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TVA Lntegrzced Onfarm Alcohol Product ion system 

Annual Report 

h 
Summary 

Th i s  c o n t r a c t  has  provided f o r  t h e  documentation of t h e  f e a s i b i l i t y  of f u e l  

a l c o h o l  product ion  w i t h  sllzll onfarm f a c i l i t i e s ,  and f o r  t h e  d e s i g n  and 

c o n s t r u c t i o n  of an e f f i c i e n t  and e a s i l y  cons t ruc t ed  product ion  f a c i l i t y .  

A f e a s i b i l i t y  s tudy  and a p r d i m i n a r y  d e s i g n . r e p o r t  Kave been prepared.  A 

pro to type  f a c i l i t y  h a s  been designed and cons t ruc t ed  wi th  a d e s i g n  product ion  

r a t e  of 1 0  g a l l o n s  p e r  hour 'o f  190-proof e thanol .  The components of t h e  

f a c i l i t y  a r e  r e a d i l y  a v a i l a b l e  through normal equipment supply  channels  

o r  can be  p r i m a r i l y  owner-cosstnicted. Energy e f f i c i e h c y  w a s  a l s o  of 

prime cons ide ra t ion  i n  t he  des ign ,  and h e a t  r e c w e r y  equipment is inc luded  

where p r a c t i c a l .  A renewable f u e l  b o i l e r  i s  used f o r  p roces s  hea t .  

Appl icable  s a f e t y  s t a n d a r d s  a d  environmental requi rements  were a l s o  

inco rpora t ed  i n t o  t h e  design. 

Other  p r o j e c t  a c t i v i t i e s  inc luded  .modif icat ion of a pickup t r u c k  t o  u s e  . t he  

hydrous a l c o h o l  produced, e v t l u a t i o n  of vacuum d i s t i l l a t i o n  f o r  onfarm u n i t s ,  

and development of a c o q u t e r  program t o  a l low d e t a i l e d  economic a n a l y s e s  of 

f u e l  a l c o h o l ' p r o d u c t i o n .  

E f f o r t s  wer.e a l s o  i n i t i a t e d  t o  e v a l u a t e  nongrain f eeds tocks ,  develop a . 

pre l imina ry  des ign  f o r  a low-cost wood-fired b o i l e r ,  and e v a l u a t e  packed 

d i s ~ i l l a t i o n  columns cons t ruc t ed  of p l a s t i c  pipe.  

Ob jec t ive  and Procedure .  

\ 

* .The .pu rpose  of t h e  p r o j e c t  vrs t o  des ign  and c o n s t r u c t  an  economical 

farm f u e l  a l c o h o l  product ion  system s i z e d  t o  produce 1 0  g a l l o n s  of  190-proof 

a l c o h o l  pe r  hour and be capable  of meet ing an  i n d i v i d u a l  f a r m e r ' s  f u e l  

needs. The system was t o  b e  des igned  t o  i n t e g r a t e  i n t o  t h e  fa rmstead  i n  a 

manner compatible  w i t h  t h e  ecology and o t h e r  a g r i c u l t u r a l  a c t i v i t i e s .  'The  

completed system would serve as a b a s i s  f o r  concept demonst ra t ion  on  

Volley farms and as a d e n u u i u a t l o u  of a .workit& small-scaf e d i s t f  l la . t ion 



s ~ s t e m .  The f i n a l  accomplishments would inc lude  a s t r eng thened  n a t i o n a l  
' 

s e c u r i t y  by p r o t e c t i o n  of t h e  l o c a l  food supply, p r o t e c t i o n  of t h e  p u b l i c  

v s l f a r e  by e s t a b l i s h i n g  f a c t s  r e l a t e d  t o  f u e l  a l c o h o l ~ p r o d u c t i o n  and u s e ,  

ara ed,ucating t h e  p u b l i c  t o  t h e s e  f a c t s .  

T i e  procedure f o r  achiev ing  t h e s e  o b j e c t i v e s  was t o  (1)  perform a  f e a s i b i l i t y  

s rudy  , i nc lud ing  an environmental  impact r e p o r t  ; (2) d e s i g n  a  product ion  

, s t s t e m  based on t h e  f e a s i b i l i t y  s tudy  and p r o j e c t  o b j e c t i v e s ;  ( 3 )  c o n s t r u c t ,  

o?e ra t e ,  t e s t ,  and opt imize  t h e  designed product ion  u n i t ;  and (4) u s e  

aad  e v a l u a t e  t h e  f u e l  produced. 

F e a s i b i l i t y  Study - Summary of ~ i n d i n ~ s  

A d r a f t  f e a s i b i l i t y  s tudy  e n t i t l e d  "Prel iminary Assessment f o r  Producing 

F a e l  Alcohol from A g r i c u l t u r a l  Crops i n  t h e  Tennessee Va l l eyV,was  f i n a l i z e d  

ia J u l y  1980 and submit ted t o  DOE and o t h e r s  f o r  review. These review 

c o m e n t s  a r e  p r e s e n t l y  be ing  incorpora ted  i n t o  a  d r a f t  f o r  f i n a l  review 

and subsequent p u b l i c a t i o n .  

