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Lake. I n  1930, construct ion of sewage p lan ts  an2 interceptiag sexers 

- - . r . <  - 
.. >:IL{ + ,o  A t  t h a t  time, it became evident t h a t  t h e  Upper I l l i n o i s  S v e r  System, which 
- = a c t s  a s  a number of interconnected lagoons, could no t  take co-,bked sewage 
' 4. and storm overflows witkout severe upset; P e m i t t e d  divers ion of l a k e  

- . >  l' 
F 
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w a t e r  was d r a s t i c a l l y  reduced from 1935-1940 by decree of t h e  U.S. Supreme 

, , Caurt. This required concurrent #<s, I? improvenents P' , in t r ez+ren t  ~ e t h o d s  of , L, 
-L,,*fl - D i s t r i c t  p lan ts .  . T- A ' -  ;_.d -., 7"Ju" 

JJ: - 1  > +,., ' c i -  I \ < "  - - -7 7 ,  

- ,  <:tit. ' 
~ r e s e n k l ~ ,  the  D i s t r i c t  is chakged with E s l j o n s i j i ~ i t ~  t o  adhere t o  s t r i c t e r v l  ..- 
water qua l i t y  standards and plan f o r  t he  poss ib i l f t y  of s t i l l  less l zke  

-- water divers ion f o r  e f f luen t  d i lu t ion .  These stzrdards,  adopted by t h e  
t Stat-e of I l l i n o i s  and approved by the  f ede ra l  gc-.~erx-sent, reqaZre t h a t  canals 

and waterways be upgraiied t o  where they can be use2 for su ,~ply  and 
recrea t ion  by a population approaching six mi l l ion  and an industrZa1 
equivalent of four  mi l l ion  covering over 850 squnrp, zLles. 

. . -* ,I -" + 
I - , , ? - ~ i - +  r: ;;!. ' <  -1 , u 1  7- nc 
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'.;1;- ., Physical  site and operat ion of t he  West southw&t Sevage Treazzsat Works: The 
- site of t h e  pro jec t  is the  MSDGCrs West Southwest S e ~ a g s  T r e a e e n t  Works, The 

7 1 .  
- - 

- C ' &  2 -  

- 
; : , ' p lan t  is located j u s t  west of t h e  City of Chicago, in St i chey ,  I l l i n o i s .  ft 

I ., r '  .. 
I ' 1 i P  I' . .. - , , . . cons is t s  of a West Side f a c i l i t y  u t i l i z i n g  Ial-105 f trett;-stat of sewage sludge, 
. I ,, . -.;,,;y:ay . , -  .-.placed i n  operation i n  1930, and a Southwest f a c i l i t y ,  operzt icg s ince  1939 

,, -%, ,< 
. - .,, .;,&-I, with ac t iva ted  sludge processing. The following page i s  a m p  of the' p l an t  
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t P r o j e c t  Equipment .and I n s t a l l a t i o n :  Two 35,009 IL /k r  13-z 2 r s s s u r e  s t e a ~  
g e n e r a t o r s  were i n s t a l l e d ,  a long  wi th  3000 f e e t  or' 7 2 - i ~ c 3  9 i ; z . f o r . d i g e s t e r  
gas .  A u x i l i a r y  i t a s  c o n s i s t  of two d i g e s t e r  ges  5 m s t e r  p:=ps azd  c o n t r o l s ,  - - a b u i l d i n g  t o  house t h e  b o o s t e r  pumps and v a r i o u s  vzL-i*2s, f . ~ t t i ? - -  ;>, and 
a c c e s s o r i e s  t o  make t h e  s team g e n e r a t o r s  compatible uirh t r c s t z e a t  p l a n t  
pr icess  f l i w s  and ensure .  r e l i a b l e  s e r v i c e .  

The Grantee (MSDGC) undertook t h i s  work and c o = i t t @ <  , i t s  c;;-, ._'-z2s 'w i thou t .  
. . . . 

a genera l .  e l e c t i o n .  P r e p a r a t i o n  of f h e  NS1JSTf.T i z s t z l l t t i o a  s i i z . w a s  p e r f o  . . LL-G 
by i-ISDGC employees. I n s t a l l a t i o n  of t h e  gene race r s  .zzd o t k r  e ~ x i p a e n t  

. . proceeded w i t h  t h e  a i d  of .  tradesinen h i r e d  under,  a, su3coz:_tr2zt.  P r o f e s s i o n a l  
pe r sonne l  from t h e  D i s t r i c t s  11 & 0 Department. s u p e r ~ ~ i s s l  t h t  xrl-:. 

