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I. INTRODUCTION 

S o l i d  waste d isposa l  on an acceptable environmental and cos t  basis i s  one o f  
the most nagging, cos t l y ,  and unpleasant problems fac ing  Sea t t l e  and o ther  c i t i e s  
i n  America. Escalat ing cos ts  f o r  d isposal  l abo r  and t ranspor ta t ion  and the  d i f f i -  
c u l t y  o f  f i nd ing  su i tab le  l a n d f i l l  s i t e s  has caused what was simply an unhandy p r o b  
l e m  a decade ago t o  become a major problem f o r  t h e  City. 

I n  the  1960's, t he  federal  goverment  and indus t r y  began t o  emphasize devel- 
opment o f  major new a l t e r n a t i v e s  t o  the  h i s t o r i c  methods o f  s o l i d  waste disposal .  
A number o f  new handl ing and disposal  methods have reached development ma tu r i t y  and 
a r e  ava i l ab le  f o r  app l i ca t i on .  The pas t  decade has a lso  seen widespread acceptance 
o f  t he  f a c t  t h a t  a f f luence and waste need no longer  by synonymous. Terns l i k e  "re- 
cyc l i ng "  and "urban ore" t y p i f y  a changing a t t i t u d e  toward what W B S  once sjmply 
garbage. Publ ic demands f o r  environmental reform, prudent land  use, and economy i n  
p u b l i c  services, have a l l  s imultaneously crested i n  a time o f  f u e l  cos t  increases, 
power shortages, and a recogn i t i on  t h a t  t e r r e s t r i a l  resources are f i n i t e .  

Committee o f  the Sea t t l e  City Council, i n  December o f  1973, commissioned the  Engi- 
neer ing and L igh t i ng  Departments o f  Sea t t l e  t o  aggressively undertake a program of 
u t i l i z i n g  the  l a t e n t  ma te r ia l  and energy po ten t i a l  o f  Sea t t l e ' s  municipal  s o l i d  
wastes. 

I n  May o f  1974, an interdepartmental  r e p o r t  appropr ia te ly  t i t l e d  SEAlYLE'S 
SOLID WASTES.. .AN Uh'TAPPED RESOURCE (1 ) was presented t o  the  Mayor w i t h  the  revela- 
t i o n  t h a t  o f  numerous s o l i d  waste disposal  opt ions,  t h e  conversion o f  s o l i d  waste 
t o  methanol, as suggested by T. Reed ( 2 , 3 ) ,  appeared t o  be the  most environmentally 
advantageous and economical. 
of the Seat t le  study. 

methanol o r  t o  a bu lk  c o n f e t t i - l i k e  a i r - c l a s s i f i e d  f u e l ,  were found t o  be as c o s t l y  
o r  more c o s t l y  f o r  Sea t t l e  than continued waste disposal  i n  l a n d f i l l s .  I t  was 
l a t e r  found t h a t  the  bu lk  f u e l  a l t e r n a t i v e  i s  imprac t ica l ,  leav ing  methanol produc- 
t i o n  as t h e  most promising a l t e r n a t i v e  from an economic standpoint .  Conversion o f  
waste i n t o  methanol may a l so  be a method f o r  achieving f u e l  independence f o r  the  
C i t y ' s  motor f l e e t  and a modest reduc t ion  o f  a i r  p o l l u t i o n  from City vehic les.  
These po ten t i a l  benef i ts,  p l u s  the  oppor tun i ty  f o r  e l im ina t i ng  dependence on land- 
f i l l s ,  except f o r  i n e r t  mater ia ls ,  caused the  City t o  undertake more in tens ive  i n -  
ves t iga t ions  of the  f e a s i b i l i t y  of s o l i d  waste conversion. 

