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The objective of th i s  grant was t o  maintain a single stage anaerobic 

digester a t  Tarleton State University for  the purpose of providing a working 

prototype for  interested people i n  the area. During the 21 months the project 

was funded about 310 people visi ted the project. 

The importance of agriculture t o  the United States econow is i l lus t ra ted 

by the fact  the 3% of the population produces food for the res t  of the people. 

American agriculture requires intensive energy inputs; therefore, a shortage 

of energy w i l l -  have direct effect  on food cost which requires 13.5% of each 
- .  

dollar earded. Whereas 25-351 of each dollar equivalent' earned is  required 

by western ,Europeans. Par t  of the I1cheap foodv policy i n  the U.S. has been 

made possible because of inexpensive fo s s i l  'fuels of the past.' Cost of foss i l  

fuels w i l l  no doubt increase a t  a fas ter  ra te  i n  the future. If the  U.S. is 

t o  maintain a "cheap foodlI policy, the cost-competitive energy sources must 

be made feasible and adopted by potential users i n  agriculture. 

During the past decade, i'am animal  wastes have emerged as a major source 

of pollution of surface and ground waters. Because extremely cheap commercial 

f e r t i l i z e r s  and energy were readily available, these wastes were viewed by 

many farmers as a nuisance and often were treated as materials with l i t t l e  or  . 
. . 

no value. More stringent environmental controls, greater numbers of animals 

per farm, and widespread urban sprawl have made the management and disposal of 
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Three a l t e r n a t i v e s  are genera l ly  ava i l ab l e  t o  t h e  farmer f o r  

d i sposa l  of manure: 

I. Spread t h e  manure on t h e  land. 

Th i s  method is  p r a c t i c a l  i f  l a r g e  t r a c t s  of land with low human pop- 

u l a t i on  d e n s i t i e s  a r e  ava i l ab le .  

2. Process  t h e  manure. 

Th is  method may include drying t h e  manure f o r  l ives tock  feed  o r  f e r -  

t i l i z e r  use. 

. . 3. Convert by anaerobic d iges t ion.  . 

This  method conver ts  manure t o  a usable source of energy (methane) and 

produces an e f f luen t .which  r e t a i n s  a l l  f e r t i l i z e r  values  and is  environ- 

mentally acceptable.  

Pos i t i ve  environmental impact on cornuni t i e s  w i l l  a l s o  be s i gn i f i c an t  

'because l i ve s tock  operations and people can cohabit  t h e  same a r e a s  

peacefu l ly  . s ince  odors from l ives tock  wastes can be p r a c t i c a l l y  destroyed . 
. 

using t h e  anaerobic concept. F l i e s  t h a t  a r e  a t t r a c t e d  by o t h e r  waste 

d i sposa l  procedures w i l l  decrease when d ige s t e r  systems are used because 

excess waste and odors a r e  sealed i n  t h e  d ige s t e r s  and not  exposed. for  

food o r  as breeding grounds f o r  these  a e r i a l  pes t s .  

Residues from t h e  d i g e s t e r s  may a l s o  be used i n  t h e  a r ea  e i t h e r  as 

supplemental feed f o r  l i ve s tock  o r  as f e r t i l i z e r .  s it her w a y ,  a once . , 

use l e s s  waste i s  recycled i n t o  food and/or f i b e r  on a cost'-competitive 

ba s i s ,  

From a farmer'  s viewpoint, cheaper energy f o r  .heating 'homes, barns,  

chicken brooders, o r  swine n u s e r i e s  w i l l  be welcomed. The same energy 

source may a l s o  be used f o r  cooling homes, meat o r  milk coo le r s ,  and egg 

st.omge. Cattle feeding, whlc11 is the core of a g r i c u l t u r n l  income i n  many 



West Texas.communities, may c a p i t a l i z e  on anerobic energy f o r  feed proces- 

sing. 