. . 

Pho tograph ic  s l i d e s  of p r o j e c t  equipment have '  bscua' f55<2r<2? t o  t h z  G . S ;  
Department of  Energy. See fo l lowing  page f o r  a is515 of  slit? d z s c r i p t i o n s .  

P r o j e c t  Opera t ion :  The b a s i c  p r i n c i p l e s  ,of.  sewage t r2EtEoZt 2 r2  72211 

e s t a b l i s h e d  a d  wide ly  p r a c t i c e d .  Although t h e  i;S2 SZJ hzilS12s o ~ z r  a 
b i l l i o n  g a l l o n s  of  sewage p e r  average  day,  making i t  ihz  k-orld 's  7ar-est O 

sewage t r ea tmen t  p l a n t , ' t h e  p r o c e s s  i s  q u i t e  s 1nf iu2zt  2% s c r e e c e d  
Co renove l a r g e  d e b r i s ,  f lows  through p r e l i ~ i n a r y  s s t t l i ~ g  t.zS:s t o  s e p a r a t e  
most suspended and f l o a t i n g  scum s o l i d s ,  pas ses  through a s r z t i o n  t a n k s  which 
assist b i o l i g i c a l  decomposi t ion of  remaining i n ? ~ r i t i s s ,  zad I s  .z&lowed t o  
s e t t l e  a g a i n  b e f o r e  c h l o r i n a t i o n  and/or  d i scha rge  tc ?>e x z t 2 ~ z y .  S ludges  
c o l l e c t e d  du r ing  t h e  p roces s  a r e  mixed w i t h  s c ~  2nd gro1.nd..scrzzaings, 
concen t r a t ed  by g r a v i t y  o r  mechanical  means, ens ,  i n  f k c  c a s t  s a r t i n e n t  
t o  t h e  s u b j e c t  p r o j e c t ,  a r e  f e d  t o  d i g e s t i o n  . tanks v:?sre t h 2  22tio3 of . - . . - . a n a e r o b i c  b a c t e r i a  g e n e r a t e s  h e a t  and combust ible  gEa, ~ r t - r r ~ i r  x z t h z n e .  
Diges ted  s l u d g e  can be f u r t h e r  concen t r a t ed  and Gis23ssd cf 57 ~ 2 2 l i c a t i o n  
on s t r i p  mined l and .  . , 

. . .  . 

. .  . .  G a s  gene ra t ed . . du r ing  a n a e r o b i c  d i ~ e s t i o n  h a s  a v e r 2 ~ f ~ i  a ? p r o l i 1 5 z ~ = l y  2.7. 
, m i l l i o n  s t a n d a r d  c u b i c  f e e t  pe r  2ay. Of t h i s  zo:rr?C, 1 .7  r~i l?<orr  SCF p e r  

day i s  used keep ing  t h e  d i g e s t e r s  hea ted  t o  t h e  p ropa r  c f ~ 2 2 r z t i ~ ' e  f o ' r  t h e  
b a c t e r i a  t o  t h r i v e .  The excess  1.0 m i l l i o n  SCF 2 2 r  e 3 ~  is 25?26 f r o 3  t h e  
d iges te rs  and burnod t o  supply power f o r  low p r e s s u r e  s t e z c  s z c t r e t o r .  

The boos ' ter  (gas  pump) system 1.785 pu t  i n t o  o p e r a t i o n  crr ?r=lrck 220, 1980' 
and has  o p e r a t e d  c o n t i n i o u s l y  from t h a t . . d a t e  w i t h  t5s exzs2tiaa 05 down 
t i m e  f o r  minor maintenance and a l t e r a t i o n s  to . t f i .3  sYst2z. 3 ~ ~ ' : z r  XO. 1 ". 

. . h.as beten . i n  o p e r a t i o n  f o r  1601 ho-urs,  whereas Booster  ?Fq. .2 k a s  logged  1273.4': . .  
. . .  