I n  June of 1974, the Sea t t l e  f i r m  o f  Mathematical Sciences Northwest, Inc.  
(MSNW), was re ta ined t o  do an  i n tens i ve  study o f  the  technical  f e a s i b i l i t y ,  econom- 
ics ,  and environmental impact o f  conversion o f  Sea t t l e  s o l i d  waste t o  methanol, and 
use Of methanol as a v e h i c l e  f u e l .  (4 )  The MSNW study confirmed t h a t  the proposed 
conversion process was t e c h n i c a l l y  feas ib le ;  however, ne i the r  the  quan t i t y  o f  
methanol produced nor the  system economics were found t o  be as a t t r a c t i v e  as 

I n  t h i s  context ,  the Mayor o f  Sea t t l e  and t h e  Chairman o f  the  U t i l i t i e s  

Table 1 s u m r i z e s  the  comparative economic f i nd ings  

B r i e f l y  stated, a l l  p r a c t i c a l  d isposal  a l t e r n a t i v e s  except conversion t o  
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i n i t i a l l y  believed. Nevertheless, t he  process s t i l l  showed promise as being supe- 
r i o r  t o  l a n d f i l l .  
same basic technologies f o r  t he  manufacture o f  amnonia. These f i nd ings ,  p lus  fur-  
t h e r  v e r i f i c a t i o n  t h a t  methanol i s  a p o t e n t i a l l y  p r a c t i c a l  automotive fuel  (5,6.7), 
have caused the  City o f  Sea t t l e  t o  i n t e n s i f y  p r o j e c t  planning. 

11. PROCESS DESCRIPTION 

make i t  more convenient t o  convey and pyrolyze. Fol lowing coarse g r ind ing ,  ferrous 
mater ia ls  are removed magnet ical ly,  f o l l ow ing  which the remaining residues--paper, 
wood, glass, yard wastes, domestic wastes, organics, and p las t i cs - -a re  charged i n t o  
a py ro l ys i s  system. 

I n  add i t ion ,  t he  study d isc losed an oppor tun i ty  f o r  using the  

The process as envis ioned f o r  t h e  C i t y  cons is ts  o f  g r ind ing  the  s o l i d  waste t o  
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There are  several py ro l ys i s  systems c u r r e n t l y  being developed. One system 
t h a t  i s  i n  the  l a t e  stages o f  la rge  scale and successful demonstration i s  the  Union 
Carbide Corporation's Purox system (8) .  
i n t o  the  top o f  a s t ruc tu re  s i m i l a r  t o  a b l a s t  furnace. As the  s o l i d  waste migrates 
downward, it i s  heated by r i s i n g  gases generated from the  ox ida t i on  o f  residues a t  
the  bottom o f  the  vessel. 
p rov id ing  the necessary heat f o r  t he  conversion o f  the  c e l l u l o s i c  ma te r ia l s  i n t o  
add i t i ona l  carbon monoxide p lus  hydrogen. The gas leav ing  t h e  top  o f  the reac tor ,  
which cons is ts  l a r g e l y  o f  carbon monoxide, hydrogen, and water vapor, i s  then proc- 
essed through a closed gas-cleaning system i n  which water and o the r  i m p u r i t i e s  are 
trapped. 
carbon monoxide t o  one-part hydrogen p lus  impur i t i es .  

The f i r s t  step f o r  subsequent t reatment o f  t he  gas as c u r r e n t l y  envis ioned 
i s  an absorpt ion process t o  remove s u l f u r  compounds and conver t  the  s u l f u r  t o  i t s  
elemental s ta te .  This i s  t o  be done f o r  p o l l u t i o n  con t ro l  reasons and t o  p ro tec t  
t h e  ca ta l ys ts  used i n  subsequent synthesis operations. The ob jec t i ve  o f  t h i s  step 
should be t o  achieve a gas concentrat ion o f  0.5 ppm o r  less  s u l f u r .  Fo l low ing  t h i s  
step, a water-gas s h i f t  i s  employed t o  a l t e r  t he  carbon monoxide-hydrogen r a t i o .  
I n  t h i s  t r a d i t i o n a l  process, steam i s  added t o  the  gas stream i n  the  presence o f  a 
c a t a l y s t  and under appropr ia te  pressure and temperature cond i t ions .  The quan t i t y  
o f  hydrogen and carbon d iox ide  i n  the  i n l e t  c lean gas i s  approximately doubled and 
halved, respec t ive ly ,  so t h a t  t he  s h i f t e d  gas has a composition o f  about one-part 
carbon monoxide t o  two-parts hydrogen, the s to ich iomet r ic  r a t i o  requ i red  f o r  
methanol synthesis. 
i s  l a rge  and must be purged down p r i o r  t o  the  synthesis step. 