Topics  covered i n  t h e  f e a s i b i l i t y  r e p o r t  inc luded  energy u s e  i n  a g r i c u l t u r e ,  
. . 

a g r i c u l t u r a l  p roduct ion  i n  t h e  Tennessee Val ley ,  r e s u l t a n t  environmental  

k p a c t s ,  f u e l  a l c o h o l  product ion  c o s t s ,  and advantages and d isadvantages  

o Z . f u e l  a l c o h o l  product ion.  The r e p o r t  showed t h a t  l i q u i d  f u e l s  accounted 

f o r  '49 pe rcen t  of U. S. a g r i c u l t u r a l  energy .  consumption; of t h i s  t o t a l  
' 

consumption, g a s o l i n e  consumption accounted f o r  17 :percent  and d i e s e l  

f u e l  28 pe rcen t  w i th  f u e l  o i l s  accounting f o r  t h e  ba lance  o f  t h e  l i q u i d  

f u e l s  . 

The t y p i c a l  Va l l ey  farm has  125 ac re s .  About 20 t o  25 p e r c e n t  of a 

farins' l and  would be r e q u i r e d  t o  achieve  l i q u i d .  f u e l  s e l f - s u f f i c i e n c y  if 

corn  were used as t h e  feeds tock .  The u s e  of sweet sorghum would reduce  

t-his f i g u r e  by one-half.  .Current  a l coho l  product ion  w i l l  b e  l i m i t e d  t o  

f e r n e n t a b l e  carbohydra te  f eeds tocks ,  such as corn,  u n t i l  t h e  technology 

t o r  other- f eeds tocks  is  developed. 

Depending on economic r e t u r n s ,  t h e  swi tch  t o  a l c o h o l  f u e l s  may r e s u l t - i n  

u s e  of margina l  farmland. Such l and  g e n e r a l l y  h a s  less p r o d u c t i v e  

s o i l s ,  s t e e p e r  s l o p e s ,  and i s  l e s s  eff icienr  i n  u t i l i z i n g  wa te r  and 



' f e r t i J $ z e r ,  Erosion c o n t r o l  i s  t h e  primary concern with marginal  l a n d  

use .  E f f e c t i v e  methods of e ros ion  c o n t r o l  a r e  known, but  implementation 

w i l l  r e q u i r e  farmer cooperat ion and education. The a l lowance . fo r  s o i l  

mismanagement on marginal  farmland i s  small  and t h e  consequences cam be 

long l a s t i n g .  

Environmental impacts a s soc ia t ed  wi th  feeds tock production w i l l  be in f luenced  

g r e a t l y  by t h e  c r o p ' s e l e c t e d  by t h e  farmer. For tuna te ly ,  t h e  most 

promising feeds tock crop,  sweet sorghum, may be grown using known proven 

c u l t u r a l  p r a c t i c e s  t h a t  minimize s o i l  e ros ion ,  

The f e a s i b i l i t y  r e p o r t  a l s o  ind ica ted  t h e  p o t e n t i a l  f o r  onfarm f u e l  

a l coho l  production.  Alcohol of u p ' t o  192-proof concen t ra t ions  may b e  

obta ined  wi th  an alcohol-water d i s t i l l a t i o n  system, an# . t h i s  t e c h d o g y  

h a s  been known and p r a c t i c e d  f o r  years .  A t  192 proof,  an azeo t rope  . 

concen t ra t ion  is  reached and equal  amounts of .a lcohol  and water  v a p r  a r e  

g iven  o f f  a s  t h e  mixture  i s  heated.  Fur ther  sepa ra t ion  r e q u i r e s  o t h e r  
-. 

cfiemicals and more c o s t l y  and s o p h i s t i c a t e d  equipment. For t h i s  reason;  

farmstead a l coho l  production systems a r e  p r imar i ly  l imi t ed  t o  p r o o f s  a t  

o r  below 192. Since proofs  of 197 o r  h igher  a r e  requi red  t o  m i x  ~ 5 t h  

gaso l ine  t o  make gasohol,  farm systems a r e  r e s t r i c t e d  t o  us ing  t h e  f u e l  

d i r e c t l y  o r  sending i t  o f f  t h e  farm f o r  f u r t h e r  processing t o  an  anhydrous 

farm. 

The use  of byproduct-spent g r a i n s  i s  e s s e n t i a l  f o r  economic s u c c e s s  f o r  

u n i t s  using a feed g r a i n  a s  feedstock.  For onfarm u n i t s ,  t h e  use  of 

w e t  s t i l l a g e  f o r  animal feeds  has p o t e n t i a l .  Most animals can u t i l i z e  

t h e  feed  va lue  of s t i l l a g e  wi thout  being d r i e d ,  providing maximum economic 

r e t u r n  wi th  t h e  l e a s t  energy expenditures.  

. .The production o f ' b e e f  c a t t l e  and hogs ' a re  t h e  primary l i v e s t o c k  

e n t e r p r i s e s  i n  t h e  Val ley  region.  Both k inds  of animals can r ead iPy  . 

u t i l i z e  t h e  wet s t i l l a g e  by-product as feed.  

The energy balance f o r  a lcohol  production depends on t h e  . q u a l i t y  o'f t h e  

product ,  t h e  phys ica l  n a t u r e  of t h e  production process ,  and t h e  i n i t i a l  

po in t  of c a l c u l a t i o n .  Processing energy c o s t s  wi th  modern technology 

are less than  one-half t h e  energy contained i n  t h e  f i n a l  product .  



Product ion  c o s t s  a r e  con t ingen t  on feeds tock ,  equipment, i n t e r e s t  and 
' 

o p e r a t i n g  expenses,  p l u s  t h e  byproduct c r e d i t .  When corn is  used a s  

t h e  f eeds tock ,  e s t i m a t e s  g e n e r a l l y  i n d i c a t e  c o s t s  of $1.40 t o  $1.80 per  

g a l l o n  a f t e r  by-product c r e d i t s  of $0.30 t o  $0.40 per  g a l l o n  a r e  i nco rpora t ed .  