The conversion of organic mate r ia l s ,  such as animal wastes, t o  an 

e a s i l y  u t i l i z a b l e  form of energy can be accomplished by a number of  

methods. The process  t h a t  appears t o  hold t h e  g r ea t e s t  immediate 

p o t e n t i a l  i s  t h e  anaerobic fermentation by which organic mate r ia l s  a r e  

converted t o  methane and o ther  gases, The ex t r ac t i on  of energy from wastes 

using anaerobic d ige s t i on  t o  produce bio-gas i s  not  new, and t h e  general  

technology i s  well  known. Bio-gas, t h e  k i n  cons t i t uen t s  of  which a r e  

methane and carbon dioxide,  has been known f o r  a long time as swamp gas, 

sew-er gas,  o r  f u e l  gas. 

EQUIPMENT AND PROCEDURES 

Demonstration P lan t  F a c i l i t i e s  

Figure 1 i s  a schematic diagra,m of t he  demonstration anaerobic 

d iges t ion  plant .  Fresh manure i s  loaded from hogs housed on s l a t t e d  

f loored concrete pens which a r e  completely covered. There a r e  between 

10,000 and 30,000 pounds of hogs on t h e  f l o o r ,  depending o n . t h e  season. 

Manure i s  a l s o  used from 3,000 lay ing  hens. The b i r d s  a r e  housed i n  

cages. .No a n t i b i o t i c s  o r  growth s t imulants  a r e  used i n  t h e  r a t i o n s  of 

e i t h e r  t h e  hogs o r  t h e  poultry.  

The .manure from t h e  poul t ry  i s  scraped t o  a p i t  at one' end of t h e  

l ay ing  house.and dumped i n t o  t h e  p i t .  Water i s  added t o  t h e  mate r ia l  t o  

form a slurry of 12 t o  1% t o t a l  so l i d s ,  so t he  manure can 'be pumped out 

of t h e  p i t  by a Marlow d i a p h m  mud pump and t ranspor ted by g r av i t y  flow 

t o  t h e  sump p i t  located a t . t h e  d iges te r .  The manure from t h e  swine 

feeding f l o o r  i s  t ranspor ted t o  t h e  anaerobic d ige s t e r  by g r av i t y  flow. 



Af te r  t h e  manure from t h e  poul t ry  o r  the,  swine, o r  pou l t ry  and swine 

manure mixed toge ther  i n  t h e  sump p i t ,  water i s  added t o  t h e  mate r ia l  t o  

form a s lu r ry  of 9-ll% t o t a l  so l ids .  The slurry i s  then pumped i n t o  a 

pre-mix tank where it i s  mixed f o r  about f i v e  minutes. The s l u r r y  i s  then 

allowed t o  s e t t l e  f o r  about two minutes. This  shor t  period of t ime i s  all 

t h a t  i s  needed t o  allow feed t o  s e t t l e  t o  t h e  bottom, and f o r  most material  

t h a t  w i l l  f l o a t  t o  r i s e  t o  t h e  top. Af te r  t h e  shor t  s e t t l i n g  per iod  t h e  

manure i s  loaded i n t o  t h e  d i g e s t e r  by grav i ty  flow. 

The anaerobic d ige s t e r  i s  14 f e e t  wide, 30 f e e t  long, and 10 f e e t  

deep. The w a l l s  and f l o o r  i s  concrete and t h e  top  i s  of f i be rg l a s s .  

F iberg lass  was used f o r  t h e  top  because of i t s  res i s tance  t o  corrosion,  

c o s t ,  and long l i f e .  The temperature wi thin  t h e  d ige s t e r  i s  held  a t  

95 degrees fahrenhei t  by a heat  exchanger. The heat exchanger i s  powered 

by some of t h e  gas produced by t h e  d i g e s t e r  and s o l a r  heating panels.  

- .. . 
. . . -.. The.mixing of slurry within t h e  d ige s t e r  is by r ec i r cu l a t i ng  t h e  gas. 