. . , hour s  as .df  Jur:.e 25,  '1980. Fdr '  t h e  mbi th  ' b f , ~ ~ r i l  .l?SQ, z-t'iriz . . ~ u i p n e n t  . ' , 

' i n d i c a t e s  t h a t  23,050,000 c u b i c  feet;:o£ d i g e s t e r  gzs yas vm22Z 59 t h e  s y s t e ~ .  
Readings inc l ica te  t h a t  27,865, COO .cub-ic f e e t  W ~ S  ? > z . ? ? T ?  5n '(27 - -  _ , -- _=f-silred a t  

. .  - zfi everage pressers of  5.9 ps-jg and 7 5 0  '3. Vol.LTs c;s.=sc ;z L - Z ~  is cu r ren t :v  - - - 4  

.. . n o t  : a v a i l a b l e ,  bu r  ees tiiira~etj : to  approach t h e  v o l - c s  .alz:!ad L n  3kf7: . .Therefor? ,  . . . 
f0.r  t h e  $6 days t h e  sys t em has  .been i n  o p e r a t i o n , .  t o t a l  .pm?2g? - is  w i t h i n  . . 

. . 
t h e  r ange  of  85 . t o  . '90 m i l l i o n  , cub ic  f e e t .  . . .. . . 

. . . . . .  . . . .  . . 
. . . . 

, . .  . . . .  . 



T A B L E  O F  

PEiOTOGRRPIIIC SLIDES 

S l i d e  No. D e s c r i p t i o n  

1 Boos te r  b u i l d i n g  ?-znsizg b o o s t e r s  1 and 2 

. . 
B ~ o s t e r  . N o .  1, Robi.ccl r o t o r .  c o z t r o l l e r  . . .  : . . .  . . 
and m o i s t u r e  r e z a ~ ~ r f  equipxext - 

. . . . 

Booster  No. 1, scczica 2nd discZzrge 
p i p i n g ,  and mon i to r i zg  gzuges:  

Boos te r  No. 1, s i l z z c z r ,  and z o i s t c r e  
removal equipnent  ( z f t ? r c o o l e r  255 

sep . a r a to r )  , ' . . . .  . . 

. . 
Nois t u r e  reaov~l 2gzi?=2at f o r .  3353 ters . . 

Nos. . 1 . and . 2 . ,. ass.;iaicd ~ i p i ~ g  -_ zc2 v a l v e s .  . . . 

. . .  . . .  . . . . . . .  . . 

I n s t a l l a t i o n  of th2 12 i n c h  dizz2t2r 
wrapped a n d  ~ a t > ~ c 5 i ~ z l i y  p r o t e c t = <  undergraund . 

l i n e  which con-.reys e55es:er . g2s - PO s t e a a  
g e n e r a t o r s  

. . . . .  . . . . .  . . . . . . . .  < . . . .  . . . .  

Boi l e r .  # l  . b r eech ins  223 exhaust  s t t ck . ,  . . 
. . .  . . . . 





Future Enhancement: I n s t a l l a t i o n  of a l a rge r  notor w i l l  eou5le -,olrilsal 
gas pumping capacity. This w i l l  allow t h e  handling of increased flows 
a s  t he  West Southi~est  Sewage Treatment Works t r e a t s  core  sevzge 
from the  Chicagoland area. 
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DIGESTER GAS UTILIZATION PROGRAM 

Raymond R. Rimkus 1 
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INTRODUCTION 

This paper will describe the preliminary studies and final design 

at the Chicago Metropolitan Sanitary District West-Southwest 

Sewage Treatment Works for a digester waste gas utilization 

program. The studies and design were done in-house by staff 

engineers. 

The first four digesters at the West-Southwest were built and 

placed into service in 1964. At that time, the use of digester 

gas consisted only of that amount required to maintain Mesophilic 

conditions.in the digesters and to provide heat for the digester 

building. The economics at-that time indicated that the excess 

digester gas be flared off in waste gas burners. Two additional 

'chief of ~aintenance and Operations, MSDGC 

'~ssistant Chief Engineer, West-Southwest Sewage Treatment Works, 
MSDGC 

'~n~ineer of Treatment Plant Operations, west-southwest sewage 
Treatment Works, MSDGC 



sets of  f o u r  d i g e S t e r s  each w e r e  subsequent ly  b u i l t  i n  1969 and 1973 

and aga in  t h e  waste  g a s  was f l a r e d  .o f f .  