The fo l lowing  advantages were n o t e d . f o r  f u e l  a l coho l  product ion  from 

a g r i c u l t u r a l  crops.  

1. Reduced dependency on f o r e i g n  o i l .  

2 .  .Reduced t r a d e  d e f i c i t .  

3 .  Development of a  renewable source  f u e l .  

4 . '  Reduct ion in government subs id i e s .  

5. Inc reased  compet i t ion  i n  t h e  energy f i e l d .  

6. P o s i t i v e  environmental impact through waste u t i l i z a t i o n  and fewer 
i n t e rna l . combus t ion  engine exhaust  emissions.  

7 .  Does n o t  decrease  p r o t e i n  c o n t e n t s  when g r a i n s  a r e a u s e d  as f eeds tocks .  

8. Uses known technology t h a t  i s  no t  complex. 

The f o l l l o w i n g  d isadvantages  were a l s o  noted.  

1. Fuel  a l c o h o l  i s  only  a p a r t i a l  answer t o  t h e  energy problem. 

2 .  The economics of product ion  are c u r r e n t l y  marginal .  

3 .  Engine mod i f i ca t ions  a r e  necessary  t o  u se  f u e l  a l coho l .  

4. Inc reased  use  of t a x  exempt a l c o h o l  would reduce revenue a v a i l a b l e  
f o r  road  c o n s t r u c t i o n  and maintenance. 

5. The qiiestiofis surroullclillg Ll~e Suud v e r s u s  f u e l  conrroversy have n o t  
been f u l l y  answered s a t i s f a c t o r i l y  and a r e  s e n s i t i v e  i n  r e l a t i o n  t o  
world p o l i t i c s .  

6. Large-scale  a l c o h o l  product ion  may s i g n i f i c a n t l y  impact g r a i n  p r i c e s .  

7. Undes i rab le  environmental  impacts  may occur as a r e s u l t  of u s e  of 
marg ina l  l and  o r  by t h e  improper handl ing  of t h e  was tes  gene ra t ed .  

Regula t ions  Af fec t ing  Design 

Environmental and s a f e t y  requi rements  and r e g u l a t i o n s  governing t h e  

handl ing  and use  of d i s t i l l e d  s p i r i t s  had t o  be a s se s sed  be fo re  f a c i l i t y  

des ign .  



The primary Fede ra l  r e g u l a t i o n s  governing t h e  use  of d i s t i l l e d  s p i r i t s  

and having impact on des ign  were a s  fo l lows:  

I I  1. Design and c o n s t r u c t i o n  of f a c i l i t y  . . . main ta in  s e c u r i t y  adequate  
t o  d e t e r  d i v e r s i o n  of t h e  s p i r i t s .  " 

2.  Provide  f o r  a  means . . . " to  determine and r eco rd  t h e  q u a n t i t i e s  of 
s p i r i t s  produced, r ece ived ,  rendered u n f i t  f o r  beverage use ,  and 
used o r  removed from t h e  premises." 

a 

11 3 .  Provide  f o r  a  means t o  . . . render  t h e  s p i r t s  u n f i t  f o r  beverage 
use. " 

F u l f i l l i n g  t h e s e  requi rements  a l s o  f u l f i l l e d  a p p l i c a b l e  s t a t e  and l o c a l  

codes r e l a t e d  t o  t h e  handl ing  of d i s t i l l e d  s p i r i t s .  
. . 

-- 

Fede ra l  EPA r e g u l a t i o n s  governing .air and water q u a l i t y  a r e  enforced  by 

t h e  r e s p e c t i v e  s t a t e s .  The b o i l e r  system e l e c t e d  had t o  have maximum 

s t a c k  emissions of l e s s  t han  0.02 g r a i n s  per  SCF a t  50 pe rcen t  exces s  a i r  

and meet o p a c i t y  s tandards .  F l o o r ' d r a i n  was tes  were s p e c i f i e d  t o  be  

hgndled w i t h  a  s e p t i c  tank,  g r a v e l  f i l t e r  bed, and sod f i l t e r  s t r i p .  

Sa fe ty  r e g u l a t i o n s  s p e c i f i e d  ... t h a t  components w i t h i n  t h r e e  f e e t  of t h e  

f l o o r  of an  enclosed.  b u i l d i n g  and with.in e i g h t  f e e t  of t h e  columns had 

t o  be explos ion  proof .  Forced v e n t i l a t i o n  wi th  f a n s  mounted c l o s e  t o  

t h e  f l o o r  was r equ i r ed  dur ing  d i s t i l l a t i o n  i n  an enclosed bu i ld ing . .  

Standard s a f e t y  i n t e r l o c k s  and p r e s s u r e  r e l i e f  v a l v e s  were s p e c i f i e d  f o r  

t h e  b o i l e r .  The b o i l e r  had t o  be a t  l e a s t  25 f e e t  from t h e  d i s t i l l a t i o n  

and a l coho l .  s t o r a g e  sites. S t a n d a r d s , a l s o  d i c t a t e d  v e n t i n g  and grounding 

requi rements  f o r  t anks  and s i m i l a r  components. Alcohol s t o r a g e  g r e a t e r  

t han  1 ,000  g a l l o n c , h s d  t o  be  underground and away from t h e  bu i ld ing .  