The product synthesis step, w h i l e  r e q u i r i n g  complex equipment, i s  r e l a t i v e l y  
s t ra igh t fo rward .  Under cond i t ions  o f  heat and pressure and i n  the  presence of a 
ca ta l ys t ,  the carbon monoxide and hydrogen are  spontaneously combined i n t o  methanol. 
A l te rna t i ve l y ,  the  s h i f t  reac to r  may be designed t o  more completely s h i f t  carbon 
monoxide i n  the  i n l e t  gas t o  carbon d iox ide  and hydrogen. The hydrogen, i n  CM- 
b ina t i on  w i th  nitrogen, may then be reacted by the  t r a d i t i o n a l  method, us ing  cata- 
l y s t s ,  t o  produce ammonia gas. 
t i o n  i n  the head-end py ro l ys i s  step i s  more than s u f f i c i e n t  t o  meet the  requ i re -  
ments o f  ammonia synthesis i n  t h i s  case. 

The product y i e l d s  computed i n  t h i s  study were 370 pounds o f  methanol per 
ton  o f  s o l i d  waste, o r  445 pounds o f  amnonia per ton  of s o l i d  waste. 
basis,  these amounts represent p o t e n t i a l  y i e l d s  o f  approximately 100,000 tons o f  
methanol per year (31-mi l l ion  ga l lons  per year )  o r  120,000 tons o f  amnonia per 
year, s t a r t i n g  f r o m  550,000 tons per  year o f  municipal  s o l i d  waste. While these 
amounts o f  chemical products seem la rge  t o  c i t y  goverment, they represent on ly  a 
small percentage o f  na t iona l  product ion f o r  these products. What i s  o f  i n te res t ,  
o f  course, i s  t h a t  they represent p o t e n t i a l  revenues w i t h  which t o  reduce the  
f u t u r e  cost  o f  s o l i d  waste disposal .  

I n  t h i s  system, s o l i d  waste i s  charged 

This hot gas permeates upward through the  s o l i d  waste, 

The product gas leav ing  the  system cons is ts  o f  approximately two-parts 

The amount o f  carbon d iox ide  produced i n  the  s h i f t  reac t i on  

By-product n i t rogen r e s u l t i n g  from oxygen produc- 

On an annual 
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Both the  methanol and amnonia processes a re  establ ished commercial processes. 
The raw mater ia l  now used f o r  t h e i r  manufacture i s  p r i m a r i l y  natura.1 gas. 
con tex t  o f  f ue l  conservat ion,  then, the  product ion o f  chemical methanol o r  ammonia 
from s o l i d  waste represents  conservat ion o f  na tura l  gas which might otherwise have 
been used f o r  these products. The Btu content o f  t h e  products was found t o  exceed 
the  ex terna l  energy requ i red  by a f a c t o r  o f  2.5 t o  3.0, depending on t h e  product. 
Th is  f a c t o r  i s  measured a t  the  p l a n t  boundary; the  ove ra l l  energy balance o f  the 
process may be p o s i t i v e  or negative, depending upon the u l t i m a t e  product uses and 
r e l a t e d  thermal e f f i c i e n c i e s .  

111. PROJECT ECONOMICS 

I n  the  

S o l i d  waste d isposa l  - no t  chemical product ion - i s  the  p r o j e c t ' s  pr imary 
purpose. 
cos t  o f  long-haul t r a n s p o r t  and san i ta ry  l a n d f i l l  operat ions.  
combined cos t  i s  c u r r e n t l y  $4.90 pe r  ton and pro jec ted  t o  increase s i g n i f i c a n t l y  by 
1978. The ind i f fe rence p o i n t  f o r  t h i s  p r o j e c t  i s  t h a t  s i t u a t i o n  p r e v a i l i n g  when the 
py ro l ys i s  f a c i l i t y  and the  chemical synthesis p l a n t  operate a t  an annual n e t  cos t  of 
$3.3 m i l l i o n  per year (1978). 
posal i s  continued. 
made t o  the  p ro jec t  f o r  d isposa l  serv ice  i n  an amount equal t o  what conventional 
d isposal  would have cost. 
o f  $3.3 m i l l i o n .  

