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WELCOMING REMARKS 

I. John McKelvey, Pres ident  

Midwest Research'  I n s t i t u t e  

Welcome t o  Kansas C i ty  and t o  t h e  Midwest Research ~ n s t i t u t e l  
B a t t e l l e  Biomass Conference. We're h e r e  under t h e  sponsorship o f  ERDA-- 
The Energy Research and Development Adminis t ra t ion--because what biomass 
i s  a l l  about  i s  'energy. 

S ince  t h i s  conference was announced a few months ago, I ' v e  been 
asked the  same ques t i ons  a dozen times. "What  i s  biomass? Doesn ' t  sound 
l i k e  anyth ing  from any farms I know about .  What's biomass g o t  t o  do w i t h  
t h e  energy c r i s i s ? "  These a r e  good ques t i ons .  They go r i g h t  t o  t h e  p o i n t  
of  why these  two days a r e  s o  important  t o  a l l  of  us--because t h e r e  i s  an  
energy crisis. , 

A l l  you have t o  do t o  convince yourse l f  of  t h a t ' f a c t  i s  t o  look 
a t  t h i s  p a s t  w in t e r .  A mil l ion-and-a-half  people  have been l a i d  o f f  because 
t h e i r  companies c o u l d n ' t  g e t  t he  n a t u r a l  gas o r  t h e  o i l  they needed t o  keep 
p l a n t s  open. The p re s iden t  asked a l 1 , o f  u s  t o  set our  thermosta t s  a t  65 dur- 
ing  the  day and 55 a t  n igh t .  I th ink  a g r e a t  many people  have done so.  I 
know we d id  a t  MRI and s o  d i d  t h e  o t h e r  companies i n  t h i s  r eg ion .  I n  Buffa lo  
they have had how many hundred inches o f  snow? ~ ' v e  l o s t  t r a c k .  And they 
had t o  c l o s e  t h e  schools  i n  Columbus. I n  t he  Midcontinent Region .and i n  t h e  
Rockies, we've had t h e  c o l d e s t  w in t e r  ever  w i th  l i t t l e  o r  no r a i n  o r  snow. 
We may be  e n t e r i n g  a drought a t  t h e  same time t h a t  w i n t e r  i s  f o r c i n g  us t o  
i nc rease  our  energy consumption. 

The energy c r i s i s  i s  r e a l .  We can s e e  i t .  I t ' s  a l l  around us. . .  
i n  t he  newspapers...on t e l e v i s i o n .  There a r e  more r e p o r t s  every day of  how 
energy--or. t h e  l ack  of  i t - - a f f e c t s  us. 

We can f e e l  t h e  energy c r i s i s ,  too.  W e  can f e e 1 , i t  i n  t h e  coo le r  
- temperatures a t  t h e  o f f i c e  o r  a t  home, i n  t h e  sweaters  we ' re  a l r e a d y  accus-  

tomed t o  b r ing ing  t o  work, and we can f e e l  i t  i n  our  f i nances .  Our h e a t i n g  
b i l l s  are up, our  e l e c t r i c  b i l l s  a r e  up, and our  g a s o l i n e  b i l l s  a r e . u p .  I f  
i t  takes  energy, its p r i c e  i s  going up. 

..- 

And i t ' s  n o t  going t o  g e t  any b e t t e r - - t h e  wors t  i s  y e t  t o  come. 
P a r t s  of  t h i s  country s t i l l  have a n  abundance of  n a t u r a l  gas.  What's going 
t o  happen when t h e  energy "haves" a r e  asked--or ordered- - to  g ive  up ;he i r  

' 

r e s e r v e s  t o  t h e  energy "have-nots?" What's going t o  happen when n a t u r a l  



gas becomes s o  r a r e  t h a t  we c a n ' t  a f f o r d  t o  h e a t  our  homes wi th  it? What's 
going t o  happen when power p l a n t s ,  f a c t o r i e s ,  l i g h t  i n d u s t r i e s  can. ' t  a t  any 
p r i c e  ge t  t h e  gas  they need t o  s t a y  i n  operation--the gas they need t o  keep 

people working? 

I d o n ' t  know. And, I ' d  be  su rp r i s ed  i f  anybody i n  t h i s  room knew-- 
o r  i f  anybody i n  Washington knew. Because r i g h t  now, t h e  on ly  t h ing  w e  a l l  
Itnow i o  t h a t  tllc euelgy c r l s i s  i s  With us r i g h t  now, and i s  no t  p a r t  o f  a  
bus iness  conspiracy.  But whi le  w e  can s e e  and touch the  problem, t h a t ' s  no t  
enough. 

What w e  can '  t s e e  and touch a r e  t he  so lu t ions .  We d o n ' t  know how 
t o  e l i m i n a t e  t h e  energy cr is is .  We d o n ' t  have any p a t  answers.  We J u r l ' t  

even know a l l  t h e  ques t i ons .  

But we do know t h a t  t he  lung-range s o l u t i o n s  t o  t h e  problem a r e  
g o i ~ ~ g  t o  r e q u i r e  us  t o  th ink  i n  new d i r e c t i o n s .  We know t h a t  no s i n g l e  a r e a  
of  r e sea rch  i s  l i k e l y  t o  supply a l l  t h e  answers. But r a t h e r  t h e  u l t i m a t e  

s o l u t i o n  i s  going t o  b e  a  combination of  so lu t ions- -each  c o n t r i b u t i n g  some- 
t h ing  t o  t he  whole. 

Our r~.sni irr .~f i . i lness  i s  baing  chal lenged LU ~ l l e  l i m i t  Bji t h e  demands 
f o r  energy--today. I n  l a b o r a t o r i e s  and test f a c i l i t i e s  a l l  a c r o s s  t h e  count ry ,  
r e s e a r c h e r s  a r e  looking a t  new and o l d  sources  of  energy. They ' re  looking 
a t  atomic fu s ion ,  a t  windmil ls ,  a t  ocean t i d e s  and temperature  d i f f e r e n c e s ,  
a t  s o l a r  pane ls ,  and a t  t u rn ing  c o a l  i n t o  gas and o i l  s h a l e  i n t o  u sab l e  pe t ro-  
leum. 

And t h e y ' r e  looking a t  biomass. Biomass i s  a  new word i n  our  vocab- 
u l a r y .  I t ' s  a word whose importance i n  t h e  energy p i c t u r e  i s  c e r t a i n  t o  in-  
c r e a s e ,  because biomass ho lds  g r e a t  promise a s  one of  those  new d i r e c t i o n s  
f o r  energy r e sea rch .  I t  can be p a r t  of  an  answer t h a t  u l t i m a t e l y  e l i m i n a t e s  
t h e  energy c r i s i s .  

A few minutes ago, I s a i d  t h a t  people have asked me about  biomass. 
They want t o  know what i t  is .  By tomorrow af te rnoon,  a l l  of you w i l l  know 
about  biomass and i t s  p o t e n t i a l .  For now, I ' m  t e l l i n g  people t h a t  biomass 
i s  any p l a n t ,  o r  p l a n t  l e f t o v e r ,  t h a t  can be  grown w i t h i n  t he  l i m i t s  of 
convent ional  a g r i c u l t u r e  and can then be  converted i n t o  some form of usab le  
energy. 

Biomass can  be  a s  e x c i t i n g  a s  a  new h y b r i d - g r a s s  o r  g ra in- -or  a s  
d u l l  as corn  cobs. It  can be  t h e  s t raw from wheat c a t t a i l s - - o r  even g i a n t  
reeds .  'Lhe po in t  i s  t h a t  v e g e t a t i o n  t h a t  once was considered waste ,  o r  even 
weeds--and was plowed back i n t o  t h e  ground--now i s  be ing  looked a t  f o r  i t s  
energy con ten t .  



That ' s  what brought a l l  of us t oge the r  today. I n  t hese  two days,  
y o u ' r e  going t o  hear  a g r e a t  d e a l  about  biomass. There w i l l  b e  many oppor- 
t u n i t i e s  t o  a s k  quest ions--and I hope you w i l l .  And I hope y o u ' l l  l e ave  
Kansas C i ty  w i th  some new ideas  of your own t h a t  can be implemented wherever 
you l i v e .  

Thank you a l l  f o r  coming. I ' m  looking forward t o  a most i n t e r e s t -  
ing meeting. 



ERDA'S FUELS FROM B I W S S  PROGRAM 

D r .  Roscoe F. Ward, EmA, 

Divis ion  of So la r  Energy 

What  I would like ko do i o  p re sen t  en avcxi..~irw ul lvlluL Is cur rencfy  
happening w i t h i n  our  program i n  o rde r  t o  provide a b a s i s  f o r  understanding 
what we a r e  t r y i n g  t o  accomplish and how we expect  t o  accomplish i t .  

~ u e l s  irom biomass has a s  i t s  goa l s  and o b j e c t i v e s  t o  i n v e s t i g a t e  
and demonstrate t he  f e a s i b i l i t y  of u t i l i z i n g  agriciil t i iral  , f n r e s t  and animal 
r e s i d u e s . t o  produce c l e a n  f u e l s  and petrochemical products .  we make a b i g  
d i f f e r e n t i a t i o n  between res idues  and .was tes .  Wastes a r e  something t h a t  you 
have t o  g e t  r i d  o f ,  t h a t  you w i l l  pay t o  g e t  r i d  o f ,  whereas the r e s idues  

we a r e  dea l ing  wi th  have an  economic value and we a r e  going t o  have t o ,  i n  
most cases ,  pay t o  ob ta in  these .  So the re  i s  a b ig  d i f f e r e n c e  i n  the  t r e a t -  
ment and t h e  processes .  We would l i k e  t o  develop and demonstrate the  rech- 
nology f o r  t h e  economic product ion and ha rves t ing  of t e r r e s t r i a l  and aqua t i c  
biomass. We a r e  n o t  l i m i t i n g  ourse lves  t o  so i l -based  a g r i c u l ~ u r e  only, bur 
we a r e  a l s o  i n v e s t i g a t i n g  marine forms of a g r i c u l t u r e .  

We want t o  perform research ,  demonstration and development an the  
processes  which show p o t e n t i a l  f o r  economic conversion of t e r r e s t r i a l  and 
aqua r i c  biomass. We want t o  t r y  and develop r e sea rch  and technology f o r  the 
product ion of hydrogen, b i o p h o ~ o l y s i s  and pho toe l ec t ro lys i s .  These l a s t  two 
prnr.esses e r e  ones t h a t  have come undcr my and the o t h e r  prog-ran1 ~uanager ' s  
jur isdi . r . t lon.  Al-so, we need t o  t r y  and provide t h c  n d t i e n  wit11  some peLio- 
chemicals and o t h e r  energy i n t e n s i v e  products .  

I f  we look a t  the program, we r e a l l y  t a l k  about  t h ree  p a r t s .  We 
t a l k  about t he  sources ,  we t a l k  about the  conversion processes  t h a t  we can 
u t i l i z e ,  and we ta lk .  about t he  end producto. 