S ince  1974, w i th  t h e  ~ i d d l e  E a s t  o i l  embargo and t h e  s h o r t a g e  of 

domest ic  energy,  t h e  c o s t  o f  energy has  skyrocke ted  and made t h e  

u t i - l i z a t i o n  of t h i s  was te  g a s  n o t  on ly  economical  b u t  mandatory. 

DESCRIPTION OF PLANT 

The West-Southwest Works i s  a 1'200 MGD a c t i v a t e d  s l u d g e  p l a n t  w i t h  

an anaerobic  d i g e s t i o n  complex c o n s i s t i n g  of  twelve 2 . 5  m i l l i o n  

g a l l o n  f l o a t i n g  cover  h i g h r a t e  d i g e s t i o n  u n i t s .  Each d i g e s t i o n  

u n i t  i s  r a t e d  a t  2 5  d r y  tons/day a t  a 3.3% s o l i d s  feed .  Sludge 
. . 

h e a t i n g  and mixing is  accomplished by c o n t i n u a l l y  c i r c u l a t i n g  t h e  

s ludge  through water  t ube  h e a t  exchangers.  Hot wa te r  is  s u p p l i e d  

t o  t h e  h e a t  exchangers  from d i g e s t e r  g a s  f i r e d  f i r e - t u b e  b o i l e r s .  

There a r e  s i x t e e n  b o i l e r s  f o r  twelve d i g e s t e r s .  Feed t o  t h e  d i -  

g e s t e r s  i s  100% waste a c t i v a t e d  s ludge.  

S i x t y  p e r  c e n t  of t h e  main sewage pump c a p a c i t y  and '100% o f  t h e  

blower c a p a c i t y  i s  s u p p l i e d  by turbo-dr iven equipment. I n  addi-  

t i o n ,  t h e  Southwest Works has  3 tu rbo-genera tors  capab le  of 

producing 20,000 KV. The l a r g e  '10,000 XV g e n e r a t o r .  is  an  

e x t r a c t i o n  u n i t  from which low p r e s s u r e  steam i s  e x t r a c t e d  f o r  

p l a n t  h e a t i n g  and b o i l e r  f eed  water t r ea tmen t .  Approximately 



80% of t h e  p l a n t ' s  low pressure  steam i s  obta ined  by e x t r a c t i o n  

from t h e  g e n e r a t o r ' s  turbo-drive.  The remaining 20% is  obtained 

from a pressure  reducing s t a t i o n  where 430 p s i g ,  7 0 0 ~ ~  steam i s  

reduced t o  18 ps ig  and 2 0 0 ~ ~ .  The low p r e s s u r e  steam is  d i s -  

t r i b u t e d  throughout t h e  600 a c r e  complex through s e r v i c e  tunnels  

and u t i l i t y  conduits .  The Research and Development Laboratory 
. .. 

which i s  loca ted  on t h e  p i a n t  property uses  low p r e s s u r e  steam 

win te r  and summer. Summer coo l ing .o f  t h e  l a b o r a t o r y  i s  provided 

by two 150-ton absorpt ion  u n i t s  t h a t  use approximately ,10,000 lbs . /  

hour of low pressure  steam. 

DIGESTER GAS PRODUCTION AND DOLLAR VALUE 

The gas produced i n  each d i g e s t e r  i s  metered and recorded by 

, c h a r t  and t o t a l i z e r ,  and t h e  average t o t a l  gas  product ion is  

6 2 .7  x  10 it. per  day. Fig.  1 shows t h e  gas  produced on a  

monthly b a s i s  and t h e  gas  u t i l i z e d  t o  maintain t h e  d i g e s t e r s  a t  

9 5 O ~ .  The d i f f e r e n c e  between the  two i s  t h e  d i g e s t e r  gas  wasted 

o r  t h e  amount of gas a v a i l a b l e  f o r  f u r t h e r  u t i l i z a t i o n .  An 

average of 1.0 x l o 6  f t .  p e r ,  day of d i g e s t e r  gas  is a v a i l a b l e  

f o r  a d d i t i o n a l  u t i l i z a t i o n .  

Diges ter  gas  i s  composed of approximately 65% methane, 30% 

carbon d ioxide  and 5% of . varying . amounts of n i t r o g e n ,  hydrogen, 

carbon monoxide and oxygen.. This  gas  i s  capable of supplying 
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. . 