pr ices.  
ammonia), one may pos tu la te  t h a t  w i t h  the  d imin ish ing  supply and r i s i n g  cos t  o f  
na tu ra l  gas ( the usual feedstock f o r  such p lan ts ) ,  e i t h e r  p l a n t  a l t e r n a t i v e  o f f e r s  
the  d e f i n i t e  p o s s i b i l i t y  o f  s i g n i f i c a n t l y  be t te r i ng  the marginal economics i nd i ca -  
t e d  above. 
ammonia would e n t i r e l y  o f f s e t  t he  d isposa l  gain, y i e l d i n g  f ree s o l i d  waste disposal 
(1978). Even more favo rab le  p r i c e s  were developed using assumed esca la t ion  values 
over the  e n t i r e  p r o j e c t  l i f e t i m e .  Such expectat ions are no t  u n r e a l i s t i c  and should 
leave an a t t r a c t i v e  p r o f i t  margin f o r  any i n d u s t r i a l  p a r t i c i p a n t  i n  the  p ro jec t .  
The r e l i a b i l i t y  o f  s o l i d  waste supply and the  po ten t i a l  advantage o f  City f inanc ing  
of the p ro jec t  makes i t  a p o t e n t i a l l y  a t t r a c t i v e  product source f o r  t he  p r i v a t e  
sector. I n  assessing product r i s k ,  one must consider p reserva t ion  o f  t he  c e l l u l o s e  
content o f  s o l i d  waste. 
being ex t rac ted  from t h e  s o l i d  waste supply stream, product product ion would suffer. 
A decrease i n  c e l l u l o s e  feed r e s u l t s  i n  more than a propor t iona l  l oss  i n  the  
methanol o r  ammonia produc t ion  ra te .  

I V .  CITY BENEFITS AND CONSIDERATIONS 

S o l i d  waste d isposa l  cos t  i s  a major cons idera t ion  t o  any c i t y  contemplat- 
i n g  a change i n  i t s  d isposa l  system. 
view any change as i n e v i t a b l y  more c o s t l y  simply because u n t i l  recent years, t h a t  
has been t h e  h i s t o r y  o f  t h e  indus t ry .  

Recent rap id  changes i n  t h e  economics o f  energy--the r i s i n g  cos t  and scar- 
c i t y  o f  fuel f o r  long-haul d isposal  p lus  the  grea ter  oppor tun i t ies  f o r  en ter ing  
the  energy marketplace as an  energy producer--have besun t o  change t h a t  t r a d i t i o n a l  
view o f  d isposal  economics. 
toward l a n d f i l l  d isposal  a r e  border ing on h o s t i l i t y  because o f  the environmental 
and land  use compromises t h a t  charac ter ize  such operations. 

age i s  t h a t  pub l i c  serv ices  are  dependent on automotive f u e l .  The City o f  Seatt le,  
f o r  example, found i t s e l f  w i t h  on l y  60 percent o f  i t s  usual gaso l ine  f o r  City 

Therefore, t h e  p r o j e c t  f i n a n c i a l  t a r g e t  t o  equal o r  beat i s  the  combined 
I n  Seatt le,  t h i s  

This w i l l  be the  cos t  t o  the  City i f  l a n d f i l l  d i s -  
From a p r o j e c t  accounting standpoint ,  a revenue c r e d i t  can be 

This c r e d i t  i s  expressed i n  Table 2 as a "disposal  gain" 

Obviously, the f i n a n c i a l  f e a s i b i l i t y  o f  the p r o j e c t  i s  dependent upon product 
Based on l a t e  1974 p r i ces  ($ .B /ga i l on  f o r  rnetnanoi and B i50 i ton  f o r  

For example, a p r i c e  o f  $0.44/gallon f o r  methanol o r  $130/ton f o r  

I f  t h a t  content were t o  decrease as a r e s u l t  o f  paper 

Most p ro fess iona ls  i n  s o l i d  waste management 

This i s  occurr ing a t  a time when p u b l i c  a t t i t u d e s  

Another lesson learned by c i t y  governments dur ing  the  1973/1974 o i l  shor t -  
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f l e e t  use, and i n  the  minds o f  many City o f f i c i a l s ,  the  s i t u a t i o n  bordered on one 
of City government being unable t o  p rov ide  adequate p u b l i c  services.  
memory s t i l l  f resh i n  mind and w i t h  the  p o s s i b i l i t y  o f  f u tu re  fuel  supply i n te r rup -  
t i o n s  and even higher fuel  pr ices,  there i s  genuine appeal t o  the  concept o f  C i t y  
fuel  independence by way o f  f l e e t  conversion t o  100 percent methanol made from 
municipal  s o l i d  wastes. Studies performed t o  date i n d i c a t e  techn ica l  f e a s i b i l i t y  
and a need f o r  a f l e e t  t es t i ng  program t o  de f i ne  veh ic le  conversion requirements 
and t o  conf i rm est imated veh ic le  performance parameters. 