~bove-ground a l c o h o l  s t o r a g e  had t o  be w i t h i n  a  d iked  a r e a  s u f f i c i e n t  t o  

' hold t h e  e n t i r e  c o n t e n t s  of t h e  tank  and each tank  had t o  be diked 

s e p a r a t e l y .  Adequate f i r e  p r o t e c t i o n ,  s a f e t y  showers, and o t h e r  pe r sonne l  

p r o t e c t i o n  measures a r e  a p p l i c a b l e  t o  smal l - sca le  f a c i l i t i e s .  . 

F a c i l i t y  Design and c o n s t r u c t i o n  Summary 

Based on t h e  f e a s i b i l i t y  r e p o r t  f i n d i n g s ,  a p p l i c a b l e  r e g u l a t i o n s ,  .and 

p r o j e c t  o b j e c t i v e s ,  t h e  fo l lowing  f a c t o r s  were used t o  des ign  t h e  expe r i -  

menta l  f a c i l i t y :  



I. . T n 2  system would have a  product ion  c a p a c i t y  of 10,000 g a l l o n s  of 
f x d - g r a d e  a l coho l  dur ing  a  3- t o  4-month per iod  annual ly .  

2. C e x  ~ . o u l d  be used a s  t h e  i n i t i a l  f eeds tock  wi th  o t h e r  f eeds tocks  
t c  be eva lua ted  a s  r a p i d l y  a s  t ime permits .  

3 .  -:- renevable  f u e l ,  o r  p o s s i b l y  c o a l ,  would be used f o r  cooking and 
d i s t i l l a t i o n  energy. 

. T-rrz des ign  should be s imple  i n  c o n s t r u c t i o n ,  u s ing  r e a d i l y  a v a i l a b l e  
z t e r i a l s  and off- the-shelf  components, t o  f a c i l i t a t e  farmer c o n s t r u c t i o n  
zzd t o  minimize expenses.  

5. C c n t r o l s  would be kept  a s  s imple  a s  economics and performance permi t ted .  

6 .  The System would r e q u i r e  minimal l a b o r  t o  ope ra t e .  

7 .  . So e f f o r t  would be made t o  d ry  t h e  s t i l l a g e ,  p r i m a r i l y  based on economics. 

8, So z t tempt  would be  made t o  produce a l c o h o l  i n  excess  of 192 proof .  

Bzsed on t h e s e  g u i d e l i n e s ,  t h e  system would be designed and system components 

vould be e i t h e r  cons t ruc t ed  o r  purchased a s  commercially a v a i l a b l e  items. 

.rice methods of d i s t i l l a t i o n  were i n i t i a l l y  cons idered:  (1) a  

"pot" s t i l l ,  (2) a  vapor  f eed  d i s t i l l a t i o n  column wi th  an  w a p o r a t o r  f o r  t h e  

f e e t ,  and (3) a l i q u i d  f eed  d i s t i l l a t i o n  system. The method.of  d i s t i l l a t i o n  

chosen vould d i c t a t e  o v e r a l l  f a c i l i t y  design.  

- 
ine "pot" s t i l l  was e l imina ted  because of t h e  exces s ive  d i s t i l l a t i o n  energy 

r e q u i r e n e n t  and slow product ion  r a t e s .  Pot  s t i l l s  a r e  a l s o  more d i f f i c u l t  

t o  o p e r z t e  s a f e l y  s i n c e  an open f lame i s  normally used i n  c l o s e  proximity 

to che  s t i l l .  Other problems a s s o c i a t e d  w i t h  pot  s t i l ls  i n c l u d e  mash 

scorching  on t h e  bottom of t h e  cook pot ,  d i f f i c u l t y  i n  r e g u l a t i n g  temperature 

~5ti s o l i d  f u e l s ,  and t h e  problem of c o n t r o l l i n g  and p rov id ing  i n c r e a s i n g  

energy es t h e  a l c o h o l  i s  d i s t i l l e d .  

T i e  v q o r  f e e d  column has  a h igh  energy requirement  due t o  t h e  evapora tor  

reqrr i red ( s i m i l a r  t o  a po t  s t i l l )  and t h e  h igh  . r e f l u x  r a t i o  (35 t o  40) 

r equ i r ed .  The evapora tor  i n c r e a s e s  t h e  f a c i l i t y  c o s t  and can  have scorching  

p r o 3 l e a s  s i m i l a r  t o  t h e  pot  s'till. 

For  t h e s e  r ea sons ,  t h e  l i q u i d  f eed  d i s t i l l a t i o n  column was s e l e c t e d  and t h e  

calm des ign  developed us ing  a  1,000-pound feedstock bas i s .  The column des ign  

for t h e  exper imenta l  f a c i l i t y  w a s  t hen  sca l ed  f d  a p roduc t ion  r a t e  of approximately 



, n i n e  g a l l o n s  pe r  hour ( a s  d e s i r e d  by DOE). This  r a t e  would produce 10,000 

g a l l o n s  of a l c o h o l  i n  46 days of cont inuous d i s t i l l a t i o n  o r  approximately 

70,000 g a l l o n s  i n  a  year  w i t h  320 days of ope ra t ion .  P l a n t s  of d t h e r  

product ion  c a p a c i t i e s  could be sca l ed  from t h e  d e s i g n .  informa t i o n .  

The fo l lowing  s p e c i f i c  f a c t o r s  were used i n  t h e  colbrnn des ign .  

* 1. Feedstock--Slurry of approximately 25 percent  s o l i d s  of a  maximum 
20-mesh p a r t i c l e  s i z e  and 8-volume percent  e thanol .  

2. Product  recovery--Recover 95 percent  of e thano l  i g  t h e  feed.  

3. Product  quality--Product t o  be.95-volume percent  e thano l  (190 p r o o f ) .  

The process  f low r a t e s  and parameters  as designed a r e  shown i n  f i g u r e  1. 