3 650 BTUs per standard cubic feet. Thus 1.0 x lo6 ft. per day 

of digester gas @650 BTU per standard cubic feet is the energy 

equivalent of 650 x lo6 BTU/day and since 100,000 BTUs equals 

one therm, the amount of digester gas wasted or available for 

utilization is 6,500 therms per day. Since the major fuel source 

at the plant is natural gas, the digester gas will replace an 

equivalent amount of therks of natural gas. For the first six 

months of 1979, the average price of natural gas at the West- 

Southwest Plant was $0.24 per therm. The 6,500 therms of 

unutilized digester gas is worth (6,500 therms x $0.24/therm) 

$1,625.00 per day, or annually, this comes to $593,125.00. 

METHOD OF UTILIZATION 

Some of the methods of utilizing digester gas studied at the West- 

Southwest Plant were gas turbine-generators, internal combustion 

engines and water tube boilers. 

Gas turbine generating systems require a large capital invest- 

ment. In our particular case, this meant $2,500,000 to $3,000,000. 

Also there was much concern about cleaning the digester gas which 

is a necessity for keeping the combustion chamber clean. 

Internal combustion engines as observed in other plants had high 

noise levels and an abundant amount of supporting equipment such 



as lubrication, ignition, carburation and cooling systems. It 

appeared that there would be a problem using digester gas on an 

internal combustion engine since some plants had to redesign 

component parts of the engine to deal with the corrosive nature 

of the gas. Additionally, there was no convenient direct appli- 

cation to a pump or blower in the plant. 

The third alternative, water tube boilers was studied and became 

our first choice for three reasons: 

1. Low capital cost and quick return on investment. It was 

estimated that the cost of material and labor to complete the 

project would be $830,000.00. The cost of operation is 

estimated at $150,000.00 per year. It was,calculated that 

the project cost would be amortized in less than three years. 

2. Complete utilization of low pressure steam. The low pressure 

steam requirements and the source of steam were studied 

along with the amount of steam generated from the excess 

digester gas. Fig. 2 shows this study on an average monthly 

basis for one year. It can be seen that at no time does 

the amount of low pressure steam available from the excess 

digester,gas exceed the demand for low pressure steam. The 

fact that the Research 'and Development Laboratory is cooled 

during the summer months by two 150-ton absorption units 

that use' approximately 10,000 lbs ./hr. of low pressure 
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steam helps this situation come about. Since the.demand .for 

low pressure steam is present, a consistent boiler operation 

is expected. 

3. - By 1985, the plant expects to replace six turbo-pumps and 

seven turbo-blowers with electric drives. This equipment is 

being phased out along with seven high pressure steam genera- 

tors due to their age and high cost of maintenance and opera- 

tion. Coinciding with this program, the plant will be expanded 

by the addition of two aeration batteries and additional 

digesters. Elimination of the high pressure steam generators 

along with the plant expansion necessitates new steam generators 

located centrally. 

Fig. 3 shows the chosen site for the new steam generating equip- 

ment. The existing building, completely equipped with utilities 

such as water, electricity, telephones, etc., formerly housed the 

wet air oxidation process for sludge processing. As the process 

was terminated several years ago, the building became available 

for the steam power house. The utilization of an existing build- 

ing such as this allowed a considerable capital savings. For the 

minimal cost,of removing some equipment, this building became the 

location for the digester gas utilization boilers. 

Additionally, the sixteen hot water generators presently in use 
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a t  t h e  d i g e s t e r  complex w i l l  be phased out .  They w i l l  be re-  

placed by new high p ressu re  steam b o i l e r s  capable  of being f i r e d  

with d i g e s t e r  gas  which w i l l  a l s o  be loca ted  i n  t h e  new steam 

genera t ing  bui ld ing .  The steam w i l l  be t r anspor ted  back t o  t h e  

d i g e s t e r  complex where s ludge  hea t ing  w i l l  be accomplished by 

means of ho t  water conver ters .  

PIPING CONSIDERATIONS 

The d i s t a n c e  between t h e  d i g e s t e r  complex and t h e  steam b o i l e r s  

is  1800 f e e t .  I t  was c a l c u l a t e d  and determined t h a t  a  1 2 "  coated 

s t e e l  pipe with s a c x i f i c a l  anode cathodic p r o t e c t i o n  was necessary.  