r e a l i z e d  from the  u t i l i z a t i o n  o f  methanol as an automotive f u e l .  (5,6) While the 
improvement may be minor, i t  i s  nevertheless a step i n  the  r i g h t  d i r e c t i o n .  

Clear ly,  there  a re  s i g n i f i c a n t  incent ives  and bene f i t s  inherent  i n  a s o l i d  
waste disposal process t h a t  y i e l d s  e i t h e r  methanol o r  ammonia. 

0 Cessation o r  reduc t ion  of l a n d f i l l  d isposal .  
0 P o t e n t i a l l y  a t t r a c t i v e  economics. 
0 City f u e l  independence and r e l i a b i l i t y  o f  p u b l i c  services.  
0 Fuel conservation. 

Reduced urban a i r  po l l u t i on .  

With t h i s  

A modest reduc t ion  i n  urban a i r  p o l l u t i o n  i s  another b e n e f i t  t h a t  can be 

Pre l im inary  s tud ies  show t h a t  t h e  recovery p l a n t  can be s i t e d  next t o  one o f  the  
C i t y ' s  la rge  t rans fe r  s ta t ions .  Neu t ra l i za t i on  o f  several  p l a n t  waste l i q u i d  
streams w i l l  be requ i red  f o r  discharge i n t o  the  reg iona l  l i q u i d  waste system. 
Current a i r  p o l l u t i o n  standards can be met and noise l e v e l s  a r e  no t  expected t o  
exceed 65 dBa a t  the  p l a n t  boundary, a l e v e l  o f  noise w i t h i n  proposed City stan- 
dards. 

V. SYSTEM APPLICABILITY ELSEWHERE 

The quest ion f requent ly  a r ises  as t o  poss ib le  widespread use o f  "The Seat t le  
Concept." I n  an e a r l i e r  paper (g), one o f  the  authors p ro jec ted  t h e  po ten t i a l  
na t iona l  benef i t s  o f  convert ing municipal  wastes t o  methanol i n  terms o f  equivalent 
automotive fuel  and imported crude o i l .  That p ro jec t i on  assumed t h a t  70 percent o f  
a l l  municipal s o l i d  waste could u l t i m a t e l y  f i n d  i t s  way i n t o  conversion t o  methanol 
and, t h a t  product y i e l d  ( i f  a l l  were used as automotive f u e l )  cou ld  d isp lace  150- 
m i l l i o n  bar re ls  per  year o f  imported crude o i l ,  f o r  a na t i ona l  balance o f  t rade 
saving i n  excess o f  a b i l l i o n  d o l l a r s  per year. 
t e d  product y i e l d s  were probably too  high, there  i s  l eg i t ima te  reason t o  quest ion 
whether such wide use o f  the  process i s  l i k e l y  t o  be undertaken. 

ammonia tend t o  confuse the  p r a c t i c a l  r e a l i t i e s  o f  s o l i d  waste disposal .  
energy p r o f i l e  o f  every c i t y  i s  d i f f e r e n t ,  and conversion of waste t o  these prod- 
u c t s  i s  not l i k e l y  t o  be the  best so lu t i on  i n  every case. The use o f  s o l i d  waste 
f o r  steam and power generat ion i s  an establ ished technology, and where pu lver ized  
coal  i s  now used i n  e x i s t i n g  urban p lan ts  on a year-around basis,  i t  makes economic 
and environmental sense t o  f o l l o w  the  lead o f  the  City o f  S t .  Louis and the Union 
E l e c t r i c  Company where pu lver ized  and a i r - c l a s s i f i e d  s o l i d  waste f u e l  i s  suspen- 
s i o n - f i r e d  i n  base-load e l e c t r i c  u t i l i t y  bo i l e rs .  
Landguard i n s t a l l a t i o n ,  where steam i s  generated from a py ro l ys i s  process and d i s -  
p laces steam t h a t  would otherwise have been generated by burning o i l  i n  an urban 
power p lan t ,  makes both f i nanc ia l  and environmental sense. (10) 
c i t i e s ,  e l e c t r i c  power demands a r e  heavy dur ing  the  Sumner when s o l i d  waste genera- 
t i o n  i s  greatest. 
s o l i d  waste. 
a n o n f a  may be l e s s  a t t r a c t i v e  than steam o r  power generation, a t  l e a s t  i n  the  