Th is  i s -done  by using a Root Lobe Compresser, model 315. The compresser 

i s  cont ro l led  by a time clock which i s  s e t  a ten  minutes p e r  hour of  

mixing time. 

The bio-gas i s  then passed through a gas scrubber which is  packed 

with i r on  sponges. Af te r  t h e  hydrogen su l f i de  has been removed, t h e  gas 

k s  then s to red  f o r  use. An a i r  compresser modified t o  compress combustable 

gases, i s  used t o  s t o r e  t h e  g a s . a t  about 125 psi .  Propane' tanks a r e  used 

f o r  t h e  s torage of t h e  gas t h a t  i s  then used f o r  heating,  cooling,  and 

o t h e r  power needs. 



ECONOMIC VALUE 

Digester  design 

The design of an on t h e  farm anaerobic d ige s t e r  should be based on 

severa l  parameters. Gas production from anaerobic d iges t ion  i s  a 

b io log ica l  function and not an engineering problem. The environmental 

requirments f o r  anaerobic d iges t ion  f o r  production of methane i s  wel l  

known ( F u l t o n ~  1979,. Hasimoto e t  al, 1979). An anaerobic d i g e s t e r  opera- 

t i n g  in t h e  mesophilic temperature range (95 degrees fahrenheitL35 degrees 

cent igrade)  would be t h e  most economical i n  - t h e  Southwest United.  S ta tes .  

Fluctuat ions  of g r ea t e r  than ' 2 can decrease bio-gas production. A . . ,  

higher  r a t e  .of gas production can be accomplished by mixing t h e  contents  

of t h e  digester .  Mixing prevents formation of an undesirable.scum on t h e  

surface,* and br ings  bac te r ia  i n t o  more immediate contact  with t h e  organic 

matter. PH of t h e  d ige s t e r  should be between 6.8-7.5. 

. . . . -  .R.:;second major f a c t o r  i n ,  t h e  design 'of a d ige s t e r  i s  t h e  g u a l i t ~  , . .. . . . . . . . 
.. - 

of l abor  t h a t  w i l l  be doing most of t h e  work with t h e  anaerob ic .d iges te r .  

The day t o  day operation of a d ige s t e r  w i l l  be done by a farm laborer .  

This  means that t h e  d iges te r  must be of simple design. F i scher  (1979) 

l is ts  condit ions which would i nd i ca t e  a s t ab l e  anaerobic d iges te r .  The 

. . eqipment iieeded t o  measure t he  six condit ions he l i s t e d  a re :  PH meter, 

drying oven, gas chromatograph, . . and an ashing furnace. The average farm 

l abo re r  could not ca r ry  out t h e  s i x  s t eps  suggested by Fischer.  

A t h i r d  major f a c t o r  i s  hydraulic re ten t ion  time. The longer  t h e  

manure i s  i n  t h e  d ige s t e r  t h e  more gas produced pe r  pound of manure, but 

t h e  longer  t he  un i t  needs t o  be. Correct design involves s e l ec t i ng  t h e  

best  trade-off between gas y ie ld  p e r  pound of manure and d i g e s t e r  

construction c o s t ,  For mesophilic systems 95 degrees P, r e t en t i on  t imes 



of 12 t o  16 days a r e  used. Another f a c t o r  i s  loading r a t e  which i s  

usua l ly  speci f ied  in terms of t h e  weight of v o l a t i l e  s o l i d s  added t o  t h e  

d i g e s t e r  d a i l y  p e r  u n i t  of d i g e s t e r  volume. The t y p i c a l  v o l a t i l e  

s b l i d s  loading r a t e s  a r e  0.2 t o  0.3 l b s .  vs/day/cu,ft. f o r  mesophilic 

d ige s t e r s .  