Heat exchangers  were designed i n t o  t h e  system t o  recover  process  

was te  hea t  and reduce d i s t i l l a t i o ' n  energy r e q u i r e m e n t i  by approximate ly  

one-third.  . . 

Grain handl ing  equipment w a s  s e l e c t e d  from commercially a v a i l a b l e  s o u r c e s  

and inc luded  a 7.5-ton bu lk  s t o r a g e  b i n  f o r  ground corn,  4-inch 

d iameter  t r a n s f e r  augers ,  and..an au tomat ic  weigher. Due t o  t h e  f a c t  t h a t  most 

farms have some means of prepar ing  f eeds ,  i t  w a s  decided t o  purchase  ground 

co rn  from a l o c a l  f eed  company i n s t e a d  of purchasing a  hammermil1,for o n s i t e  

gr inding .  

k 750-gallon, s t a i n l e s s  s t e e l  t ank  s u i t a b l e  f o r  conversion i n t o  a  

cook t ank  was loca t ed  as TVA s u r p l u s . .  A coo l ing  c o i l  c o n s i s t i n g  of 108  f e e t  

of  2-inch d iameter  mild s t e e l  p ipe  and a  c i r c u l a r  pe r fo ra t ed  p ipe  for . .  

steam i n j e c t i o n  were designed,  cons t ruc t ed ,  and i n s t a l l e d  i n  t h e  cook t ank .  

A c o I k e r c i a l l y  a v a i l a b l e  propel le r - type  a g i t a t o r  was s e l e c t e d  and a l s o  

i n s t a l l e d  i n  t h e  cook tank. 

~ l a t - b o t t o m  polypropylene t anks  (3 @ 1,500 g a l l o n s )  commerc ia l l i  a v a i l a b l e  

as l i q u i d  f e r t i l i z e r  s t o r a g e  tanks  were purchased f o r  f e rmen ta t ion  

tanks .  Three s r e e l  ranks of over.4,000 g a l l o n s  r o r a l  capac f ry .were  

l o c a t e d  as TVA su rp lus  and s e l e c t e d  f o r  s t i l l a g e  s t o r a g e  tanks.  Two 

skid-mounted s tandard  mi ld  s t e e l  f u e l  s t o r a g e  t anks  of 550 and 280 

g a l l o n s  were purchased f o r  a l c o h o l  s t o r a g e  tanks .  
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. D i s t i l l a t i o n  columns were cons t ruc t ed  us ing  8.-inch d iameter  mild s t e e l  

p ipe  and mild s t e e l  f i t t i n g s .  The columns were s p l i t  a t  t h e  feed  p l a t e  

t o  reduce o v e r a l l  he igh t .  Packed columns were used t o  ma in t a in  s i m p l i c i t y ,  

t o  minimize c o s t s ,  and t o  provide  ease  of c leaning .  Commercially 

a v a i l a b l e  0.625-inch p a l l  r i n g s  and 0.5-inch polypropylene spheres  

were. used f o r  t h e  r e c t i f y i n g  and s t r i p p e r  column packings r e s p e c t i v e l y .  

A concen t r i c  p ipe  hea t  exchanger provid ing  over ,  UO f t 2  of h e a t  exchange 

s u r f a c e  was cons t ruc t ed  o u t  of s tandard  copper tube  ( type  L) and f k t t i n g s  

t o  recover  product and s t i l l a g e  waste  h e a t  and prehea t  t h e  incoming 

bee r  feed .  A s t e e l  frame wi th  a - t o p  deck was designed and cons t ruc t ed  

t o . s u p p o r t  t h e  columns and h e a t  exchanger and provide  acces s  t o  t h e  column 

t o p  sec t ion .  
. .  . . . . 

A 20-gallon, mild s t e e l  r e f l u x  tank  and shell-and-tube c d n d e n ~ e r  were 

purchased l o c a l l y .  The condenser provided 16  f t 2  of h e a t  exchange s u r f a c e  

t o  be used wi th  water  f lowing  i n  t h e  tubes  ( t o  f a c i l i t a t e  c l ean ing  i f  

f o u l i n g  occurred) .  Condenser du ty  was s i z e d  a t  140,000 Btu/h wi th  a water  

AT of 30" F. Water AT was kept  low t o  minimize s c a l i n g .  

A n  automated 20-hp package b o i l e r  system (Rettew Assoc ia t e s )  capable  of 

burning wood c h i p s ,  sawdust,  wood shavings,  chicken l i t t e r  , or. ground ' 

co rn  cobs was purchased. The system came complete w i t h  s t a c k ,  10-ton 

f u e l  s t o r a g e  b i n ,  and conveyor t o  feed  f u e l  from s t o r a g e  t o  t h e  b o i l e r .  

Another conveyor w a s  purchased t o  t r a n s f e r  f u e l  i n t o  t h e  s t o r a g e  b i n  as 

unloaded from a d e l i v e r y  t ruck .  

The b o i l e r  system was s p e c i f i e d  a s  low-pressure, 15-psig steam t o  minimize 

r e g u l a t o r y  and ope ra to r  requirements .  Both cooking and d i s t i l l a t i o n  

were chosen t o  be by l ive-steam i n j e c t i o n .    his would s i m p l i f y  maintenance, 

minimize scorching  on ho t  s u r f a c e s ,  and s i m p l i f y  t h e  system by e l i m i n a t i n g  

condensa te  r e t u r n  components. . 

Once major components were f i n a l i z e d ,  t h e  f a c i l i t y  l a y o u t  w a s  determined. 