People seem t o  envis ion  t h a t  t he  f u e l s  from bianass  program has an  
endless  source of funds, t h a t  we can fund every p r o j e c t  around the  country,  
and they d o n ' t  understand our  resources  a r e  l imi t ed .  This year  we have about  
$12.7 mi l l ion .  About $4 m i l l i o n  w i l l  go i n t o  product ion research  and t h e  
balance of t h a t  i n t o  conversion research .  P re s iden t  Ca r t e r  has upped these  
funding recommendations f o r  next  yea r  t o  abol~t. $20 m i l l i o n .  

To t r y  t o  g e t  some s o r t  of perspec t ive ,  we o f t e n  th ink  i n  terms of 
c u r r e n t  res idues ,  a s  providing a va lue  of un i ty .  Our p re sen t  e s t ima te s  a r e  
t h a t  maybe we can produce 10 t o  15 times t h a t  number us ing  marginal  lands o r  
o the r  a reas .  And a q u a t i c  biomass i s  a number we haven ' t  even t r i e d  t o  def ine .  



Many people come i n  and say ,  w e l l ,  how about us ing  municipal wastes? I f  
you t r y  and put a va lue  on municipal was tes ,  t h a t  i s  only about  one-tenth 
t h a t  va lue  of c u r r e n t  res idues  and aga in  the re  a r e  a number of problems 
wi th  these.  

We have had these  s e r i e s  of systems s t u d i e s  on t e r r e s t r i a l  b io -  
mass. B a t t e l l e  Columbus repor ted  l a s t  f a l l  on t h e i r  sugarcane, sugar-  
bee ts  and sweet sorghum study. The Mitre  Corporat ion had a review two 
weeks ago on s i l v i c u l t u r e .  The MRI and B a t e l l e  p r o j e c t s  a r e  p a r t  of our 
t h i r d  s tudy on g r a i n s  and g ra s ses  and corn. We do have some f i e l d  expe r i -  
ments underway and s t a r t i n g .  We a r e  t r y i n g  t o  use the  systems s t u d i e s  a s  
a b a s i s  t o  determine what the  oppor tun i t i e s  a r e  and whether we even should 
a sk  Congress f o r  funds i n  t h i s  a r ea .  I n  o the r  words, we a r e  t r y i n g  t o  
determine a b a s i s  and a p o t e n t i a l  u t i l i z i n g  these  s tud ie s .  

We a r e  o f f  a l r eady  i n t o  ha rves t ing  equipment. This i s  a cooper- 
a t i v e  undertaking wi th  the f o r e s t  s e r v i c e  a s  w e l l  a s  wi th  a number of o the r  
i n d u s t r i e s  and wi th  ERDA tak ing  a major po r t ion  of the  funds. There has 
been a ha rves t e r  developed which w i l l  be u t i l i z e d  f o r  c l ean ing  up woodland 
a r e a s ,  which w i l l  produce c h i p s ,  which we can u t i l i z e  a s  a f u e l  source. 
So we do have some a c t i v e  c o n t r a c t s  which a r e  t r y i n g  t o  take ca re  of some 
of the immediate needs. 

Aquatic biomass i s  a n  a rea  i n  which we have some f i e l d  s t u d i e s  
going on. This w i l l  be the  l a s t  of our systems st.udi.es which w i l l  t r y  
and provide the  overview f o r  us of t he  p o t e n t i a l  of the t o t a l  a r ea .  

I f  we look a t  the conversion processes  i n  a l i t t l e  more d e t a i l ,  
t h i s  i s  the  genera l  scope of t he  processes  t h a t  we a r e  i nves t iga t ing .  ' 

Anaerobic d i g e s t i o n  i s  the  one process t h a t  we a r e  c u r r e n t l y  
p u t t i n g  most emphasis on. We have requested proposals  f o r  a p i l o t  p l a n t  
which w i l l  process about 40 tons of animal res idues  per  day. We have a 
number of experimental f a c i l i t i e s  which a r e  opera t ing  now. Hami.lton 
Standard i s  opera t ing  a f a c i l i t y  a t  Greeley, Colorado, a t  the  l a r g e  Mumfort 
l o t .  Ektope, of t he  S t a t e  of Washington, has  a d a i r y  d i g e s t e r  and a j o i n t  
agreement w i th  the USDA a t  Clay Center.  We have a s e r i e s  of suppor t ive  
research  and development p r o j e c t s  a t  u n i v e r s i t i e s .  

Another conversion process  we a r e  looking a t  i s  fermentat ion.  
Thus f a r  we have only emphasized enzymatic hydro lys is .  A l l  of these  f e r -  
mentat ion p r o j e c t s  a r e  l abo ra to ry  p r o j e c t s  a t  the present  time. A l o t  of 
these  processes  a r e  r e l a t i n g  t o  a lcohol  and o the r  petrochemical s u b s t i t u t e s .  
Again we a r e  i n t e r e s t e d  i n  proposals  i n  the  a r ea  of a c i d  hydro lys i s ,  a s  we 
f e e l  t h i s  has  some p q t e n t i a l .  



A t h i r d  conversion process  i s  b iopho to lys i s .  Th i s  i s  a  longer-  
term p r o j e c t .  The purpose of t he  p r o j e c t  i s  t o  examine d i r e c t  product ion 
of  hydrogen by b i o l o g i c a l  means. This  i s  one of our  p r o j e c t s  o f f  f o r  t h e  
f u t u r e .  

L ique fac t ion  i s  t h e  fou r th  conversion process we a r e  i n v e s t i -  
ga t ing .  We have a  p r o j e c t  which was s t a r t e d  under t h e  Bureau of  Mines which 
i s  now i n  s t a r t u p .  

P h o t o e l e c t r o l y s i s  i s  another  conversion process we a r e  c u r r e n t l y  
i n v e s t i g a t i n g .  We have t h r e e  pro j e c t s  c u r r e n t l y  i n  t h i s  a rea .  

P a r t  of t h e  reason  f o r  t h e  systems s t u d i e s  i s  t o  determine i f  f u e l s  
from biomass is  economically v i a b l e .  What we have co cry  and dn Ls Lake 
t h e  biomass product ion va lue  and l i n k  it t o  a  conversion process and s e e  
what s o r t  of va lue  we o b t a i n  f o r  t h e  f u e l  produced. For example, we a r e  
m r k i n g  now wi th  animal manures. The es t i r~ la ted  va lue  t h a t  we f e e l  we a r e  
going t o  have t o  pay f o r  animal manures is  from $1 t o  about $4 a  ton.  
Using cu r r en t  technology, our  e s t ima te s  from a  s tudy which Dynatech has  
completed f o r  us i n d i c a t e  t h a t  we can produce n a t u r a l  gas a t  about $2  a  
mi l l i on  B tu ' s  u s ing  manure. We would have been g lad  t o  have had t h i s  methane 
a t  $2 a  m i l l i o n  Btu during t h i s  pas t  w in t e r .  

But i f  we look tvwatd the longer  term t h e  a g r i c u l t u r a l  crops and 
g i v e  t h a t  $ 1  a  m i l l i o n  Btu and then dec ide  t o  go anaerobic  d i g e s t i o n ,  t h i s  
w i l l  co s t  $ 3  a  m i l l i o n  Btu. Are we r e a l l y  w i l l i n g  t o  pay t h i s  p r i c e  and 
can we r e a l l y  produce i t  i n  q u a n t i t i e s  t h a t  a r e  s i g n i f i c a n t  i n  t h e  long 
term? 

These a r e  a l l  prel imniary t i g u r e s .  We hope t h a t  this conference 
w i l l  provide some b e t t e r  f i g u r e s  and some b e t t e r  information upon which t o  
base  dec i s ions  i n  t h e  f u t u r e .  The goal  of.ERDA i s  t o  t r y  and commercialize 
t h e s e  processes  i n  o r d e r  t o  h e i p  wi th  t h e  energy needs of t h e  country.  

1 would emphasize f o r  those  i n  i ndus t ry  t h a t  t h e  po l icy  of  ERDA 
i s  i f  t h e r e  i s  ever  a  d e c i s i o n  between a  u n i v e r s i t y  o r  a  government l a b  o r  
i n d u s t r y ,  t h e  d e c i s i o n  w i l l  be made f o r  i ndus t ry .  The reason  f o r  t h i s  i s  
t h a t  we f e e l  t h a t  t h e  on ly  way we can commercialize t h e s e  processes  is  by 
working with indus t ry .  



AN AGRONOMIST ' S VIEW OF BIOMASS PRODUCTION 

D r .  Dale N. Moss, P ro fe s so r  of Agronomy, 

Univers i ty  of Minnesota 

An agronomist dea l ing  with any kind of c rop  s i t u a t i o n  summarizes 
h i s  th inking  i n  t h r e e  d i f f e r e n t  a r eas .  The f i r s t  i s ,  what is  t h e  d e s i r e d  
product.  The second i s ,  what p a r t i c u l a r  genotype of a  p a r t i c u l a r  p l an t  
spec i e s  w i l l  we be dea l ing  with.  V a r i e t i e s  of  corn  o r  v a r i e t i e s  of wheat,  
t he se  th ings  become very important i n  any agronomic s i t u a t i o n .  And t h i r d l y -  
t h e  agronomist d e a l s  wi th  management. How do you t ake  t h i s  p a r t i c u l a r  
v a r i e t y  of a  p a r t i c u l a r  crop and g e t  i t  t o  func t ion  t o  g ive  you t h e  de- 
s i r e d  product? 

What is  biomass? Let me g ive  you a  l i t t l e  b i t  d i f f e r e n t  d e f i n i -  
t i o n  of it.  The product we a r e  r e a l l y  dea l ing  with i s  carbon t o  carbon , 

bonds. These carbon t o  carbon bonds a r e  where t h e  energy comes from. And 
i t ' s  t hese  bonds t h a t  we have gb t  t o  worry zbout when we a r e  t a l k i n g  bio-  
mass from an  agronomist ' s  point  of view. The process by which we g e t  t hose  
carbon t o  carbon bonds i s ,  of course ,  the  process  of photosynthesis .  