Aside from the  f a c t  t h a t  ca lcu la -  

The environmental and energy appeal o f  convert ing wastes t o  methanol o r  
The 

S im i la r l y ,  the  Ba l t imore  

I n  both o f  these 

Also, fossil-powered p lan ts  are loca ted  c lose  t o  the  source o f  
I n  s i t u a t i o n s  such as these, the  economics o f  producing methanol o r  
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near future .  
hazards of leachate a re  minimal, re la t ive ly  1 i t t l e  incentive may exist--except the 
ethical  matter of resource conservation--for a c i t y  t o  undertake any energy recovery 
system, par t icular ly  one a s  unfamiliar t o  the lay public a5 conversion t o  methanol 
o r  amnonia. The s tudies  on which t h i s  paper a r e  based a l so  considered the possi- 
b i l i t y  of  ins ta l l ing  f a c i l i t i e s  to  pyrolyze sol id  waste coupled with s a l e  of the 
clean gas for  d i r e c t  fuel use, thus avoiding the expense o f  chemical synthesis 
plant ins ta l la t ion .  In t h i s  case,  markets f o r  the clean gas were not ident i f ied.  
In other  locales, where customers f o r  the fuel gas  e x i s t  c lose to  the pyrolysis 
plant, th i s  solution may prove optimal. Clearly, every c i t y  must determine the best 
solution i n  the l i g h t  of i t s  own par t icu lar  circumstance. 

Seat t le  i s  s i tua ted  i n  a region tha t  u t i l i z e s  methanol in i t s  wood products 
industry and ammonia f o r  agr icu l ture .  Electr ic  u t i l i t y  loads are minimum i n  Summer 
when sol id  waste generation i s  maximum and, in most years, hydropower is  more than 
adequate to  s a t i s f y  demands f o r  e l e c t r i c i t y  th rough  much o f  the  year. Therefore, a 
process leading t o  the generation of e l e c t r i c i t y  does not appear t o  be competitive 
a t  this time. Moreover, l a rge  close-in fossi l - fuel  power plants su i tab le  f o r  sol id  
waste combustion a re  nonexistent. Another factor  tha t  enhances the economics of 
methanol or ammonia conversion processes i n  t h i s  area i s  tha t  both products a r e  i m -  
ported a t  considerable c o s t  (methanol from the Gulf Coast, ammonia from Alaska). 
Also, ammonia and related f e r t i l i z e r  products a re  dependent primarily on natural 
gas which i s  experiencing dramatic price increases and declining ava i lab i l i ty .  
Simply s ta ted,  S e a t t l e ' s  s i tua t ion  appears t o  be tailor-mgde'for the  concept of con- 
verting solid waste t o  e i t h e r  methanol or amnonia. 

V I .  SUMMARY 

The u t i l i za t ion  of municipal sol id  waste as feedstock for  the manufacture of 
e i ther  methanol or  ammonia has been found t o  be technically feas ib le  f o r  the City 
of Seat t le .  Further e f f o r t  i s  underway t o  confirm the i n i t i a l  findings of economic 
f e a s i b i l i t y .  Such an ins ta l la t ion  should reduce future  disposal costs  while simul- 
taneously providing the City w i t h  a source of methanol f o r  City motor f l e e t  use. 
The use of methanol f o r  vehicle fuel will assure continuity of public services dur -  
ing periods of fuel shortages and aid in reducing urban a i r  pollution. After diver t -  
i n g  6,000,000 gallons per year of methanol for  City f l e e t  use, 25,000,000 gallons 
per year of methanol, o r  100,000 tons per year of ammonia can be made avai lable  for  
marketing through exis t ing commercial channels. The s u i t a b i l i t y  of this process 
f o r  other c i t i e s  depends upon local energy and product markets which must be care- 
f u l l y  analyzed on a case-by-case basis. 