The pipe was i n s t a l l e d  underground, below t h e  f r 0 s . t  l e v e l  where 

p o s s i b l e , . a n d  sloped t o  permit  moisture t o  flow t o  t r a p s  f o r  

r e l e a s e .  The gas  l i n e  was i n t e n t i o n a l l y  overs ized  because a s  

previous ly  mentioned, t h e  p l a n t  expects  t o  i n c r e a s e  t h e  d i g e s t e r  

f a c i l i t y  by 50% and f u t u r e  planning c a l l  f o r  t h e  t o t a l  gas pro- 

duct ion  from t h e  d i g e s t e r s  t o  be u t i l i z e d  a t  t h e  new steam gene- 

r a t i n g  p lan t .  

A s  shown i n  Fig.  3 ,  a  6"  high pressure  steam l i n e ,  a  4 "  n a t u r a l  

gas  l i n e  and 1 2 "  low pressure  steam l i n e  wezealready i n  ex i s t ence  

between t h e  Wet A i r  Oxidation P l a n t  and t h e  main bu i ld ing  of t h e  

p l a n t .  Again, i n  o rde r  t o  keep t h e  c a p i t a l  expenditure  a s  low 



a s  poss ib le ,  it was decided t o  use t h e  6" high p ressu re  steam l i n e  

t o  t r a n s p o r t  b o i l e r  feed water  from t h e  main t o  the new 

boi le rs . .  I n  o rde r  t o  do t h i s ,  steam t r a p s  had t o  be removed from 

t h e  steam l i n e  and connect ions t o  t h e  b o i l e r  feed  water a t  t h e  

main bu i ld ing  had t o  be made. The b o i l e r  feed  water i n  t h e  main 

bu i ld ing  i s  600 p s i g  and 2 1 0 ~ ~ .  s i n c e  t h e  new b o i l e r s  a r e  r a t e d  

260 ps ig ,  a reducing s t a t i o n  f o r  t h e  feed water was i n s t a l l e d  i n  

t h e  m a i r b u i l d i n g .  The b o i l e r  feed water  t rea tment  and feed  system 

w i l l  be moved t o  t h e  new steam genera t ing  bu i ld ing  when t h e  seven 

high pressure  b o i l e r s  a r e  phased out .  

The 4 "  n a t u r a l  gas l i n e  w i l l  provide an a l t e r n a t e  f u e l  f o r  t h e  new 

b o i l e r s ,  The 12" low p r e s s u r e  steam l i n e  w i l l  be used t o  t r a n s p o r t  

t h e  generated steam back t o  t h e  low pressure  steam system i n  t h e  

main bui lding.  

BOILER SELECTION 

Once it was decided t o  u t i l i z e  t h e  excess d i g e s t e r  gas  by producing 

steam, t h e  next  s t e p  was t o  determine t h e  s i z e  and type of b o i l e r  

b e s t  s u i t e d  t o  our  needs. 

3  An average of 1.0 x l o 6  f  t. /day of wasted d i g e s t e r  g a s  a t  650 BTU/ 

f t . 3  equals  650 x l o 6  BTU/day o r  27.08 x l o 6  BTU/hour. The steam 



g e n e r a t o r  e f f i c i e n c y  f o r  t h i s  type  of o p e r a t i o n  i s  80% and, t h e r e -  

6 6  f o r e ,  27.08 x 1 0  BTU/hour x .80 = 21.67 x 10 B T U / ~ O U ~  which a r e  

a v a i l a b l e  f o r  a c t u a l  steam product ion.  The h e a t  r e q u i r e d  t o  

0 r a i s e  t h e  f eed  wate r  t empera ture  210 F t o  s a t u r a t e d  steam a t  100 

p s i g  i s  found i n  t h e  steam t a b l e s  t o  be 977 BTU/hour/lb. Then 

6 21.67 x 10 BTU + 977 BTU/hour/lb. = 22,200 lb s . / h r .  o f  steam 

would be t h e  average o u t p u t  of  t h e  b o i l e r  r e q u i r e d  t o  burn a l l  

t h e  exces s  d i g e s t e r  gas .  The maximum and minimum l o a d s  were cal- 

c u l a t e d  t o  32,000 lb s . / h r .  and 10,000 lbs . /h r . ,  r e s p e c t i v e l y .  