In  t h e  process  of photosynthesis  we a r e  dea l ing  w i t h  two sepa ra t e  
photo a c t s .  What happens i n  a  green p lan t  i .s  t h a t  you have networks of 
cli lorophyll  molecules. It t u r n s  out  t h a t  t h e r e  a r e  about 200 of them a s -  
soc i a t ed  i n  a  network which i s  known a s  Photo System 11. These ch lorophyl l  
molecules a r e  s o r t  of wired toge the r  i n  such a  way t h a t  i f  one of those  
ch lorophyl l  molecules is  a b l e  t o  c a p t u r e  a  quantum of l i g h t ,  a  photon, t h e n  
it i s  a b l e  t o  s h u t t l e  t h a t  energy t o  a  t r app ing  pigment. Then you can u s e  
t h a t  energy t o  e x t r a c t  an  e l e c t r o n  from t h e  water  molecule. You b leed  t h e  
water  molecule, and r e l e a s e  oxygen i n  t h e  process .  Also i n  t h e  process  t h i s  
e l e c t r o n  i s  pushed t o  a  more negat ive  EMF, it has  more chemical p o t e n t i a l  
energy. Then t h e r e  i s  a  whole s e r i e s  of compounds along which t -h is  e l e c t r o n  
flows i n  g e t t i n g  down eventua l ly  t o  Photo System I. I n .  t h e  process of 
rr~oving through these  compounds, ADP, a  compound w i t h  two atoms of phosphate 
per molecule i s  changed t o  ATP, a compound with t h r e e  atoms of phosphate per  
molecule. This  i s  one of t h e  kinds of energy currency t h a t  t h e  p l an t  uses .  
This ATP has a 'high energy phosphate bond and t h e  p l an t  is  a b l e  t o  e x t r a c t  
energy from t h a t  t o  perform c e r t a i n  s y n t h e t i c  processes .  

The e l e c t r o n  eventua l ly  ends up i n  another  complex of a  couple of 
hundred molecules of ch lo rophy l l ,  known a s  Photo System I, and you ge t  a  
second quantum of l i g h t  absorbed. The e l e c t r o n  i s  aga in  kicked up t o  a  more 
negat ive  EMF. You eventua l ly  end up wi th  t h e  compound f e r r edox in ,  where you 
have the  reducing p o t e n t i a l  t o  reduce  t h e  compound NADP, g iv ing  you an end 



product of NADPH. Here aga in  t h e r e  i s  a  high energy bond i n  t h i s  NADPH and 
t h e  p lan t  can u t i l i z e  t h a t  bank of energy, then ,  t o  perform var ious  processes .  

The Calvin scheme of photosynthesis ,  developed by Melvin Calviri, ex- 
p l a i n s  f u r t h e r  t h e  process  of photosynthesis .  F i r s t  t h e  carbon d ioxide  en- 
t e r s  the  p l an t .  It e n t e r s  because you have a  compound i n  t h e  p l an t  c a l l e d  
r ibu lose-1 .5-d iphospha te ,  which i n  t h e  presence of t h e  proper enzyme w i l l  r e -  
a c t  with carbon d ioxide .  An important point  i s  t h a t  i n  order  t o  ge t  t o  t h i s  
r ibu lose-1 .5 -d iphospha te  you must have ATP. In  f a c t ,  t h e  r i b u l o s e - 1 . 5 - d i p h o s p h a t e  
has  a  h i g h e n e r g y  phosphate bond which was formed by e x t r a c t i n g  the  energy 
from ATP. 

ATP i s  aga in  consumed i n  t h e  conversion of 3-phosphoglyceric ac id .  
Also,  NADPH i s  consumed i n  order  t o  convert  t o  glyceraldehyde-3-phosphate .  So 
you can see  the  energy t h a t  has  been sLored i n  the e l e c t r o n  capture  process 
then  is used t o  make carbon t o  carbon bonds and t o  make in te rconvers ions  i n  
t he  p lan t .  

From what happens i n  t he  phntosynthet ic  process  and from o t h e r  r e -  
a c t i o n s  t h a t  must go on i n  p l a n t s  we can c a l c u l a t e  t h a t  i t  takes  about 10 
photons of l i g h t  energy i n  o rde r  t o  reduce one molecule of  carbon t o  t he  

I. 
average r educ t ion  l e v e l  t h a t  we f i n d  i n  plants . .  O r  i f  we look a t  t h i s  i n  a  
l a r g e r  u n i t  t h a t ' s  more convenient t o  work wi th ,  we s e e  t h a t  10 e i n s t e i n s  of 
red  l i g h t  a r e  u t i l i z e d  t o  reduce one mole of carbon d ioxide  t o  t h e  average 
r educ t ion  s t a t e  found i n  p l a n t s .  And it i s  a  very simple t h i n g  t o  c a l c u l a t e  
t he  energy contained i n  t hese  10 e i n s t e i n s ,  s i n c e  only v i s i b l e  r a d i a t i o n  i s  
used i n  the process  of  photosynthesis .  The amount of  energy t h a t  i~ con- 
t a ined  i n  10 e i n s t e i n s  is  about 520 k i l o c a l o r i e s .  And i f  you t a k e  t h i s  molc 
of carbon t h a t  you formed and put it i n  a  ca lo r ime te r  and burn i t ,  you w i l l  
f i n d  t h a t  i t  w i l l  g ive  up about 105 k i l o c a l o r i e s  of energy. Then i f  you 
simply take t h e  r a t i o  of  t he  amount of energy a v a i l a b l e  from the  carbon i n  
t he  p lan t  by t h e  amount of energy used t o  .produce t h i s  carbon, you w i l l  come 
out  wi th  the f a c t  t h a t  t h e  process of photosynthesis  has  a  t h e o r e t i c a l  e f -  
f i c i e n c y  l i m i t  of about 20%. Now, t h a t ' s  t r u e  i f  we a r e  c o r r e c t  i n  t he  
various. assumptions t h a t  we make when we say t h e r e  a r e  10 quanta requi red  i n  
o r d e r  t o  get one molecule of carbon i n t o  t h e  p l a h t .  

Across t h e  v i s i b l e  rangc s u n l i g h t  has  a fai.rLy f l a t  d i s t r i b u t i o n .  
Of the  t o t a l  energy i n  s u n l i g h t  about 45% of it l i e s  i n  t h i s  - v i s i b l e  range 
and about 50% is  i n  t he  i n f r a r e d  range. And only t h e  v i s i b l e  por t ion  
i 3  e f f e c t i v e  i n  the  process  of photosynthesis .  



There i s  one o t h e r  t h ing  we have t o  d e a l  wi th  when eva lua t ing  t h e  
p l a n t ' s  e f f i c i e n c y  f o r  t u rn ing  s o l a r  energy i n t o  carbon bonds and t h a t ' s  t h e  
f a c t  t h a t  i f  you have a  p lan t  cover and s o l a r  r a d i a t i o n  coming down on those  
p l a n t s ,  no t  a l l  of t h e  r a d i a t i o n  is  a v a i l b l e  f o r  use  by t h e  p l a n t s .  There a r e  

var ious  th ings  t h a t  happen t o  t h e  r a d i a t i o n ,  but  t h e  one we need t o  look a t  
i s  the  r e f l e c t i o n  of r a d i a t i o n  from t h e  p lan t  cover ,  About 10% of  t h e  r a d i a -  
t i o n  t h a t  s t r i k e s  a  l e a f  i s  r e f l e c t e d  back. 

What does a l l  t h i s  mean? So la r  r a d i a t i o n  i s  about 45% v i s i b l e  i f  
you t ake  t h e  t o t a l  s o l a r  spectrum. Leaves w i l l  r e f l e c t  about 10% of t h e  v i s i b l e  
and we t a lked  about t h e  t h e o r e t i c a l  e f f i c i e n c y  of t h e  photosynthe t ic  process 
i t s e l f  . is  about 20%. You simply mul t ip ly  these  th ings  toge the r  and you ge t  0.45 
times 0.9 t imes 0.2 f o r  a  t h e o r e t i c a l  e f f i c i e n c y  f o r  a  p l an t  cover of  about 
8%. So i f  we had p l a n t s  func t ioning  abso lu t e ly  p e r f e c t l y  i n  t h e  f i e l d ,  we 
could have an 8% s o l a r  c o l l e c t o r .  T h a t ' s  t h e  kind of l i m i t  we a r e  working 
with.  

Now, can anything be done about t h a t ?  Absolutely noth ing  a s  f a r  
a s  we know. A l l  p l a n t s  use t h e  same process  t o  f i x  t h e i r  carbon u l t i m a t e l y .  
It even happens i n  some of t h e  b a c t e r i a  t h a t  they run a  very s i m i l a r  kind 
of program not  u t i l i z i n g  ch lorophyl l ,  bu t  we don ' t  know of any way of g e t t i n g  
these  carbon t o  carbon bonds o the r  than  t h e  one we have ou t l i ned .  In f a c t ,  
it looks l i k e  i n  terms of t h e  e n e r g e t i c s  of t h e  process  t h a t  t h i s  i s  about 
t h e  l i m i t  t h a t  we a r e  faced with.  

We want t o  t a l k  now about how p l a n t s  u se  t h e  system t h a t  they  have. 
It t u r n s  out  t h a t  p l a n t s  u se  t h e i r  photosynthesis  s y s t e m , q u i t e  d i f f e r e n t l y .  
According t o  how they  use  t h e i r  system, p l a n t s  can be broken down i n t o  two 

b a s i c  groups, the C3 and C4 p l an t s .  

Orchard g r a s s ,  red  c love r ,  sugarbee t ,  tobacco, wheat, o a t s ,  ba r l ey ,  
a l l  of our temperate g ra s ses ,  and many o t h e r  crop p l a n t s  would f a l l  i n  t h e  C3 
group. They have two c h a r a c t e r i s t i c s .  One is  t h a t  a t  about one- th i rd  o r  one- 
fou r th  the  i n t e n s i t y  of f u l l  sun l igh t  an ind iv idua l  l e a f  of t h e s e  spec i e s  be- 
comes s a t u r a t e d  wi th  l i g h t .  You can add more l i g h t  t o  t h a t  l e a f  and you d o n ' t  
ge t  a  f a s t e r  r a t e  of C02 f i x a t i o n .  The second c h a r a c t e r i s t i c  of t h e  C3 group 
i s  t h a t  t h e  amount.of carbon d ioxide  en te r ing  t h e  p l an t  i s  about 20 o r  25 
mil l igrams per  hundred square cent imeters  of l ea f  per hour.  

The C4 group of crops responds q u i t e  d i f f e r e n t l y .  This  group con- 
s i s t s  of corn ,  sugarcane,  sorghums, a l l  of t h e  t r o p i c a l  g ra s ses ,  a  l o t  of 
d i c o t  spec i e s ,  t h e  common redroot  pigweed, and many o t h e r  p l an t s .  They have 
a  ,photosynthet ic  system i n  which they a r e  a b l e . t o  cap tu re  much more carbon 
dioxide given t h e  same amount of l i g h t .  



Now t h a t  may sound i n c o n s i s t e n t  w i t h  what we have s a i d  e a r l i e r ,  
b u t  i t  t u r n s  o u t  t h a t  t h e s e  C 4  s p e c i e s  have developed a n  i n t e r e s t i n g  evo l -  
u t i o n a r y  t r a i t  t h a t  a i d s  them v e r y  much. One of t h e  d i f f i c u l t i e s  of run- 
n i n g  t h e  p h o t o s y n t h e t i c  sys tem i n  p l a n t s  a t  a l l  is  t h e  f a c t  t h a t  t h e y  g e t  
t h e i r  carbon from t h e  a i r ,  and t h e r e  i s  v e r y  l i t t l e  carbon d i o x i d e  i n  t h e  
a i r .  The p r o c e s s  of p h o t o s y n t h e s i s ,  d u r i n g  any p e r i o d  o f  i n t e n s e  l i g h t ,  o p e r a t e s  
a t  a C 0 2  d e f i c t .  One way t o  incre ,ase  t h e  p h o t o s y n t h e s i s  i s  s imply t o  p rov ide  
more carbon d i o x i d e .  