The l i s t  of those academic and industry people who wil l ingly and generously 
shared t h e i r  knowledge and offered encouragement f o r  th i s  project ,  especially dur -  
i n g  i t s  embryonic stages, would be too long to  include here. This opportunity i s  
taken to  extend appreciation t o  them as  a group for  the i r  important contributions 
t o  the Sea t t le  s tudies .  

I n  ar id  areas  where there  i s  ample land f o r  landf i l l  disposal and the 
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TABLE 1 

SUMMARY O F  DISPOSAL ALTERNATIVES~ 

\ 
\ 
\ 

I 

NET OVERALL 
DISPOSAL COST 

SYSTEM ALTERNATIVE $/TON 
( 1 )  ( 2 )  

A. 
6. 
C. 

D. 

E. 

F. 

G. 
H .  
I .  

J-1 

5-2 

Unprocessed Sol id Waste Steam-Electric Plant 
Processed Solid Waste Steam-Electric Plant 
Processed Solid Waste/Pulverized Coal Steam-Electric 
Plant 60,000 KW 
Processed Sol i d  Waste/Pulverized Coal Steam-Electric 
Plant 100,000 KW 
Processed Sol i d  Waste/Pulverized Coal Steam-Electric 
Plant 200,000 KW 
Processed Solid Waste/Existing Coal Fired Steam- 
Electr ic  P1 an t  (Central i a ,  Was h i  ngton ) 
Unprocessed Sol i d  Waste Steam Plant (Steam Only) 
Processed Solid Waste Steam Plant (Steam Only) 
Processed Sol id  Waste Pyrolysis Gas Turbine- 
Electr ic  P l a n t  
Limited Sol i d  Waste Processing Pyrolysis-Oxidation- 
Gas Turbine-Electric Plant 
Processed Solid Waste Pyrolysis-Oxidation-Gas Turbine- 
Electr ic  P l a n t  

-16.10 
-13.77 

-15.62 

-18.62 

-25.97 

- 6.30 
- 8.15 
- 7.62 

-11.07 

-1 0.92 

- 9.97 
K-1. Limited Sol id  Waste Processing Pyrolysis-Oxidation 

K-2. Processed Solid Waste Pyrolysis-Oxidation System f o r  
Met hano 1 Production + 0.63 

System f o r  Methanol Production - 0.32 

L .  Processed Solid Waste as a Marketable Fuel + 1.03* 
M. Unprocessed Sol id Waste Landfill Disposal 

No Energy Recovery - 7.90 

'City of Sea t t l e ,  "Sea t t le ' s  Solid Waste.. .An Untapped Resource," 
May, 1974. 

* 
NOTE: Does not include hau l  cost .  
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TABLE 2 

MARGINAL OR "BREAK-EVEN'' ECONOMICS OF SEATTLE SOLID WASTE 
METHANOL OR AMMONIA PROJECT (1978) 

(1)  

P lan t  Nominal Product Size 

Annual Product Y ie ld  

CAPITAL COST' 

Debt Service' 

Operation and Maintenance 

FIRST-YEAR COSTS 

Product Sa 1 es 

Disposal Gain' 

Marginal (Break-Even) 
Product Pr ice,  F i r s t  Year 

METHANOL PLANT AMMONIA PLANT 

300 T/Day 350 T/Oay 

( 2 )  (3) 

100,000 T/Year 120,000 T/Year 
(31,000,000 Gal/Yr) 

I I 

$ 56,000,000 $ 65,000,000 

6,600,000 7,500,000 

7,100,000 8,100,000 

$ 13,700,000 $ 15,600,000 

$ 10,400,000 $ 12,300,000 

3,300,000 3,300,000 

$ 13,700,000 $ 15,600,000 

33.6d/Ga 1 $1 O3/Ton 

'Gasi f iers,  gas cleanup, s h i f t  process, synthesis p lan t ,  s i t e ,  

*15-year l i f e ,  8% i n te res t .  

tankage, and associated f a c i l i t i e s .  

'Disposal c o s t  for equivalent t ranspor t  and l a n d f i l l .  
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