The fou r th  major f a c t o r  in d i g e s t e r  design and planning is  i n t e r -  

g r a t i n g  t h e  anaerobic d i g e s t e r  i n t b  a commercial pou l t ry  swine o r  d a i r y  

f a n .  A standard plan o r  design cannot be develped t o  f i t  a l l  farms and 

ranches. Transport ing the.manure t o  t h e  d ige s t e r ,  removing fo re ign  

substances from t h e  manure(dir t ,  rock, feed,  f e a the r s  o r  hay) w i l l  

be  d i f f e r en t  on each farm. Another problem with a standard design i s  how 

t h e  e f f l uen t  w i l l  be handled. Another problem with standard design i s  

energy usage; and energy usage i s  t h e  key t o  whether o r  not anaerobic 

d iges t ion  i s  economically feas ib le .  

Enerm U t i l i z a t i o n  . .  . . . , . , . - . - . .. . . . 

Much has been wr i t t en  on t h e  very l a r g e  anaerobic d i g e s t e r s  t h a t  

u t i l i z e  t h e  manure from thousands of c a t t l e  (~a sh imo to ,  gal, 1978 

Sweeten 1980). Two problems'seem t o  a r i s e  on a l l  of these  s tud ies .  The 

first problem i s  what t o  do with t h e  energy produced. Research at 

Tar le ton has shown t h a t  i f  t h e  energy t h a t .  i s  produced cannot be used on 

s i t e  i n  an energy e f f i c i e n t  way, t h e  anaerobic d i g e s t e r  on t h a t  farm is  

, t o o  l a rge .  The second problem i s  t h a t  many research workers put  a feed 

value  on t h e  d i g e s t e r  e f f l uen t ;  but Burford, e t  a1(1979), Maciel (1979), 

Zinn, e t  al (1979), Fulton (1980) have reported r e l a t i v e l y  low n u t r i t i o n a l  

va lue ,  poor p a l a t a b i l i t y  and o r  d i f f i c u l t y  i n  t he  handling of t h e  product. 

Animal manures do have a feed value,  but it i s  questionable a s  t o  whether 

anaerobic d iges t  ion increases this value.  



The productive use of t h e  energy produced i s  t h e  key t o  t h e  economic 

f e a s i b i l i t y  of anaerobic d iges te r s .  Anaerobic d i g e s t e r s  produce bio-gas 

constant ly  throughout. each 24 hour day. It i s  not economically f e a s i b l e  

t o  s t o r e  l a rge  q k n t i t i e s  of gas on t h e  farm. This  means t h a t  t h e  r z t e  

of gas usage needs t o  be roughly equivalent  t o  t h e  r a t e  of gas production. 

Required s tomge  would need t o  be l a r g e  enough i n  capacity t o  provide 

supplementary gas when t h e  r a t e  of usage exceeds t h e  r a t e  of bio-gas 

production. There a r e  several  p o s s i b i l i t i e s  f o r  t h e  use of bio-gas a t  

a r a t e  r e l a t i v e l y  c lose  t o  t h e  r a t e  of production. 

Heat inq 

Given any s i t ua t i on  where d i r e c t  heating i s  required,  bio-gas 

should be a po t en t i a l  energy source. Poss ib le  uses of heat  found on 

most f a m s  ' would be .domestic uses (cooking and hot water) , brooding of 

p ig s  and chickens, and hot wash water required f o r  poul t ry  or .da i ry  fzrms. 

C ooling 

There a r e  a number of cooling needs on fans t h a t  requ i re  energy 

where bio-gas use.could contr i5ute .  Poul t ry  operations requ i re  coolers  

f o r  eggs, and d a i r i e s  requ i re  cooling systems f o r  b d k  milk. Milk 

cooling presents  an addtional  developmental problem which may requ i re  

adaptation of equipment t o  by-pass water heat exchangers which have been 

developed using t r a d i t i o n a l  design t o  by-pass water c h i l l i n g ' i n  a conven- . 
. . 

t i o n a l  milk cooler. This would reduce t h e o r e t i c a l  energy inpu ts  by 

a,ppmxima.t el  y 50%. 