Well  Mother Na ture  h a s  done. t h i s  i n  c e r t a i n  k i n d s  o f  p l a n t s ,  t h e  
c o r n  p l a n t  and o t h e r s  b e i n g  examples.  What o c c u r s  i n  t h e  c o r n  p l a n t  i s  a  
p e c u l a i r  ar rangement  of c e l l s  i n  t h e  l e a f .  You have t h e  v a s c u l a r  bundle  
which you can  t h i n k  0.f a s  b e i n g  a c y l i n d e r  of p i p e  and t,hen o u t  from t h i . 8  
p i p e  you have f i n g e r s  s t i c k i n g .  Around t h i s  p i p e  is  a  v e r y  solid c y l i n d e r  
of v e r y  prominent d a r k  g reen  c e l l s  and t h e n  o u t  from t h i s  c y l i n d e r  of c e l l s  
a c t u a l l y  you have f i n g e r s  s t i c k i n g  o u t  i n t o  t h e  a i r  s p a c e s  o f  t h e  l e a f .  
Lt t u r n s  o u t  t h a t  t h e  k i n d s  of ar rangement  h a s  been pu t  t o g e t h e r  where you 
have a  d i f f e r e n t i a t i o n  i n  t e rms  of t h e  t y p e  of c e l l  and you have a d i f -  
f e r e n t i a t i o n  i n  t e rms  o f  t h e  t y p e  of chemis t ry  i n  t h e s e  d i f f e r e n t  c e l l s .  

These  f i n g e r  c e l l s ,  which a r e  c a l l e d  mesophyll  c e l l s ,  s t i c k i n g  
oul: i n t o  ' t h e  a i r ,  have a v e r y  l a r g e  s u r f a c e  t o  a b s o r b  carbon d i o x i d e .  The 
ca rbon  d i o x i d e  r e a c t s  w i t h  a  compound known a s  phospho-pyruvate,  u s u a l l y  
c a l l e d  i n  t h i s  c o u n t r y  phosphoenolpyruvate .  But a t  any r a t e ,  what you 
end up w i t h  i s  a  r e a c t i o n  of ca rbon  d i o x i d e  w i t h  a  h i g h  energy phosphate  
bond t h a t  i s  d e r i v e d  from ATP. You end up w i t h  o x a l o a c e t a t e .  T h i s  i s  
q u i c k l y  conver ted  t o  t h e  compound m a l a t e .  Th i s  compound c o n t a i n s  f o u r  
ca rbon  a c i d s  which i s  why t h e s e  t y p e  p l a n t s  a r e  c a l l e d  C 4  p l a n t s .  You 
have combined carbon d i o x i d e  w i t h  a  t h r e e  carbon compound and g o t t e n  a  
f o u r  carbon compound, malate. The p l a n t  t h e n  s h u t t l e s  t h i s  m a l a t e  v e r y  
q u i c k l y  i n t o  t h e  c y l i n d e r  of bundle  s h e a t h  c e l l s  around t h e  v a s c u l a r  bundle.  
n n r ~  the m a l a t e  g e t s  i n  t h e r e ,  t h c r c  i 3  a n  cneyme which knocks o f f  t h e  
ca rbon  d i o x i d e .  The p y r u v a t e  i s  t h e n  s h u t ~ l e d  back o~.tt.. Tn t h i s  whole 
p r o c e s s  a l l  t h a t  h a s  been done i s  t h e  carbon d i o x i d e  h a s  been f i x e d  a t  
t h e  s u r f a c e  of t h e  s l a n t  and moved t o  t h e  i n n e r  c e l l s  and r e l e a s e d .  

So i n  o t h e r  words t h i s  whole p r o c e s s  i s  a  mechanism f o r  concern- 
t r a t i n g  carbon d i o x i d e .  It is  a c t u a l l y  a  b i o l o g i c a l  C 0 2  pump. You ex- 
t r a c t  CU2 o u t  of t h e  a i r  a t  a very  low c o n c e n t r a t i o n ,  s h u t t l e  i t  i n t o  t h e  
c e l l s  and r e l e a s e  i t .  The e x p e r i m e n t a l  ev idence  t e l l s  us  t h a t . y o u  end up 
w i t h  a  h i g h e r  concen t ra . t ion  of carbon d i o x i d e  i n  t h e  c e l l s  whcre t h e  
same p h o t o s y n t h e t i c  p r o c e s s  we have been t a l k i n g  abou t  t h e n  o c c u r s .  The 
impor tan t  t h i n g  i s  t h i s  p e r m i t s  t h e  p l a n t  under p roper  env i ronmenta l  con- 
d i t i o n s  t o  o p e r a t e  t h e  p h o t o s y n t h e t i c  p r o c e s s  v e r y  r a p i d l y .  

There  a r e  o t h e r  t h i n g s  t h a t  d i f f e r  between t h e  C 3  and C 4  groups  
of t h e  p l a n t s .  I f  t h e r e  were a c o n c e n t r a t i o n  o f ,  s a y ,  25 p a r t s . p e r  m i l -  
l i o n  carbon d i o x i d e  around a  wheat p l a n t ,  i t  would have no p h o t o s y n t h e s i s .  
I n  f a c t ,  i t  t u r n s  o u t  t h a t  i n  low c o n c e n t r a t i o n s  of carbon d i o x i d e  wheat 



will lose carbon all the time. It respires j'ust like man does. But corn 
at that concentration will be fixing some carbon dioxide. It will have a 
positive photosynthesis. 

Now, you can take these two plants put them in a system, close 
it in, give them a fixed amount of carbon dioxide, turrthe light on, and 
let them compete for what carbon dioxide is there. The corn plant will 
simply take the carbon dioxide away from the wheat and soon the wheat plant 
will die. This competition for C02 becomes the basis of a very simple way 
for seeking plants which have this particular corn-like photosynthesis. 

We have used a system like this to screen literally hundreds 
of thousands of wheat, barley, potatoes, soybean plants, looking for one of 
these that might have this capacity to fix a larger amount of carbon dio- 
xide in bright light. It turns out we can't find any genetic diversity 
for this capacity. And I wanted to present this particular story to point 
out that the agronomist can wish for a lot of things, but you can't work 
with it unless you have got something to work with. And first off, you 
have got to find some genetic diversity. That's true of whatever you are 
going to deal with, disease resistance or whatever. And in the case of this 
type 01 photosy~ithesfs we si~llply have ~ioe been able to find the genetic 
diversity. 

We tried another way to increase leaf photosynthetic rates. We 
simply measured lots of plants and tried to characterize the speed with 
which they are able to fix carbon dioxide. The purpose of these measure- 
ments was to select those which are superior, and then hopefully cross 
these and get plants that have a greater ability for photosynthesis. 

After we measured the photosynthetic rate of various plants, we 
ranked them accordingly. This ranking seemed to indicate a reasonable de- 
gree of genetic diversity. However when we employed the Duncan's multiple 
range test, it indiciated that there's a great deal of variability in 
this kind of measurement. In other words the variations we found in photo- 
synthetic rate could most probably be accounted for by chance. Now, 
we are not just sloppy workers in Minnesota. Th,is happens all over the 
world whereever these kinds of measurements have been nade. What gets even 
more discouraging is when we changed the temperature by 5 degrees our ranking 
went all to pot. So selecting plants for an enhanced ability to fix carbon is 
a very discouraging process indeed. We have not learned how to do that yet. 
So this is one area that an agronomist would like to deal with in terms or 
greeting new varieties that inherently do a faster job of what they have 
to do. But we5are not able, at least in this point in time, to produce these 
new varieties. 

. Under the best of conditions we are faced with the fact that plants 
work at about 4-112% maximum efficiency and so they end up being far below 
the 8% theoretical maximum we were talking about eatlier. So we probably 
do not have to worry about that particular limit. The thing we do have to 
worry about is how to get them to perform at least to this 4-112% level, 
which we know they are capable of doing. 



We have made a  l o t  of measurements o f  p h o t o s y n t h e s i s  o f  wheat and 
b a r l e y  and many o t h e r  k i n d s  o f  c r o p s .  Through t h e s e  s t u d i e s  we o b t a i n e d  a  
l o t  of in fomat ion  which shows p h o t o s y n t h e t i c ' r a t e  as a  f u n c t i o n  o f  t ime  of  
y e a r .  It i n c r e a s e s  t o  a maximum i n  about  mid-June, and t h e n  f a l l s  o f f  v e r y  
q u i c k l y .  

Now i f  we t a k e  our  d a t a  and p l o t  t h e  amount of p h o t o s y n t h e s i s  a s  
a  f u n c t i o n  o f  t h e  amount of l e a f  t h a t ' s  o v e r  t h e  l a n d ,  i t  t u r n s  o u t  t h a t  
p l a n t s  w i l l  c o n t i n u e  t o  i n c r e a s e  t h e i r  p h o t o s y n t h e t i c  r a t e  a s  t h e i r  l e a f  
a r e a  i s  i n c r e a s i n g .  T h i s  r a t e ' t h e n  d e c r e a s e s  a s  t h e  p l a n t s  a r e  beg inn ing  
t o  mature .  

What does  t h i s  s a y ?  It s a y s  s imply t h a t  i n  o r d e r  t o  g e t  maximum 
growth r a t e s ,  t o  g e t  t h i s  h i g h  p h o t o s y n t h e s i s ,  we havc g o t  t o  come up w i t h  
some k i n d  o f  a scheme of keeping a  l a r g e  l e a f  a r e a  o v e r  o u r  l and .  And i n  
t e rms  o f  management f o r  biomass t h i s  becomes o u r  v e r y  b i g  problem. 

We have a t t e m p t e d  t o  keep a l a r g e  l e a f  a r e a  over  l a n d  by cnm- 
b i n i n g  c r o p s ,  and even i n  Minnesota t h e r e  i s  some p o t e n t i a l  of doub le  
c ropp ing .  We p l a n t e d  r y e  i n  t h e  f a l l  of  1973 i n  one exper iment .  T h e n w e  
h a r v e s t e d  i t  on t h e  3 0 t h  of May. We p l a n t e d  c o r n  on  . the 1 5 t h  of June.  We 
would have p l a n t e d  i t  on t h e  3 0 t h . o f  May, b u t  i t  began r a i n i n g  and w e  
c o u l d n ' t  g e t  back on t h e  l and .  And we h a r v e s t e d  t h a t  a f t e r  f r o s t  a t  t h e  
end o f  t h e  growing season .  

