  ro o f in g , sh ea th in g , 

lumber. I n s u la t io n ,  and w astes from I n s t a l l a t i o n  o r  dem olition  of 

plumbing, h e a tin g  and e l e c t r i c a l  system s.

Small amounts o f th is  re fu se  m a te r ia l  may be accep ted  as normal 

waste from households and s to r e s ,  b u t the  la r g e r ,  b u lk ie r  amounts re q u ire  

s p e c ia l  c o lle c t io n  e i th e r  by p r iv a te  In d u s try  o r  by th e  m u n ic ip a lity .

13. I n d u s t r ia l  Refuse

I n d u s t r ia l  re fu se  c o n s is ts  o f th e  s o l id  w aste m a te r ia ls  from 

f a c to r i e s ,  p ro cessin g  p la n ts ,  and o th e r  m anufacturing e n te r p r i s e s .  I t  

Is  u su a lly  o f a s p e c ia l  c h a ra c te r ,  p e c u l ia r  to  a s p e c i f ic  in d u s try , and 

I t s  removal should  be the r e s p o n s ib i l i ty  of th a t  In d u s try . Refuse o f 

th is  c la s s  may Include  p u tre s c ib le  garbage from fo o d -p ro cessin g  p la n ts  

and s lau g h te rh o u se s ; condemned foods; c in d ers  and ashes from power 

p la n ts ,  c e n tr a l  In c in e ra to r s ,  and la rg e  f a c to r ie s ;  and m iscellaneous 

m anufacturing w aste s . Because p u tre s c ib le  in d u s t r ia l  re fu se  may cause 

se r io u s  nu isan ces  and even endanger p u b lic  h e a l th ,  I t s  s to ra g e ,  h a u lin g , 

and d is p o s i t io n  should  be s u b je c t  to  m unicipal c o n tro l.

I n d u s t r ia l  re fu se  should  n o t be confused w ith  commercial re fu se  

o r s o -c a l le d  " tra d e  w astes" which emanate from s to r e s ,  h o te l s ,  re s ta u r ­

a n ts ,  m ark e ts , and s im ila r  concerns o p era ted  fo r  p r o f i t .
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14. S p e c ia l  Wastes

S p ec ia l w astes a re  defin ed  as hazardous w astes by reason o f t h e i r  

p a th o lo g ic a l, e x p lo s iv e , r a d io a c t iv e ,  o r  to x ic  n a tu re . They re q u ire  

c a re fu l hand ling  and d isp o sa l to  ren d e r them Innocuous o r s a fe  from 

human and anim al c o n tac t fo r  an adequate decay p e rio d . While most of 

th ese  w astes w i l l  be d isposed  o f  by the  i n s t i t u t i o n  o r In d u s try  genera­

tin g  them, o th e rs  from r e s id e n t i a l  o r commercial a re a s  may be put ou t 

fo r  re g u la r  m unicipal c o l le c t io n .  These a re  m ainly s o l id  w astes  o r  

l iq u id s  In c o n ta in e rs , g e n e ra lly  ex p lo s iv e  o r h ig h ly  flammable In  n a tu re ,  

which should be c a re fu l ly  seg reg a ted  a t  th e  source o r a t  the  tim e o f 

p ickup . They p re se n t hazards to  c o l le c to r s  and may cause dangerous 

ex p lo sio n s  o r  f la s h  f i r e s  a t  I n c in e r a to r s ,  g rind ing  p la n t s ,  s a n i ta r y  

l a n d f i l l s ,  o r re fu se  dumps.

15. Animal and A g r ic u ltu ra l  Wastes

A g r ic u ltu ra l  w astes a re  p r in c ip a l ly  the  manures and crop re s id u e s  

from v a rio u s  a g r ic u l tu r a l  p u r s u i ts  in c lu d in g  d a iry in g  and the r a i s in g  

o f l iv e s to c k  and p o u ltry . Althougih a g r ic u l tu re  I s  norm ally  thought of 

as s e p a ra te d  from m u n ic ip a l i t ie s .  In  many areas th e  ra p id  growth o f 

c i t i e s  and suburbs has engu lfed  v a rio u s  types o f a g r ic u l tu r e .  In  some 

c a se s , r e s id e n t i a l ,  com m ercial, o r  I n d u s t r i a l  developm ents sp r in g  up 

on one o r more s id e s  o f a farm and th e  u su a l farm methods o f  s to ra g e  

and d isp o sa l o f w astes a re  Im p ra c tic a l o r  c re a te  nu isan ce  and h e a l th  

h aza rd s .

Animal w astes In c lu d e , In  a d d it io n  to  those mentioned above, 

w astes from s t a b l e s ,  k e n n e ls , p e t  p en s , p o u ltry  r a i s in g ,  v e te r in a ry
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e s ta b lish m e n ts , and the l ik e .  These w astes a re  o ften  p u b lic  h e a lth  and 

nuisance problem s. A g r ic u ltu ra l  w astes a re  la rg e ly  o rg an ic  and re a d ily  

decomposable so th a t  they must be d isposed  o f In  a s a n i ta ry  manner o r 

converted  to  sa fe  u se fu l p ro d u c ts . Although la rg e  q u a n t i t ie s  o f a g r i­

c u l tu ra l  w astes may no t be c o lle c te d  along w ith  m unicipal r e fu s e ,  t h e i r  

jo in t  trea tm en t o r d isp o sa l may be  most s a t i s f a c to r y  and econom ical.