Feed aid Waste Processing 

Other po t en t i a l  energy needs on some farms include drying manure 

waste t o  el iminate f l i e s  and odor, o r  use as a feed ingredient .  Also, . . 

bio-gas may become cos t  prohibi t fve  i f  considered a part of t h e  same bio-gas 



energy use system, then  t h e  value of two otherwise uneconomical processes  

may be economically j u s t i f i e d ,  

Af te r  personal  communication with eng inee r s . a t  a Denver Sased 

manufacturing finn, p lans  f o r  t h e  f e a s i b i l i t y  of a g r a in  micronizer as 

a p a r t  of t h e  gas  use system were concluded. When micronizers a r e  oper- 

ated;there may be a build-up of excess heat  from t h e  micronizing process  

which can be used t o  e i t h e r  d ry  manure o r  recyc le  t h e  heat  i n t o  t h e  

d i g e s t e r  t o  support t h e  anaerobic system. Heat re turned t o  t h e  d i g e s t e r  

w i l l  spare bio-gas energy which would otherwise be used f o r  temperature 

maintenance. Using waste heat energy f o r  maintenance of d i g e s t e r  

temperature would inc rease  t h e  e f f i c i ency  of bio-gas outpnt. It is 

t h i s  p o s s i b i l i t y  of recycl ing -excess heat  f o r  manure drying o r  f o r  

supporting t h e  bio-gas generating system that can make these  mutually 

supporting systems economically f e a s ib l e .  

E l e c t r i c i t y  

Many farm operat ions  were developed with equipment dependent upon 

a source of e l e c t r i c a l  power; produced and d i s t r i bu t ed  by corporate  

power; conglomerates. The cos t  of e l e c t r i c i t y  i s  rap id ly  increas ing at  

a r a t e  comparable t o  t h e  cos t  of f u e l  sources such as na tu r a l  gas  o r  

f u e l  o i l  t h a t  a r e  used t o  generate i t ,  Since many farm a c t i v i t i e s  depend 
. . 

on e l e c t r i c a l  power, bio-gas should' be considered an a l t e r n a t i v e ,  source 

o f .  energy f o r  on-farm generation of e l e c t r i c i t y ,  Farm generation of 

e l e c t r i c a l  power could solve some of t h e  i nequ i t i e s  i n  d i s t r i b u t i o n  

of e l e c t r i c i t y .  A s  cu r ren t  xa tes  of c o s t s  of e l e c t r i c a l  energy inc rease ,  

e l e c t r i c a l  power from bio-gas may be more economical, 

On June 2, 1980, a 4000 cubic f e e t  anaerobic d i g e s t e r  was put i n t o  

operation at t h e  Agricul tura l  Center a t  'I 'arleton S t a t e  Universi ty,  
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Stephenvil le ,  Texas. The design of this anaerobic d i g e s t e r  i s  t h e  result 

of t h r ee  and one ha l f  years  of research i n  which t h e  major goal  was t o  

develope an anaerobic d ige s t e r  t h a t  would be p r a c t i c a l  and economical 

f o r  farms and ranches i n  Texas. 

This  d ige s t e r  can handle t h e  manure from 100 da i ry  cows o r  40 sows 

farrow t o  f i n i s h  o r  16,000 lay ing  hens. The d i g e s t e r  i s  fourte.en f e e t  

wide, t h i r t y  f e e t  long and t e n  f e e t  deep. The w a l l s  and f l o o r  are con- 

c r e t e  and t h e  roof i s  f i be rg l a s s .  The l i q u i d  l e v e l  i s  maintained by a 

weir  which al lows volume con t ro l  and anaerobic condit ions.  The contents  

o f  t h e  d ige s t e r  i s  mixed by r ec i r cu l a t i ng  gas  with a lobe  compresser. . 

The temperature in t h e  d ige s t e r  i s  maintained a t  95 degrees F 3y 

c i r c u l a t i n g  water through a heat  exchanger. The d i g e s t e r  i s  loaded 

d a i l y  with a 16 day r e t en t i on  time and 9% t o  10% t o t a l  so l i d s .  