The p o i n t  i s  t h a t  t h e  c o r n  produced i n  t h e  a r e a  o f  biomass about  
9 t o n s  p e r  a c r e  o f  d r y  m a t t e r ,  b u t  i t  produced t h e  same amount by p l a n t -  
i n g  a l i t t l c  b i t  la ter  t h a n  t h e  u s u a l  c o r n  p l a n t i n g  d a t e ,  a s  i t  would 
have done by d e v o t i n g  t h i s  l a n d  s o l e l y  t o  corn .  By p u t t i n g  w i n t e r  r y e  i n  
and u s i n g  t h i s  e a r l y  s e a s o n ,  A p r i l  and May, when c o r n  wouldn ' t  grow i f  
you p l a n t e d  i t  and,  i n  f a c t ,  when i.t h a s  no l e a f  a r e a  a t  a l l ,  w e  could  
i n c r e a s e  t h e  t o t a l  biomass p r o d u c t i o n  by a lmos t  40 o r  50%. We s imply 
p rov ided  a  l e a f  cover  t h e r e  e a r l y  i n  t h e  season  t h a t  would f u n c t i o n  i n  
c o o l  weather .  

I would a l s o  l i k e  t o  say j u s t  a  . l i t t l e  b i t  about  some o t h e r  k i n d s  
o f  t h i n g s  we have done. One o f  our  f a v o r i t e  agronomic c r o p s  i n  Minnesota 
i.s t h e  c a t t a i . 1 .  I have a lmost  g o t t e n  chased o u t  of t h e  p r o f e s s i o n  by grow- 
i n g  c a t t a i l s .  But we have grown s o m e ' i n  some l i t t l e  padd ies .  The c a t t a i l  
i s  a  p l a n t  which h a s  a  shoo t  growing up and a  l a r g e  s t o r a g e  o rgan  which i s  
abou t  4 t o  1 2  i n .  benea th  t h e  s o i l  s u r f a c e .  

The rhizome i s  t h e  underground stem o f  t h e  c a t t a i l .  The c a t t a i l  
packs t h i s  rhizome f u l l  o f  s t a r c h .  The c a t t a i l  t u r n s  ou t  t o  b e  kind of a n  
i n t e r e s t i n g  p l a n t  f o r  two reasons :  i t  h a s  a  v e r y  h i g h  p r o d u c t i v i t y  i n  terms 
o f  biomass and i t ' s  a  v e r y  e f f i c i e n t  producer  of s t a r c h .  S t a r c h  i s  a  v e r y  
good chemical  t o  go a  number o f  d i r e c t i o n s  from. I f  we a r e  t a l k i n g  abou t  
s a v i n g  energy, u s i n g  s t a r c h  a s  a  chemical  f e e d s t o c k  might b e  an  i n t e r e s t i n g  
way t o  save  a l o t  o f  energy i n  t h e  coun t ry .  



Another interesting thing about the cattail is that it carries a 
lot of leaves and it distributes these leaves in space so that light can hit 
the surface of those leaves all the way down to very near the bottom of the 
plant. 

, . It turns out that the cattail will produce about 20 tons of dry 
matter under Minnesota's conditons in a season. I want to compare this 
yield with what an agronomist would say is our highest biomass producer in 
the State of Minnesota, the corn plant. If we get a very good corn crop, it 
would yield 150 bushels per acre. We convert that into biomass yield and 
count the root systems in; assuming that 20% of that plant will be underground, 
and we come out with a biomass yield of about 10 tons per acre. 

Question: Is there any difference in the quality of cattail and 
corn as concerns their energy content? 

Answer: It turns out you can look at a very wide array of plant 
materials and they will all come out to have an energy content of about 
7,000 Btu's per pound. Plants do the same kinds of things. They have 
got to have some proteins and fats and other various things in order to 
function. There are lists of maybe hundreds of species where the varia- 
tions in energy content is quite small, as little as plus or minus 5%. 

Question: What percent starch is your rhizomes? 

Answer: We have not looked at the percentage starch. The liter- 
ature would tell us that it's somewhere in the neighborhood of 65% at 
maturity. I don't know whether that's true of the plants we grew or not, 
but that wouldn't be far off. 

Question: You began to allude to bacterial photosynthesis. Would 
you care to expand on that or any other comments? 

Answer: Not in the short time we have available. Sulfur bacteria 
uses sulfur as an energy course. They extract an electron from the sulfur 
rather than from the water, but they run a similar photosynthesis process 
to what we have in green plants and the energetics is about the same. 



Question: One thing I think you ought to point out to those who 
have gone to the other meetings is the difference between you using air 
dried tons and the oven dried tons we have used in some of the other studies. 

Mr. Benson: Yes. At least in our studies we have used the air 
dried ton of biomass as a measurement of yield and that is with the biomass 
material dried in air to its nominal air dry value of somewhere in the order 
of 12 to 18% moisture content. I understand that some other studies have 
used oven dried figures. 

Dr. Moss: The figures I used were oven dried figures. 



UTILIZATION OF LAND WITH LIMITED CAPABILITIES 

D r .  A. D.  McEl.roy 

Midwest Research I n s t i t u t e  

The focus of our  program i s  approximately 1 b i l l i o n  a c r e s  of land 
devoted t o  a g r i c u l t u r a l  product ion a s  cropland,  pas tu re ,  and rangeland. A 
major p a r t  of t h e  program i s  devoted t o  determining where t h i s  land i s  and 
what i t  i s  used f o r ,  as  w e l l  a s  determining what one might do d i f f e r e n t l y  
t o  enhance t h e  product ion of biomass. 

Tajard t h i s  end, we have taken advantage of information and d a t a  
developed i n  cons iderable  v a r i e t y  and d e t a i l ,  p r imar i ly  by the  Department 
of Agr i cu l tu re ,  wi th  t he  S o i l  Conservation Serv ice  p lay ing  a  very  important 
r o l c .  P a r t i c u l a r l y  important i s  t h e  Conservation Needs Inventory of 1967 
i n  which ' a g r i c u l t u r a l  land throughout t he  country i s  ca tegor ized  by land 
use.  These c a t e g o r i e s  a r e  c rops  of d i f f e r e n t  types i n  p a s t u r e ,  range, 
woodlands, farmlands and roads i d l e  o r  under conserva t ion  use.  The land 
i s  a l s o  descr ibed i n  t h i s  inventory  i n  terms of i t s  product ion c a p a b i l i -  
t i e s ,  which a r e  c a l l e d  land c a p a b i l i t y  c l a s s e s .  There a r e  e i g h t  major 
c1asse.s and fou r  subc la s ses ,  and t h e r e  can be a s  many a s  29 land use  
c l a s s e s .  This  i s  a  tremendous county-based d a t a  system on computer t apes ,  
so  one can use  i t  a s  t he  b a s i s  f o r  a  v a r i e t y  of ana lyses .  

The land c a p a b i l i t y  c l a s s e s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  c u r r e n t  
u se  of t h e  land a s  w e l l  a s  t o  i t s  c a p a b i l i t i e s  and se rve  a s  t h e  b a s i s  f o r  
developing a l t e r e d  product ion modes. 

To f u r t h e r  f i l l  ou t  t he  background of da t a  and informat-ion, we 
have used the  Stanford Research I n s t i t u t e  inventory of crops and crop r e s -  
idues ,  which SRI developed on a  county-by-county b a s f s  and can be aggre-  
gated i n  d i f f e r e n t  ways. We have a l s o  taken  1969 Census o f  Agr i cu l tu re  
information provided on a  county-by-county b a s i s  and have i n t e g r a t e d  t h i s  
i n t o  t h e  d a t a  system. 

An a n a l y s i s  of land u t i l i z a t i o n  has t h e  o b j e c t i v e  of desc r ib ing  
and quan t i fy ing  the  land and i t s  product ion c a p a b i l i t i e s .  The a n a l y s i s  
s t a r t s  wi th  the  c u r r e n t  s i t u a t i o n  and proceeds t o  an  eva lua t ion  of pos- 
s i b i l i t i e s  f o r  enhancing product ion c a p a b i l i t i e s  through a l t e r n a t e  u t i l i -  
z a t i o n  schemes based on d i f f e r i n g  crop scena r ios  and d i f f e r i n g  o r  increased  
u t i l i z a t i o n  of land.  The b a s i s  f o r , t h e s e  ana lyses  i s  t h e  va r ious  systems 
of information which d e s c r i b e  both t h e  c a p a b i l i t i e s  of t h e  land and i t s  u ses ,  
wi th  t h e  a n a l y s i s  being p a r t i c u l a r l y  s e n s i t i v e  t o  p o s s i b i l i t i e s  f o r  e f f e c t -  
ing g r e a t e r  u t i l i z a t i o n  of marginal  land ,  i d l e  land ,  and land which might 



perhaps be  b e t t e r  u t i l i z e d  f o r  biomass product ion in s t ead  of cont inu ing  i n  
i t s  p re sen t  use.  W e  have chosen t o  use t h e  land resource  a r e a  (LRA) ,  which 
d i v i d e s  t h e  count ry  i n t o  156 a r e a s ,  a s  t h e  b a s i c  u n i t  f o r  a n a l y s i s .  A t  
t imes i t  i s  convenient  t o  u se  t he  land resource  r eg ions ,  which d i v i d e  t h e  
count ry  i n t o  20 r e g i o n s ,  s i n c e  t h e s e  reg ions  g e n e r a l l y  r ep re sen t  land a r e a s  
which a r e  f a i r l y  homogeneous i n  c h a r a c t e r  and a g r i c u l t u r a l  use.  

Whet: do we mean Ly a l ~ e r n a t e  o r  improved u t i l i z a t i o n  of t h e  land 
resource?  We can t h i n k  of u s ing  acreages  which a r e  now considered t o  be  
i d l e ;  t h a t  i s , t h e y  a r e  i n  conserva t ion  use  o r  i n  e s t a t e s  which a r e  n o t  e f -  
f e c t i v e l y  used f o r  a g r i c u l t u r a l  product ion.  We can a l s o  think of modi f i  ~d 
uses  of  land which i s  p r e s e n t l y  devoted t o  some product ive  use .  For example, 
p a s t u r e  o r  range might be  d i v e r t e d  t o  more product ive  uses .  One can con- 

- - - . -  s i d e r  increased  use  .of w e t  s o i l s  which are .not- p a r t i c u l a r l y .  s n i  tcrl f o r  - - - - - - 
growrh of COYti o r  o t h e r  c rops .  Adapted c rops  i n  semiar id  a r e a s  might be 
considered f o r  biomass product ion.  A f i n a l  opkion might emphasize t h e  
growth of h igh  biomass y i e l d i n g  c rops  i n  present product ive  cropland a c r e -  
age.  