~ o s t  components were placed i n s i d e  a  b u i l d i n g  t o  p r o t e c t , t h e m  froxi t h e  

. , w e a t h e r  ( e s p e c i a l l y  r a i n  and f r e e z i n g  tempera tures)  and t o  reduce  t h e "  

e f f e c t  of ambient cond i t i ons  on t h e  process  ( s e e  f i g u r e  2 ) .  S t i l l a g e  

arld grain s t o r a g e  tanks  w e r e  placed outside t h e  b u i l d i n g  t o  reduce  space  
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requi rements  and t h e  b o i l e r  system a d  a l coho l  s t o r a g e  t znks  were 

l o c a t e d  away frdm t h e  bu i ld ing  f o r  s z f e t y  purposes.  

A b u i l d i n g  w i t h  a  conc re t e  f l o o r ,  s t e e l  frame, and shesc-sletal  s i d i n g  

w i t h  f i b e r g l a s s  i n s u l a t i o n  w a s  cons t ruc t ed  i n  J u l y .  P2pel ines  were run 

t o  t h e  b u i l d i n g  from a nearby w e l l  arid a  r i v e r  water  s?-p?ly l i n e .  The 

b o i l e r  was i n s t a l l e d  25 f e e t  away f r m  t h e  main b u i l d h g  i n  a  p a r t i a l l y  

enc losed  s t r u c t u r e  w i t h  a  conc re t e  f l o o r .  Roofs were zons t ruc ted  wer 

t h e  b o i l e r  f u e l  s t o r a g e  b i n  and bin- to-boi ler  f u e l  c o r e y o r  t o  h e l p  keep 

b o i l e r  f u e l  dry.  The conveyor f o r  loading  b o i l e r  f u e l  &to s t o r a g e  was 

permanently i n s t a l l e d , .  and a  hopper a d  ramp was cons t ruc t ed  a t  i t s  base  

t o  f a c i l i t a t e  unloading t rucks .  

I n t e r n a l  p l a n t  l ayou t  was p a r t i a l l y  d i c t a t e d  by d i s t i l h t i o n  column and 

b u i l d i n g  h e i g h t  s i n c e  t h e  r e c t i f y i n g  column had s u f f i c i e n t  c l e a r a n c e  

on ly  along t h e  b u i l d i n g  r i d g e  c e n t e r l i n e .  The flat-boztcmed f e rmen ta t ion  

t a n k s  were i n s t a l l e d  c l o s e . t o g e t h e r  ( t o  f a c i l i t a t e  pip'lng t o  a  common 

pump) and on s lop ing  p l a t fo rms  t o  f a c i l i t a t e  dra inage .  A WC p i p e  

header  w a s  cons t ruc t ed  between f e rmen ta t ion  tanks  t o  c g l l e c t  CO f o r  2 
d i s c h a r g e  through a water  s ea l .  ( d l  tank)  and f o r  su jsequent  v e n t i n g  

o u t s i d e .  

The condenser and r e f l u x  t ank  were i n s t a l l e d  nea r  t h e  cop of t h e  r e c t i f y i n g  

column on a s t e e l  frame supported by t h e  b u i l d i n g  fr- and column . '  

suppor t s .  The condenser was equippeti w i t h  a  ven t  t o  pz-t e q u a l i z a t i o n  

of p r e s s u r e ' a n d  t o  provide  escape  of noncondensable gzses.  This  v e n t  

w a s  cons t ruc t ed  of coi l .ed,  0.2.5-inch copper tubing and vented  to the  

o u t s i d e  ( f o r  s a f e t y )  . The r e f  lux tank was a l s o  equippzd wi th  a  v e n t  t o  

t h e  ou t s ide .  

For s a f e t y  purposes,  no p i p e s  were l o c a t e d  i n  f l o o r  d k v a y s .  Most 

' p ip ing  f o r  t r a n s p o r t  of a l coho l  and m t e r i a l  above 120" F was type  L 

copper t ub ing  wi th  so lde red  j o i n t s .  Other p roces s  p i p 5 n g . f o r  lower 

tempera ture  a p p l i c a t i o n s ~ w a s  Schedule 4 0  PVC pipe.  Mskerial  t r a n s f e r  

between the cook tank  and f e rmen ta t ion  tanks  was by f l ~ b l e ~ h o s e  w i t h  

quick-connect coupl ings.  This  would p e r m i t ' t h e  hose  to b e  remwed t o  

avnjd a t r i .pp ing  hazard and, by c o m e c t i n g  t o  each  ta* as needed, would 

e l i m i n a t e  p ip ing  dead ends, a s s o c i a t e d  f low blbckages,  urd s a n i t a t i o n  

problems. S t e e l  p i p e  w i t h  welded j o i n t s  was used f o r  seeam piping.  . 



. A wzter  s o f t e n e r  was i n s t a l l e d  t o  t r e a t  b o i l e r  makeup water .  Recording 

wa te r  meters  were i n s t a l l e d  t o  monitor  b o i l e r  makeup water  and water  

used f o r  cooking purposes.  I n d i c a t i n g  f low meters  wer.e i n s t a l l e d  t o  

measure condenser and cook tank  cool ing  c o i l  water  f lows,  column feed  

r a t e ,  a l c o h o l  product ,  and r e f l u x  f low r a t e s .  O r i f i c e  p l a t e s  and a 

r eco rd ing  c h a r t  .flow meter  were i n s t a l l e d  t o  measure steam f lows  

t o  t h e  column and cook tank. 