The design of this d ige s t e r  minimized l abo r ,  management, and main- 

.. .. . - ' tenance requirements. Because t h e  gas  produced by anaerobic d iges t ion  - ..- . 

i s  flammable, precaut ions  were taken t o  e l iminate  a r e a s  where leaking 

gas  might accumulate. 

From da ta  co l l e c t ed  and information .gained from t h e  cont inual  

operation of this d ige s t e r ,  some r a t h e r  exact economic values  and cos t  

p ro jec t ions  can be d e r i l e d .  

To . i l l u s t r a t e  economic bene f i t s ,  t h e  fol lowing summary shows what 

can be rea l i zed  by using t h e  energy produced by d iges t ion  of t h e  manure 

from a 200,000 b i r d  l ay ing  operation,  o r  a  1,300 cow da i ry  operation,  

o r  a 530 sow, farrow t o  f i n i s h  operation. These f i g u r e s  a r e  based on 

research r e s u l t s  obtained at Tar le ton S t a t e  U ~ i v e r s i t y .  



200,000 Laying Hens 

GAS PRODUCTION 

Gas.production pe r  b i r d  p e r  day 1/3 cubic foo t  

Gas production p e r  200,000 bird/day 66,000 cubic f e e t  

2% used t o  heat d ige s t e r  during winter  16,500 cubic f e e t  

Bio-gas ava i lab le  p e r  day during winter  49,500 cubic f e e t  

ENERGY CONSUMPTION OF THE DIGESTER OPERATION 

Pre-mixing 480 K w h r  per  month 
. . 

Mixing of d ige s t e r  2,800 K w h r  p e r  month 

Gas compresser 

. 
E l e c t r i c i t y  ($.05/~whr) 

4,200 K w h r  p e r  month 

$378.00 pe r  month 

$4,536.00 per  year  

.. . . .. - 

The following pro jec t ions  a're based on t he  assumption t h a t  na tu r a l  

gas, propane and e l e c t r i c i t y  w i l l  increase  i n  p r i ce  by only 10% pe r  year,  

Value of bio-gas 49,500 cu.ft./day 

Propane based on 656 pe r  gal lon (93,000  allon) on) 

49,500 cu . f t .  x 600 BTU p e r  foot= 29,700,000 RTU 

29,700,000 f 93,000= 319.35 gal lon of propane p e r  day 

319.35 gal lon x $.65 ( cos t  of a gal lon of propane) =$207. pe r  day 

$207.58/day x 365= 75,766-70 first year 



Value of bio-gas 49,500 c u . f t  ./day 

N a t u -  gas based on $4.00/1,000,000 BTU 

49,500 c u o f t o  x 600 BTU p e r  f e e t =  29,700,000 BTU 

29,7 mill ion BTU p e r  day 

$118.80 x 365 = $43,360 f i r s t  year  

Cost of Anaerobic Digester  

45,000 cu.ft .  20 x 15 x 150 f t .  

. Concrete s ides ,  bottom, reinforced,  insula ted,  buried i n  t h e  ground 

. - - . . - . - . . Fiberglass  top  so as t o  use s o l a r  energy during t h e  summer 

Digester  contains heAt exchanger with b o i l e r  modified t o  use bio-gas 

Manure pre-mixing, gas scrubbing, d ige s t e r  mixing, equipment 

buirding and a gas compresser 

Cost of const ruct ion $6.25 p e r  cubic foot  of d ige s t e r  $281,250 

$281, 250 a t  12% i n t e r e s t  f o r  4 years= $350,397 ..- 
. . 

Maintenance i n t e r e s t  and debt, . ret.irement = $380,397 . 

Maintenance . $7,500 pe r  year  = $30,000 

Value of propane---4 year---$386,767 

The grea tes t  demand f o r  energy during t h e  summer i n  t h e  South and 
. . 