Table  1 g ives  t h e  1975 s t a t i s t i c s  on c rop  and hay land ac reages .  
These s t a t i s t i c s  r ep re sen t  acreages  p lan ted  t o  va r ious  c rops  o r  hay which 
have been ha rves t ed .  Acreages a r e  t abu la t ed  f o r  wheat,  co rn ,  hay, soy- 
beans,  o t h e r  small g r a i n s ,  t h e  sorghums, c o t t o n ,  tobacco,  vege t ab l e s  and 
f r u i t s ,  and s e v e r a l  c rops  which a r e  lumped toge the r  a s  miscel laneous c rops .  
Wheat and corn  a r e  t h e  major c rops ,  followed c l o s e l y  by soybeans and hay. 
Cotton and tobacco have no t  been included i n  our  ana lyses  of biomass pro- 
duc t ion ,  nor  have f r u i t s  and vege t ab l e s  and most of t h e  miscel laneous crops.  
I n  1975, 347 m i l l i o n  a c r e s  were devuLed Lu cropland p ~ o d u c t i o n .  From 4SU 
t o  470 m i l l i o n  a c r e s  a r e ,  however, included i n  what i s  c a l l e d  cropland i n  
t i l l a g e  r o t a t i o n ,  as shown i n  Table  2. This  acreage  inc ludes  land i n  sum- 
m e r  fa l low,  land i n  conse rva t ion ,  temporary p a s t u r e ,  and l i k e  c a t e g o r i e s ,  
which a r e  cons idered  t o  be i n  t h e  t i l l a g e  r o t a t i o n .  An approximately equa l  
ac reage  (about 465 m i l l i o n  a c r e s )  i s  i n  pas tu re  and range combined through- 
o u t  t h e  country.  The t h r e e  major ca tegor ies - -c ropland ,  p a s t u r e ,  and range-- 
add up t o  about  950 m i l l i o n  a c r e s ,  which i n  broad terms i s  t h e  resource  con- 
s ide red  t o  be  a v a i l a b l e  f o r  b io~nass  and food product ion from g r a s s e s  and 
g r a i n s .  Included i n  t h e  a g r i c u l t u r a l  land ca tegory  a r e  130 t o  150 m i l l i o n  
a c r e s  of  woodlands and f o r e s t s  w i t h i n  t h e  bounds of farms, and about  30 m i l -  
l i o n  a c r e s  of  land devoted t o  farmsteads,  roads ,  barnyards ,  e tc .  The t o t a l  
a c r eage  adds up t o  about  1.1 b i l l i o n  a c r e s .  

A f u r t h e r  breakdown of t h i s  land i s  s h m  i n  Table  3.  The a c r e -  
ages  of  p lan ted  and harves ted  g r a i n s  and hay, inc lud ing  summer fa l low,  a r e  
u s u a l l y  i n  t h e  range of 335 t o  380 m i l l i o n  a c r e s .  That land n o t  s p e c i f i -  
c a l l y  i n  cropland product ion ,  i . e . ,  used a s  temporary p a s t u r e  o r  i n  con- 
s e r v a t i o n  u s e ,  ranges from about  90 t o  130 m i l l i o n  a c r e s  p e r  yea r .  Thus, 



TABLE 1 

1975 CROP AND HAY ACREAGES 

PERCENT 
lo6 ACRES .OF TOTAL 

WHEAT 
CORN 
HAY 
SOYBEANS 
OTHER SMALL GRAINS 
SORGHUMS 
COTTON, TOBACCO 
VEGETABLES, FRUITS 
MISCELLANEOUS 

TOTAL 347 



TABLE 2 

i-' 
(X, 

ACREAGES OF FARML.4ND I N  BASIC  USE CATEGORIES 

CROPLAND 

PASTURE, RANGE 

12/00DLANDS, FORESTS 

FARMSTEADS, ETC . 

lo6 ACRES 

450-470 



TABLE 3 

UNITED STATES CROPLAND, PASTURE AND 
RANGE ACREAGE 

CROPLAND 

lo6 ACRES 

PLANTED/HARVESTED GRAI N/HAY, 
INCLUDI N G  CULTIVATED FALLOW 335-380 

PASTURE USE, CONSERVATION, ETC. 90- 130 

PASTURELAND 

PASTURE 100 

RANGE 365 



abou t  25% of  t h e  land c l a s s i f i e d  a s  cropland i s  not  a c t u a l l y  u t i l i z e d  f o r  
harves ted  c rops .  Permanent pas tu re  land acreage  i s  about 100 m i l l i o n  a c r e s ,  
whi le  about  365 m i l l i o n  a c r e s  a r e  c l a s s i f i e d  a s  range.  

The d i s t r i b u t i o n  of a g r i c u l t u r a l  land among t h e  va r ious  land capa-  
b i l i t y  c l a s s e s  i s  shown i n  Table  4. Most of t h e  Class  I land (36 m i l l i o n  
a c r e s  out  of 42 m i l l i o n  a 'cres)  i s  i n  cropland.  The remaining 6 m i l l i o n  Class  
I a c r e s  a r e  most ly  i n  p a s t m e .  The m a j n r  p ~ r t i o n  o f  cropland, 380 m i l l i o n  
a c r e s ,  i s  C la s s  I1 t o  I V  land.  These lands have l i m i t a t i o n s  which inc rease  
i n  s e v e r i t y  from Class  I1 t o  C la s s  I V .  The problems a r e  c l a s s i f i e d  a s  ero- 
s i v e n e s s ,  wetness ,  s o i l  problems, o r  c l ima te  problems. 

Peni~anent  p a s t u r e  occupies  some Class T land ( 4  mi.llicrn acrac) ; 
t h e  ma jo r i t y  ok p a s t u r e  lands (77 m i l l i o n  a c r e s )  i s  on C la s s  I1 t o  I V  l and ,  
and most of t h e  remainder occupies  C la s s  V to V I I  land.  The m a j o r i t y  of  
t h e  rangeland i s  i n  t h e  V t o  V I I  c a t ego ry ,  which means that most of t h e  
range occupies  land no t  we l l - su i t ed  f o r  product ion of  t i l l . ed  c rops .  About 
100 m i l l i o n  a c r e s  of range,  however, i s  Class  I1 t o  I V  land.  

I n  our  a n a l y s i s ,  w e  have proposed modified uses  f o r  p a r t  of t h e  
c u r r e n t  pa s tu re  and rangeland. It i s  a l s o  recognized t h a t  t h e  f r a c t i o n  of  
land c l a s s i f i e d  a s  c ropland ,  bu t  which i s  no t  s p e c i f i c a l l y  used f o r  growing 
c rops  i n  a p a r t i c u l a r  yea r ,  i s  a l s o  u n d e r u t i l i z e d ;  t h e  acreage  des igna ted  
i n  t he  Conservat ion Needs Inventory as "o ther  land n o t  i n  farms" i s  a l s o  
recognized a s  a  p o t e n t i a l  resource .  The fol1owi.n.g d i s cus s ion  i s  based on 
t h e  presumption t h a t  t h e s e  c a t e g o r i e s  of land a r e  i n  p r i n c i p l e  a v a i l a b l e  
f o r  modified product ive  use.  

Any a n a l y s i s  of p o g s i b i l i t i e s  f o r  enhancj.r?g biomacs product ion  
from g ra s se s  and g r a i n s  n e c e s s a r i l y  has  t o  be  conducted w i t h i n  t h e  frame- 
work o f :  (a)  p r e sen t  uses  and t h e  economic/social  va lues  a s s o c i a t e d  w i t h  
t he se  u se s ,  (b) b a s i c  l i m i t a t i o n s  t o  product ion such as topography, r a i n -  
f a l l ,  and s o i l ,  and ( c )  t h e  a v a i l a b i l i t y  of adapted p l a n t  s p e c i e s  which 
can g i v e  s i g n i f i c a n t  biomass y i e l d s  as  we1,l as  h e i n g  able t o  cope wi th  
fundamental p roduct ion  l i m i t a t i o n s .  A s  one can s e e  from t h e  d a t a ,  we 
p r e s e n t l y  devote  about  30 t o  35% of a l l  t he  land c l a s s i f i e d  a s  a g r i c u l -  
t u r a l  land t o  t i l l e d  c rops  and t o  harves ted  n o n t i l l e d  c rops .  This  a c r e -  
age can ha rd ly  be considered t o  be unde ru t i l i z ed  and thus a v a i l a b l e  f o r  
d i v e r s i o n  t o  b iomass-spec i f ic  p roduct ion ,  a l though i t  probably i s  t r u e  
t h a t  n o t  a l l  o f  t h i s  land i s  being used t o  i t s  f u l l e s t  p o t e n t i a l .  A t  . 
presen t  one shou ld . cons ide r  t h a t  our  prime a g r i c u l t u r a l  land i s  b e s t  
viewed i n  t he  con tex t  of combining f o o d l f i b e r  c rop  product ion wi th  ha r -  
v e s t i n g  of c rop  r e s idues  f o r  energy use.  



TABLE 4 

LAND USE DISTRIBUTION 

LAND CAPABILITY CLASS 

CROPLAND 36 380 2 2 0.1 

PASTURE 4 77 2 5 0.1 

RANGE 1 97 263 4.5 

OTHER LAND 0.6 - 12 7 

TOTALS 42 566 317 5 



Approximately 100 m i l l i o n  a c r e s  of t h e  450 m i l l i o n  a c r e s  of  crop- 
land a r e  n o t  p r e s e n t l y  used f o r  harves ted  crop product ion.  This  acreage  
i s  " idle1 '  a s  f a r  a s  crop product ion i s  concerned because i t  i s  being tem- 
p o r a r i l y  used f o r  p a s t u r e ,  o r  i s  included i n  e s t a t e s  o r  investment t r a c t s ,  
o r  i s  c l a s s i f i e d  a s  being under conserva t ion ,  i . e . ,  i n  some type  of perma- 
nent  cover .  The acreage  c o n s t i t u t e s  a  r e se rve  which would l i k e l y  be  used 
f i r s t  i f  ac reage  of major food crops i s  s i g n i f i c a n t l y  i nc reased .  How much 
o f  t h i s  might be  made a v a i l a b l e  f o r  biomass product ion i s  unknown. We have 
a r b i t r a r i l y  i nd i ca t ed  i n  Table  5  t h a t  50 t o  60 m i l l i o n  a c r e s  could be  a v a i l -  
a b l e ,  and have f u r t h e r  assumed cha t  it would be  p r imar i l y  C la s s  I1 t o  I V  
l ands .  

Tnventor ies  of  a g r i c u l t u r a l  land ehow t h a t  about 13 mil l ivr i  crcres 
( s e e  Table 5 )  of land i n  Classes  I 'through I V  f a l l .  i n  the "o ther  land nnt 

farms" ca tegory ,  which presumably inc ludes  such land a s  highway r i g h t s - o f -  
way. I t  i s  perhaps reasonable  t o  assume t h a t  50 t o  60% of t h i s  land could 
bc  put  i n t o  product ion .  