Air d r iven ,  double diaphragm pumps were used f o r  t h e  column feed  and f o r  

removing s t i l l a g e  from t h e  s t r i p p e r  column. An a i r -d r iven  g e a r  pump 

was used f o r  s t r i p p e r  column refl-ux. The product s t ream and r e c t i f y i n g  

column r e f l u x  were g r a v i t y  flow. Automatic c o n t r o l s  c o n s i s t e d  of a  mechanica l ly  

opera ted  temperature actuated-f low c o n t r o l  v a l v e  i n  t h e  product  stream 

( c o n t r o l l i n g  column r e f l u x  and product  withdrawal)  and f l o a t - a c t u a t e d  

so lenoid  v a l v e  l e v e l  c o n t r o l s  on each column bottom. Steam an 'd . feed  

f lows  t o  t h e  columns would be manually s e t  t o  t h e  des ign  s e t t i n g  and 

l e f t  a t  a  cons t an t  flow. Once s t a r t e d  and s t a b i l i z e d ,  t h e s e  c o n t r o l s  

would a l low t h e  d i s t i l l a t i o n  process  t o  o p e r a t e  unat tended.  A l l  o t h e r  

c o n t r o l s  would be manual w i th  t h e  except ion  of t h e  b o i l e r .  Automatic 

c o n t r o l s  t o  ma in t a in  steam p r e s s u r e  were provided wi th  t h e  package b o i l e r .  

The dena tu ran t ,  c o n s i s t i n g  of f i v e  g a l l o n s  of unleaded g a s o l i n e  per  100 

g a l l o n s  of product ,  would be manually added t o  t h e  p r o d u c t - s t o r a g e  tank .  

The amount of dena tu ran t  r e q u i r e d  would be determined by a gauging 

s t i c k  manually i n s e r t e d  i n t o  t h e  product  tank. A 55-gallon drum w a s  

i n s t a l l e d  f o r  dena tu ran t  s to rage .  

A t  t h e  end of t h e  1980 f i s c a l  year ,  t h e  f a c i l i t y  was 95 p e r c e n t  complete 

and had undergone p i p e l i n e  p r e s s u r e  t e s t i n g  and b o i l e r  o p e r a t i o n a l  

checks. Most of t h e  remaining work was n o n e s s e n t i a l  t o  f a c i l i t y  o p e r a t i o n ,  

such  a s  i n s u l a t i n g ,  p a i n t i n g ,  etc.. 

A pre l&ninary  des ign  r e p o r t  covering t h e  method of f a c i l i t y  des ign  and 

b a s e  assumptions has  been w r i t t e n .  Th i s  r e p o r t  has  been reviewed i n  

d r a f t  form.and i s  p r e s e n t l y  being r e w r i t t e n  f o r  f i n a l  review. The '  

f a c i l i t y  component schematic  is  shown i n  f i g u r e  3. A r e c o r d  has  been = 

kept of costs f o r  t h e  e v a l u a t i o n  f a c i l i t y .  Thece a p p r o x h a t c  f a c i l i t y  

c o s t  f i g u r e s  w e r e  as fo l lows:  
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Bui ld ing  ( inc ludes  m a t e r i a l s  and cons t ruc t ion )  

B o i l e r  system 

Components and s u p p l i e s  (complete, inc luding  some 
i n s t a l l a t i o n  c o s t  a d  al lowances f o r  s u r p l u s  

.components used)  39,000 

T o t a l  c o s t  ( l e s s  most i n s t a l l a t i o n )  $88,700 

A complete economic a n a l y s i s  is  i n  process ,  E f f o r t s  k i l l  be made t o  

lower f a c i l i t y  c o s t  by s u b s t i t u t i o n  o r  mod i f i ca t ion  as t e s t i n g  and 

r edes ign  p i n p o i n t  a r e a s  f o r  c o s t  reduct . ions.  A more . d e t a i l e d  c o s t  

breakdown is included i n  t h e  Appendix. 

Other P r o j e c t  A c t i v i t i e s  
0 

A t  t h e  conclus ion  of t h e  f i s c a l  yea r ,  n e g o t i a t i o n s  were i n  p r o g r e s s  w i t h  

a l o c a l  farmer f o r  d i s p o s a l  of t h e  wet s t i l l a g e .  The farmer has  . s i n c e  

agreed t o  h a u l  away any s t - i l l a g e  produced, feed  i t  t o  beef c a t t l e , . a n d  

keep r e c o r d s  of weight ga in .  

A 1972 6-cyl inder  pickup t r u c k  used b ~ ' ~ r o j e c t  personnel  has  been 

modif ied t o  run  on e i t h e r  g a s o l i n e  o r  f u e l  a l coho l .  The changes 

inc luded  a d d i t i o n  of a  f u e l  tank,  enlargement of c a r b u r e t o r  j e t s ,  

advancement of engine t iming ,  a d d i t i o n  of a  manual choke, and a d d i t i o n  

of an  i n - l i n e  f u e l  f i l t e r .  To d a t e  t h e  t ruck  has  opera ted  s a t i s -  

f a c t o r i l y  on f u e l  a l coho l .  Other v e h i c l e s  w i l l  be  modif ied a s  p roduc t ion  

i n c r e a s e s .  

The p roces s  h e a t  source  i s  a major 'expense of t h e  p r e s e n t  . f a c i l i t y .  

A l t e r n a t i v e  sources  of .p rocess  h e a t  t h a t  would be more e f f i c i e n t  .or  

economical are being sought.  Other ways t o  reduce f a c i l i t y  c o s t  are 

' a l s o  being i n v e s t i g a t e d .  