From t h i s  it was dec ided  t o  use  two 35,000 lb s . / h r .  steam genera- 

t o r s .  Two u n i t s  were chosen t o  provide t h e  p l a n t  w i t h  a  back-up 

u n i t  t o  be used d u r i n g  r e p a i r s  and because t h e r e  i s  a p l a n  t o  

i n c r e a s e  t h e  d i g e s t e r  complex by 50%. The two u n i t s  f i n a l l y  

s e l e c t e d  were manufactured by Cleaver  Brooks- They a r e . r a t e d  a t '  

35,000 l b s . / h r . ,  100 p s i g  o p e r a t i n g  p r e s s u r e  and are t h e  wate r  

t ube  type .  I n  a d d i t i o n  t o  being a packaged u n i t  ( f o r  e a s y  i n s -  

t a l l a t i o n )  t h e i r  b u r n e r s  are designed t o  burn d i g e s t e r  g a s -  

MOTOR CONTROL AND COMPRESSOR SELECTION 

There i s  a va ry ing  amount of  excess  d i g e s t e r  g a s  produced t h a t  i s  

now being f l a r e d  o f f .  It has  been determined t h a t  t h e  d a i l y  range 

of  gas  f low i s  from 250 t o  700 cfm. However, i n  t h e  n e a r  f u t u r e ,  

t h e  d i g e s t e r  complex i s  t o  be expanded by 50% and s i n c e  methods 



are being studied to produce more gas, it was decided to obtain 

a compressor with a capacity range of 250 to 1400 cfm. Two 

compressors were ordered so that one could remain on stand-by. 

The gas conditions which the compressors must handle are: 

- Inlet conditions 

Specific gravity of gas: .86 to , 8 9  

Temperature : 95'~ 

Pressure : 4.75" to.5.75" water column 

Relative humidity : 100% 

Discharge conditions 

Pressure : 7 to 12 psi 

Temperature : 2 5 0 ~ ~  maximum 

Given these conditions, the compressors selected for this system 

are positive displacement, lobe type with ductile iron impellers 

that operate without rubbing and without liquid seals or lubri- 

cation. A double seal arrangement around the shafts prevents 

inward air leakage and outward gas leakage. The compressor 

suction is connected directly to the digester gas header as it 

is expected that no cleaning of the gas is necessary, After 
I 

compression, the gas passes through a cooler to remove as much 

moisture as possible. 
, . 

Since the only storage capacity for the gas is.i.n the 'interconnect- 
3 

in9  piping and a pressure 'vessel (2000 ' ft ... ) on the rite of the 



boilers, the gas must be removed and utilized at almost the same 

rate that it is produced. This means that the compressors must 

. be driven by an adjustable speed, direct current motor. 

A schematic of the overall system and the associated.pressure 

control system designed to control this system is shown in Fig. 4. 

Two gas pressure 'transmitters are installed in the gas header, one 

for each compressor. The transmitter puts out.electrica1 signals 

( 4  to 20 milli-amps) to the D.C, variable speed . . .  controller which 
. . . . 

regulates the speed of the motor in a manner that maintains. the 

pressure in the'digester gas header at 5..25" water column plus 

or minus 0 . 5 " .  

At the steam generating end, the gas at line pressure is stored 

in the 2000 it. vessel which will function as a buffer for the 

system. Due to the variable rate of gas production, it was felt 

that this vessel would dampen the fluctuations in fuel supply to 

the boilers, thereby having a more unif o m  steam output from 

the boilers. 

Incorporated into the.controls is an alarm system designed to pro- 

vide safety to the operation. The alarms, visual and audio, moni- 

tor such things as low gas header and compressor suction pressure, 

high discharge pressure and temperature and the presence of methane 

gas in the area. In these situations, the compressors are automa- 

tically shut down. 
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SUMMARY . .' 

) 

The cost of energy has increased greatly during the past few years. 

 his, in turn, has increased the value of digester gas to the point 

where maximum utilization is mandatory. A million cubic feet of 

digester gas is worth $593,125.00 in an equivalent amount of therms 

of-natural gas costing $0.24 per them. A comparison to the price 

of oil would further increase the value of digester gas. 

There are many methods and systems that can be employed to utilize 

digester gas. Several important considerations that should be taken 

into account in determining a system are capital expenditure, return 

on investment, compatibility with existing systems and maximum uti- 

lization of digester gas. These were the considerations that deter- 

mined the West-Southwest Plant would use digester gas fired water 

tube boilers to fully utilize digester gas. 