Permanent p a s t u r e ,  most of which i s  loca ted  i n  h igher  r a i n f a l l  
a r e a s  of,  t h e  United S t a t e s ,  occupies  about  100 m i l l i o n  a c r e s ,  81 m i l l i o n  
being i n  C la s s  I through I V  land--land which v a r i e s  from having no 1inii.La- 
t i o n s  ( c l a s s  I ,  4 m i l l i o n  a c r e s )  t o  s eve re  l i m i t a t i o n s  (Class  IV) t o  t i l l e d  
c rop  production. I n  p r i n c i p l e ,  most o f  t h i s  land could be d i v e r t e d  t o  b io -  
mass product ion ,  w i t h  biomass crops ranging from row crops  t o  smal l  g r a i n s  
t o  permanent o r  pe renn ia l  g r a s s e s  o r  legumes a s  t h e  l i m i t a t i o n s  i n c r e a s e  i n  
s e v e r i t y .  The p a s t u r e  acreage  (25 m i l l i o n  a c r e s )  i n  Classes  V t o  V I I  can 
probably be considered f o r  biomass product ion only t o  t h e  ex t en t  t h a t  i t  
i s  p r a c t i c a l  and econ.omically f e a s i b l e  t o  h a r v e s t  "hay" from n a t i v e  o r  i m -  
proved grasses. 

Rangeland i s  by f a r  t h e  l a r g e s t  r e s e r v o i r  of land which might be 
viewed a s  being "unde ru t i l i z ed . "  Here one must recognize t h a t  t h i s  land 
i s  v i t a 1 , t o  our  l i v e s t o c k  economy, and t h a t  t h e  l i v e s t o c k  segment of a g r i -  
c u l t u r e  w i l l  d i s p ~ i t e  i . t s  (.:la s ~ i  f i  c a t i o n  a c  ' ' unde ru t i l i e cd .  !' Accorcllklg Lu 

land inven to r i e s  ( s ee  Table  5 )  98 m i l l i o n  a c r e s  a r e  p o t e n t i a l l y  t i l l a b l e  
Class  I through I V  l and ,  wh i l e  263 m i l l i o n  a c r e s  a r e  e s s e n t i a l l y  n o n t i l l -  
a b l e  (Class  V through VI I ) .  Unfor tuna te ly ,  most of t h e  rangeland i s  i n  
low r a i n f a l l  a r e a s  i n  which one cannot  t h i n k  i n  terms of any bu t  modest 
biomass y i e l d s .  Never the less ,  one should n o t  t h r u s t  a s i d e  t h i s  land a s  
being unsu i t ab l e  f o r  biomass product ion un l e s s  i r r i g a t i o n  i s  provided,  b u t  
one should e v a l u a t e  t h i s  land a s  a  p o t e n t i a l  resource  f o r  producing drought-  
adapted p l an t  spec i e s .  The ex t ens ive  r e sea rch  on guayule may, f o r  example, 
f u r n i s h  the b a s i s  f o r  formula t ing  biomass s cena r io s  f o r  a r i d  lands having 
15 t o  20 i n .  of  annual  r a i n f a l l .  S i m i l a r l y ,  d ry- land  adapted p l a n t s  such 
a s  g i a n t  reed may provide a  s p e c i e s  f o r  u t i l i z a t i o n  of  rangeland which has  
r a i n f a l l  of t h e  o r d e r  of 20 i n l y e a r .  



TABLE 5 

"UNDERUTI LIZED LAND" 

lo6 ACRES 
CLASS I CLASS II - IV CLASS V - Vlll  

CROPLAND - 60 

PASTURE 

RANGE 1 

OTHER 1 12 7 

TOTALS 6 246 295 



About 25% of  t he  approximately 550 m i l l i o n  a c r e s  def ined  a s  under- 
u t i l i z e d  land occurs  i n  t he  e a s t e r n  p a r t  of t h e  country where annual  r a i n -  I 
f a l l  exceeds 25 i n . ;  about  50% i s  loca ted  i n  a r e a s  w i t h  16 t o  25 i n .  of r a i n ,  
and the  remaining 25% rece ives  l e s s  than 15 i n .  I f  r a i n f a l l  were t h e  on ly  
c r i t e r i o n  ( i . e . ,  i f  s o i l ,  topography and c l ima te  do not  l i m i t  p roduc t ion ) ,  
t h e  h igher  r a i n f a l l  a r e a s  should be capable  of biomass y i e l d  of 3 t o  5 tons 
p e r  a c r e  on an average  and cons iderab ly  h ighe r  i n  l im i t ed  a r e a s ;  t h e  median 
range should be capable  of from 1 t o  3 tons per  a c r e ,  and t h e  lower r a i n f a l l  
a r e a s  w i l l  g e n e r a l l y  produce l e s s  than  1 ton  pe r  a c r e  per  year .  Since t h e  
u n d e r u t i l i z e d  or .marg ina1  land . u sua l ly  has some b a s i c  l i m i t a t i o n  t o  produc- 
t i v i t y ,  a t ta inment  of such y i e l d s  may not  be a t  a l l  p o s s i b l e  much of t h e  
t ime,  and w i , l l  g e n e r a l l y  i n  o t h e r  a r e a s  r e q u i r e  t h e  use of crop management 
techniques which l i m i t  economic f e a s i b i l i t y .  

Wlth regard t o  t h e  problems a s soc i a t ed  w i th  b e t t e r  u t i l i z i n g  t h e  
marginal  l and ,  approximate percentages of d i f f e r e n t  land c l a s s c s  a r e  a s  f o l -  
lows: IIe-TVe, 282; I I w - I V w ,  82, 11s-IVs, 5%; I Ic - IVc ,  5%; Ve-VIIe, 28%; 
V w - V I I w ,  2%; V s - V I I s ,  22%; and Vc-VIIc, 3%. The I Ie - IVc  and w lands thus  
comprise about  36% of a l l  u n d e r u t i l i z e d  land,  and t h e s e  would l i k e l y  be ' 

p r i n c i p a l  cand ida t e s  f o r  u t i l i z a t i o n  f o r  biomass product ion.  The Ve-VIIe 
and w land,  about 30% of u n d e r u t i l i z e d  land ,  would be  more d i f f i c u l t  t o  
b r i n g  i n t o  product ion.  The lands w i t h  s o i l  ( s )  and c l ima te  ( c )  l i m i t a t i o n s  
would no t  l i k e l y  he considered a s  candida tes  f o r  biomass product ion .  

I n  summary, some 500 t o  600 m i l l i o n  a c r e s  of t h e  U.S. a g r i c u l t u r e  
resuurce  i s  c u r r e n t l y  n o t  i n  c rop  o r  hay product ion ,  much of i t  deservedly  
so .  Thcse a c r e s  are, f o r  t h e  most p a r t ,  s e r i o u s l y  l im i t ed  when viewed i n  
terms of c l ~ l t i v a t e d  c rop 'p roduc t ion .  The s h i f t i n g  r e s e r v o i r  of cropland 
n o t  i n  c rops ,  75 t o  100 m i l l i o n  a c r e s ,  should most r e a d i l y  adapt  t o  
biomass-for-energy product ion ;  t he se  a c r e s  a r e  i n v e n t o r i e s  a s  p a r t  of  t h e  
c roplhay  product ion resource ,  and t h e r e  i s  t h e  danger t h a t  i nd i sc r imina t e  
s h i f t i n g  i n t o  biomass product ion  w i l l  impair  c rop  product ion c a p a b i l i t i e s .  
The 12 t o  13 m i l l i o n  a c r e s  c l a s s i f i e d  a s  o t h e r  land i n  farms i s  a  poten-  
t i a l  resoun-ce., whnse u l t i m a t c  va lue  i s  lesselled by irs d l t t u s i v i t y ,  b u t  
which presumably could be brought i n t o  product ion wi thout  impacting crop 
and hay product ion.  Permanent pas tu re ,  100 m i l l i o n  a c r e s ,  of  which 80 
m i l l i o n  i s  Class  I t o  I V  l and ,  i s  a  s i g n i f i c a n t  p o t e n t i a l  r e sou rce ,  loca ted  
most ly  i n  h ighe r  r a i n f a l l  a r e a s .  F i n a l l y ,  about  100 m i l l i o n  a c r e s  of range- 
land i s  p o t e n t i a l l y  t i l l a b l e  Class  I t o  I V  l and ,  bu t  t h e s e  a c r e s  a r e  loca ted  
p r imar i l y  i n  a r i d  t o  semiar id  p a r t s  of t he  count ry .  Diversion of t h e ' p o t e n -  
t i a l l y  a v a i l a b l e  u n d e r u t i l i z e d  land i n t o  biomass product ion w i l l  be i n  con- 
f l i c t  w i th  o t h e r  b e n e f i c i a l  u s e s ,  bo th  f o r  crop product ion and f o r  l i v e s t o c k  
product ion ,  and t h i s  b a s i c  i s s u e  mus t , be  c a r e f u l l y  ana lyzed ,  The p r i n c i p a l  



t e c h n i c a l  problem c o n s i s t s  of f i nd ing  and adapt ing  combinations of biomass 
crops t h a t  a r e  t h e  most p r a c t i c a l  and economical and employing c u l t u r a l  
p r a c t i c e s  necessary  t o  i n s u r e  s i g n i f i c a n t  and l a s t i n g  p roduc t iv i ty ,  s i n c e  
a  ma jo r i t y  of t h e  unde ru t i l i zed  land has one o r  more problems. 

QUESTION: I have two s p e c i f i c  ques t ions .  

One, have you included acreage  f o r  sugarbee t  and sugarcane? I 
cou ldn ' t  guess  where you put i t .  

DR. McELROY: The acreages  a r e  included i n  o v e r a l l  ana lyses  of 
land a v a i l a b i l i t y .  The M R I  s tudy  does n o t ,  however, inc lude  sugarbee ts  
a s  a  biomass product.  

QUESTION: Second, did you inc lude  t h e  t i l l a g e  land i n  Hawaii, 
Alaska and Puer to  Rico? 

DR. McELROY: No, we d id  no t .  

QUESTION: What i s  t h e  c o s t  of b r ing ing  land i n  va r ious  c l a s s e s  
under production? 

DR. McELROY: We have no t  g o t  i n t o  t h a t  i n  any d e t a i l .  We do 
know that e ros ion  c o n t r o l ,  f o r  cxclmplc, oan be c o s t l y  enough t o  have a 
s e r i o u s  impact on production c o s t s .  This  i s  a t o p i c  which has t o  be eva l -  
uated i n  depth ,  bu t  i n  r e l a t i o n  t o  o t h e r  product ion.and conversion c o s t s .  

QUESTION: I was wondering i f  some of t h e  land might be over- 
u t i l i z e d .  For  example, you showed 22 m i l l i o n  a c r e s  of cropland i n  t h e  
Class  V t o  V I I  category.  I s  i t  p o s s i b l e  t h a t  some of t h a t  ought t o  be 
changed from cropland t o  o t h e r  uses  such as range o r  pas ture?  