This  h a s  l e d  TVA t o  fund 'some promising r e sea rch  e f f o r t s  at, M i s s i s s i p p i  

S t a t e  Un ive r s i t y .  The r e s e a r c h  i s  t o  (1)  des ign  and b u i l d  a small. 

packed d i s t i l l a t i o n  column us ing  p l a s t i c  p ipe  and test t h e  e f f i c i e n c y  of 

low-cost packings i n  t h e  colunn, (2)  p repa re  a  p re l imina ry  des ign  of  a 

low-cost b o i l e r  capable  of burning round'wood, and (3) de te rmine  t h e ,  

. f e a s i b i l i t y  of vacuum d i s t i l l a t i o n  and a n  i n t e r n a l  combustion eng ine  . 



. . c 

process  h e a t  source .  A r e p o r t  on vacuum d i s t i l l a t i o n  has been completed 

and r e c e i v e d . f o r  review. I n  gene ra l ,  t h e  r e p o r t  was nega t ive  toward t h e  

u s e  of vacuum d i s t i l l a t i o n  f o r  farm-scale u n i t s .  ~ e ~ o . r t s  on t h e  f i r s t  

. two c o n t r a c t s  w i l l  be f i n a l i z e d  January 1, 1981. 

During t h e  coming year  a l l  phases of t h e  p r o j e c t  w i l l  be  cont inued.  

S t u d i e s  w i l l  be  made of t h e  optimum feeds tock  f o r  t h e  Val ley  o r  Val ley  

' subregions .  P l a n t i n g s  and process ing  t e s t s  of t h e  most promising f eeds tocks  

w i l l  be  conducted. The p ro to type  f a c i l i t y  w i l l  be thoroughly t e s t e d  and 

b e n c h a r k  d a t a  e s t a b l i s h e d .  Af t e r  s a t i s f a c t o r y  f a c i l i t y  ope ra t ion ,  

mod i f i ca t ion ,  and t e s t i n g ,  a  farmer-oriented c o n s t r u c t i o n  manual w i l l  

b e  w r i t t e n  and s i m i l a r  u n i t s  w i l l  be placed on Va l l ey  farms as demonstrat ion 

u n i t s  . 



Muscle Shoals  Fuel  Alcohol F a c i l i t y  Costs  

1. Grain handl ing  equipment 
(S torage  b i n ,  two augers ,  weigher; i nc ludes  
i n s t a l l a t i o n ,  does n o t  i nc lude  anyth ing  f o r  . 
b i n  conc re t e  pad) 

A 2 .  750-gallon, mi ld  steel cook tank  
( Inc ludes  coo l ing  c o i l ,  steam spa rge r ,  and $2,088 
f o r  a g i t a t o r  and motor) 

3 .  Fermentat ion tanks  
( 3  @ 1,500 g a l )  . 

4. D i s t i l l a t i o n  coluiims 2,,760.00 
( Inc ludes  m a t e r i a l s  f o r  cons t ruc t ion ,  packing, steam 
spa rge r ,  and cons t ruc t ion ;  does no t  i nc lude  components 
a t t a c h e d  t o  coluisl) . 

5 .  Condenser 
( Inc luding  v e n t )  

6. R e f l w  tank  .. . 

( Inc luding  v e n t )  

7. S t i l l a g e  s t o r a g e  tanks  - 3 ,.500.00 

8. Alcohol s t o r a g e  tanks  1,270.00 
( Inc lud ing  hand pumps, f i l t e r s ,  and v e n t s )  

9. Pumps 3,310.00 
( Inc ludes  cook-to-fermentation tank  pump, s t i l l a g e  
s torage- to- t ruck  p a p ,  f eed  pump, two r e f l u x  pumps, 
and column s t i l l a g e  pump) 

10. Ai r  system 
( Inc ludes  ai.r compressor, ? n h r i r . a t n r ,  f 5.1 t e r ,  r e g u l a t o r s ,  
v a l v e s ,  and p ip ing)  

11. Denaturant  t ank  .100.00 
( Inc ludes  suppor t  frame and v e n t )  

12. B o i l e r  fuel- to-s torage.  conveyor and hopper 1,400.00 

13. S t e q  system and b o i l e r  makeup p ip ing  2,500.00 
( Inc lud ing  c t e a  drye r ,  trapo, . f low mctcrs ,  r c c o ~ d a r ,  etc . )  .' 

14.  Water s o f t e n e r  450.. 00 ' 

15.  Flo'w me te r s  2,150.00 
( Inc luding  cook tank t o t a l i z e r ,  condenser,  coo l ing  c o i l s ,  
beer, product ,  and r e f l u x  f low meters )  



- 16. Concentric pipe heat exchangers 
(Includes pipe, fittings, solder) 

17. Thermometers and thermocouples 
(Including thermocouple reader) 

18. Column controls 
,(Including -column bottom level controls and 
reflux control) 

19.- Septic tank and pump 
(Including septic tank and filter bed--installed, 
and pump at $400) 

20. Miscellaneous piping, flexible hose, and. fittings 

21. .Miscellaneous electrical switches, wiring, etc. 

22. Hoist and trolley 

23. Structural steel 
(For support framework, etc.) 

24. Miscellaneous 
(Scales, fire extinguishers, safety shower, tables; etc.) 

Component Total 

SUMMARY 

Building 
(Includes materials and installation) 

Components 
(Includes some installation and allowance for TVA surplus 
items used) 

Boiler facility 
(Includes furnace/boiler; fuel storage; fuel conveyor, 
for boiler building and fuel storage; and conveyor roofing) 

Total 