16. Sewage Treatm ent Residues

These w astes c o n s is t  o f co arse  s c re e n in g s , g r i t ,  and dew atered 

o r a i r - d r ie d  sludge from sewage trea tm en t p la n ts ,  and pumplngs of cess­

pool o r  s e p t i c  tank s lu d g es . While the  l a t t e r  sludges a re  a c tu a lly  

l iq u id  w astes and may be d isposed  o f  by approval In  c e r ta in  sew ers o r 

a t  sewage trea tm en t p la n ts ,  t h i s  I s  o f te n  Im p ra c tic a l o r  u n accep tab le , 

re q u ir in g  an o th er method o f d is p o sa l.

17. Problem Wastes

Problem w astes Include  bu lky  w a s te s , dead an im als , abandoned 

v e h ic le s ,  c o n s tru c tio n  and dem olition  w a s te s . I n d u s t r ia l  r e fu s e ,  t r e e  

d e b r is ,  and e v ic t io n s  (d e b ris  o f no v a lu e ) . Some o f th e se  w astes  are  

g e n e ra lly  c o lle c te d  o r d isposed  o f by those  c re a tin g  them, p a r t ic u la r ly  

I n d u s t r ia l  re fu s e , and c o n s tru c tio n  and dem olition  w a ste s . However, 

many of th ese  w astes sim ply accum ulate In  unau th o rized  dumping a reas 

o r l i t t e r  our s t r e e t s ,  highw ays, and byways. They a re  ex trem ely  

u n s ig h tly  and may cause very  s e r io u s  h e a l th ,  f i r e ,  s a f e ty ,  o r  nu isance  

h aza rd s .
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APPENDIX C

COMPUTER PROGRAM FOR IN VITRO TESTS

Cl  FOCAL-II*PRELIM

1 . 1 0  A "DATE IS " A , R , C , I !
1 . 2 0  T "INVITRO RESULTS FOCAL R / 1 9 7 4 " , !
1 . 3 0  A !,"HOtf MANY BATCHES "D*f
1 . 5 0  F G-1«DID 2
1 . 6 0  A 11,"HIGH STD " U ." LOW STD "V
1. 6 5  F G - l /D J D  3
I . 7 0  F G"1,D%D 4
1 . 00 0
2 . 1 0  T I I,"BATCH *'>*2 GIA " AVERAGE BLANK "K(G)
2 . 1 5  S YCGÏ-0IS J - 0 I T  * I,"HIGH STDS BATCH "G»I
2 . 2 0  S J"J*1#A ! , A 1 , A 2 , A 3  
2 . 2 5  I (A 2)  1 . 1 , 2 . 6 , 2 . 3
2 . 3 0  S X " C A 2-A 3*K (G )]*I00 /C A2-A I]
2 . 4 0  T " ,% 4 .0 2  X
2 . 4 5  S Y(G)"X+Y(G)
2 . 5 0  G 2 . 2
2 . 6 0  S H ( G ) " Y ( G ) / ( J - 1 )
2 . 6 3  T *,"HIGH STD U/C ■ " , * 3 . 0 1  H (G),"%"*
2 . 6 5  S Y (G ) " 0 IS  J -0 J T  *1 f f , ” LOW STDS BATCH "G ,f  
2 . 6 7  D 2 . 2
2 . 7 0  I (A 2 )  1 . 1 , 2 * 0 5 , 2 . 7 5
2 . 7 5  D 2 . 3
2 . 7 6  D 2 . 4
2 . 7 7  D 2 . 4 5
2 . 0 0  G 2 . 6 7
2 . 0 5  S L ( G ) " Y ( G ) / ( J - 1 )
2 . 9 0  T I , "  LOW STD U/C ■ " , * 3 * 0 :  L ( Q ) , " * " Î

3 . 0 1  S M (G )»C U -V 3/tH (G )-L(G )3
3 . 0 2  S B(G)"V-M(G)*LfG)
3 . 0 3  T ! » , * !  1 ",*6.04  M (G),*1  " B ("G ,"  ) ",%6*04 B ( 6 )

4 . 0 5  T Iff ,"BATCH " , * 2  G
4 . 1 0  S * « 0 ID  5

5 . 0 5  T f , "  UNCORRECTED CORRECTED",!
5 . 0 7  A f,"SAMPLE NUMBER "OUT *7 0 1 ,  f f
5 . 0 8  S Z"0
5 . 1 0  S Z"Z+1
5 . 2 0  A A I ,A 2 ,A 3 J I  (A 2 )  5 . 9 , 5 . 9 , 5 . 3
5 . 3 0  I (A 2 -A 1 )  5 . 2 , 5 . 2 , 5 . 4
5 . 4 0  D 2 . 3

Î  X"M(G)*X+B(G);T^#,^ " , * 3 . 0 !  X

5 . 6 0  I (19-%) 5 . 0 5 , 5 . 1 , 5 . 1
5 . 9 0  R

*
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