Southwest p a r t s  of t h e  U.S. i s  e l e c t r i c i t y .  E l e c t r i c i t y  i s  a major 

form of energy t h a t  i s  rquired on most farms i n  Texas. The highest  

demand occurs during t he  six warmest months of t h e  year. It i s  during 

this period of time t h a t  t h e  most energy i s  ava i lab le  from an anaerobic 

d iges te r .  Data ind ica tes  t h a t  about 8% of t h e  energy produced i s  

required t o  tnaf i i tain d ige s t e r  terrrpemture. Instead of 49,500 Cu,F.L, 



of bio-gas ava i lab le  f o r  use, 60,720 cu. f t .  would be ava i lab le .  When t h e  

need f o r  heat (hot  water, brooding chickens, domestic, e t c . )  would be at 

a m i n i m u m ,  t h e  bio-gas could be used t o  f u e l  an engine t o  generate 

e l e c t r i c i t y .  The research a t  this s t a t i o n  has not ye t  been completed 

as t o  measure t h e  economic f e a s i b i l i t y  of converting t h e  energy in bio-gas 

t o  e l e c t r i c i t y .  ' 

If a 2246 (sweeten 1980) conversion e f f ic iency  with an i n t e r n a l  

combustion engine can be reached, t h e  following values can be expected: 

Gas Production (6% methane 40% C O ~ )  200,000 hens 

Gas produc tion/hen/day 1/3 cu . f t .  

Gas produc tion/200,000 birds/day 66,000 c u. f t . 
8% used t o  heat digester(summer) 5,280 cu. f t  ./day 

2 s u s e d  t o  head digester(winter)  16,500 cu. f t  ./day 

  as ava i lab le  180 days summer .60,720 c u . f t  ./day 

. .. . - . . . . . . . . Gas ava i lab le  18.0 days winter  - ' 4 9 ;  500 cu ; f t  ./day 
. . . . . - . . 

9 
Using t h e  energy that i s  ava i lab le  during t h e  summer t o  generate 

e l e c t r i c i t y  (2% conversion) and t h e  energy t h a t  i s  ava i l ab l e  in t h e  winter 

as a d i r e c t  source of heat ,  a value f o r  t he  energy produced can be estimated. 

E l e c t r i c i t y  has a value of $.05/~whr, and t h e  p r i c e  of propane i s  

. $..6'j/gallon. If t h e  cos t  of energy increases  a t  a modest. 1% annually,  

t h e  t a b l e  shows t h e  value of e l e c t r i c i t y  and propane t h a t '  could be 

expected over a f i v e  year period.  



E l e c t r i c i t y  2,350 ~ w h r / d a ~  

1982 $24,322 

Propane. 319 g a l l o n s / d a ~  

$43,565 

Cost of Construction $6.25 p e r  cubic foot  . . 

Tota l  $281,250 

$281,250 at.1% i n t e r e s t  f o r  5 years  $365,625 

Maintenance $12,500 pe r  year' $50,000 

Maintenance, i n t e r e s t ,  and debt ret irement= $417,351 

Value of energy----5 years' $457,659 

Conclusions 

Anaerobic digest ion f o r  t h e  production of energy seems t o  be a f f ec t ed  

by t h e  following: 

1. The a b i l i t y  t o - adap t  t h e  energy system t o  t h e  farming 

opelxt  ioii. 

2. .Eff ic ient  u t i l i z a t i o n  of al l  energy produced. 

. 3. Heat recyclilig from i n t e r n a l  combustion engines. t h a t  

a r e  used f o r  production of methane. 

4.. . It appears from research data t h a t  t he  minimum s i z e  of 

farms for anaerobic digest ion systems are:  

Foultry------ 40,000 laying hens (cages) 

. Swine 100 sows-farrow t o  f inish--concrete s l a t s  

Dairy Cows---Depends 'on management of t h e  da i ry  herd. 
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