DR. McET,ROY: There a r e  indeed f a i r l y  l a r g e  acreages  of land 
wi th  "ser ious" l i m i t a t i o n s ,  by C N I  c r i t e r i a ,  i n  cropland.  It would ap-  
pear  t h a t  some of t h i s  land i s  "overu t i l i zed"  and might i n  f a c t  be put  
t o  b e t t e r  use--perhaps f o r  biomass product ion.  For example, marginal  land 
now i n  g r a i n  c rops  might be  b e t t e r  used t o  grow pe renn ia l  g ra s ses  o r  s o r -  
ghums--if a  market f o r  t he  biomass were a v a i l a b l e .  

QUESTION: Is t h e  concept of t h e  c o r r e c t  l e v e l  of u t i l i z a t i o n  
keyed t o  s u s t a i n  y i e l d s  under p re sen t  agronomic p r a c t i c e s ?  How i s  t h a t  
a c t u a l l y  def ined?  

I f  you s t a r t  t o  c l a s s i f y  land a s .  t o  whether i t ' s  u t i l i z e d  co r -  
r e c t l y  o r  unde ru t i l i zed  o r  perhaps o v e r u t i l i z e d ,  j u s t  what i s  t h e  c r i t e -  
r i o n ?  Is it sus ta ined  y i e l d s  a t  c u r r e n t  i npu t s?  



DR. McELROY: The Department of Agr i cu l tu re  c l a s s i f i e s  land on 
t h e  b a s i s  of  i t s  a b i l i t y  t o  s u s t a i n  y i e l d s  over  t h e  long hau l ,  and our  
a n a l y s i s  i s  keyed t o . t h i s  c r i t e r i o n .  The c o r r e c t  l e v e l  of u t i l i z a t i o n  
w i l l  s u r e l y  r e q u i r e  modi f ica t ion  of p re sen t  agronomic p r a c t i c e - - f o r  b i o -  
mass product ion--ranging from adapt ing  and us ing  biomass-producing spe- 
c i e s ,  which a r e  t a i l o r e d  t o  d e a l  w i th  land l imi t a t ions ,  t o  implementation 
of measures such a s  conserva t ion  p r a c t i c e s  aimed a t  maintaining land capa- 
b i l i t i e s .  

QUESTION: Were t h e  m i l l i o n s  of a c r e s  of i d l e  land a s soc i a t ed  
w i t h  our  i n t e r s t a t e  system considered? Our 40 some.thousand mi les  of i n -  
t e r s t a t e  highways a r e  a s soc i a t ed  wi th  a tremendous land acreage ,  some i n  
t h e  h e a r t  of t he  r i c h e s t  country.  This i s  i d l e  I.and on which biomaoo 
could be produced. Did you cons ider  t h i s  a t  a l l ? .  

DR. McELROY: I ' m  no t  s u r e  how t h a t  land f i t s  i n t o  C N I  d e f i n i -  
t i ons ' and  inven to r i e s .  I wou1.d guess t h a t  land probably f i t s  in t h e  ca t e -  
gory of "o ther  land not  i n  farms," IS t h a t ' s  t .n lpj  we. have includad t h a t  
].and a s  a v a i l a b l e  o r  unde ru t i l i zed  land.  

QUESTION: You would have t h e  same problem wi th  i d l e  land i n  
urban a r e a s .  

DR. McELROY: Right.  

QUESTION: I s  t h e r e  any p lan  f o r  updat ing t h a t  1967 Conserva- 
t i o n  Needs Inventory? 

DR. McELROY: I asked t h a t  ques t ion  of USDA i n  B e l t s v i l l e  3 
o r  4 months ago. The answer was a q u a l i f i e d  yes ,  bu t  I understand t h a t  
forthcoming inven to r i e s  w i l l  d i f f e r  s u b s t a n t i a l l y  i n  format from t h e  
1967 inventory .  USDA does have i n  pr0gres.s ano the r  inventory ,  which 
might be a v a i l a b l e  w i t h i n  2 o r  3 yea r s .  

QUESTION: May I address  t h a t  just a minute? The USDA S o i l  
Conservation Serv ice  i s  p u t t i n g  out  a p o t e n t i a l  cropland s tudy  which i s  
based on a sampling of t h e  o r i g i n a l  1967 C N I  and t h a t  w i l l  publ ished 
t h i s  year .  



BIOMASS POTENTIAL FROM UNDEREXPLOITED SPECIES 

D r .  A. D. Al len  
Midwest Research I n s t i t u t e  

Now, underexploi ted c rops ,  you probably wonder what t h e  term means. 
Actua l ly ,  underexploi ted c rops  could mean a l o t  of t h ings .  A hundred yea r s  
ago r ed ,  sp r ing  wheat was an  underexploi ted crop. Seventy-five yea r s  ago soy- 
beans w a s  a n  underexploi ted crop. F i f t y  yea r s  ago f l a x  i n  C a l i f o r n i a  was an  
underexploi ted crop.  These a r e  c rops  t h a t  have been grown i n  o the r  po r t ions  
of t h e  world, b u t  then  are adapted t o  new uses  o r  new a r e a s .  

I n  t h i s  con tex t ,  we have looked a t  t h e  crops t h a t  could be  grown 
f o r  t h e i r  hydrocarbon content ,  have been used as a source  of f i b e r s ,  o r  perhaps 
even a s  ornamentals. Now, each of you I ' m  s u r e  can t h i n k  of o t h e r  types  of 
c rops  such a s  pigweed t h i s t l e  o r  Johnson grass . .  A l l  of t h e s e  are f a i r l y  good 
biomass producers and have been evaluated.  

A p l a n t  which you have seen i n  t h e  news r e c e n t l y  has been D r .  Melvin 
Calv in ' s  gaso l ine  p l a n t ,  which is  a Euphorbia spec i e s .  A r t i c l e s  o r i g i n a l l y  ' 

quoted him t o  t h e  e f f e c t  t h a t  t h i s  p l a n t  would produce from 10 t o  50 b a r r e l s  
of o i l  pe r  a c r e ,  however, I t h i n k  t h e  c o r r e c t  s ta tement  t h a t  he had given was 
from 2 t o  20 b a r r e l s  of o i l  per  ac re .  This  s p e c i f i c  p l a n t  is  a s m a l l  d e s e r t  
bush which grows i n  t h e  semiarid a r e a s  of Ca l i fo rn i a .  Cur ren t ly ,  t h e r e  is  
n o t  enough information t o  proper ly  eva lua t e  t h i s  p l a n t  s o  i t  is  not  included 
i n  t h i s  eva lua t ion ,  b u t  i t  is  an  i n t e r e s t i n g  crop and I am s u r e  t h a t  you w i l l  
hear  more about i t .  

I f i r s t  want t o  mention some of t h e  f a c t o r s  t h a t  would make an 
underexploi ted crop i n t o  a n  economically v i a b l e  crop. 

Fe.ctors Affec.ti,ng the. Establi.shme.nt. .nf a New Crop 

One of t h e  f a c t o r s  t h a t  i n f luence  t h e  in t roduc t ion  of a new crop 
is  t h e  gene t i c  v a r i a b i l i t y  of a crop and how f l e x i b l e  it is. For example, 
when a crop i s  f i r s t  introduced,  i t  may have been s e l e c t e d  from some primi- 
t i v e  a g r i c u l t u r a l  a r e a  o r  from c u l t i v a t e d  c rops  grown i n  another  country.  
A s  t h e s e  underexploi ted c rops  a r e  s e l e c t e d  f o r  h igh  biomass y i e l d ,  we w i l l  
s e e  some v a r i a b i l i t y  w i t h i n  v a r i e t i e s  grown under t h e  new cond i t i ons .  

An example of t h i s  was saf f lower  when it  was f i r s t  introduced i n  
Ca l i fo rn i a .  One s p e c i e s  was introduced from t h e  Sudan and one from Egypt. 
A s  growing experience progressed wi th  t h i s  p l a n t ,  s e l e c t i o n s  were made from 
t h e  Sudan in t roduc t ion  which was a very  good v a r i e t y  and today t h e r e  is  none 
of t h e  Egypt s p e c i e s  being grown. 



Another i n t e r e s t i n g  f e a t u r e  is  t h e  cond i t i ons  under which t h e s e  
c rops  t h r i v e .  For example, it has  been found t h a t  t h e  g ra s ses  t h a t  grow 
under t h e  more s t r e s s f u l  condi t ions  such a s  along t h e  margins of f o r e s t s  
and on h i l l s i d e s  a r e  much b e t t e r  adapted p l a n t s  than t h e  g ra s ses  t h a t  grow 
out  i n  t h e  middle of t h e  grass land  a r e a s .  

A s  t h e  p re s su re  of p l an t ing  inc reases  wi th  new crops ,  t h e  biomass 
y i e l d s  w i l l  b e  v a r i a b l e  because consciously o r  unconsciously s e l e c t i o n s  w i l l  
be made. 

Crop Design and Growth P a t t e r n  

One n f  t h ~  m n s t  important f aa tu rao  i n  a ncw e m p ,  of cuu~se ,  Is Its 
des ign  and i t s  p a t t e r n  of growth. The na tu re  of seed prnduct ion i s  31~0 im- 
yurranr.  Does i t  grow from seed o r  from v e g e t a t i v e  propagation? I f  i t  does 
r e q u i r e  v e g e t a t i v e  propagat ion,  then t h i s  i nc reases  p l an t ing  c o s t s  and i t  
almost f o r c e s  i t  t o  be a  pe renn ia l  p l a n t  so t h a t  t he  p l a n t i n g s  w i l l  l a s t  f o r  
q u i t e  a b i t  longer .  

P l a n t s  s e l e c t e d  f o r  h igh  biomass y i e l d  should be  energy conserving.  . 
Energy conserving p l a n t s  a r e  those  t h a t  do not  r e q u i r e  excess ive  amounts of 
i r r i g a t i o n  o r  exces s ive  amounts of f e r t i l i z e r  and can be grown under adverse  
cond i t i ons  o r  on t h e  poorer  types  of land r e f e r r e d  t o  as unde ru t i l i zed  land .  
These p l a n t s  should be  a b l e  t o  withstand s o i l  condi t ions  when t h e  s o i l  mois- 
t u r e  i s  below t h e  w i l t i n g  po in t  and s t i l l  have t h e  a b i l i t y  t o  withstand con- 
d i t i o n s  such as be ing  covered wi th  water ;  which may cause damping o f f  o r  r o o t  
r o t  of t h e  p l a n t ,  

One of the new crops  hat has been introduced i n  the r e c e n t  p a s t  
has  been t h e  c a s t o r  p l a n t .  When i t  was f i r s t  introduced i t  w a s  a  p l a n t  
t h a t  made a  ve ry  rank  heavy growth wi th  seeds t h a t  matured a t  d i f f e r e n t  
t i m e s .  This r e s u l t e d  i n  t h e i r  s h a t t e r i n g  ou t ,  s o  t h e r e  were very  few seeds  
l e f t  on t h e  p l a n t  a t  ha rves t .  By t h e  process  of s e l e c t i o n ,  t h e  in te rnode  
d i s t a n c e  on the$e  p l a n t s  has  berm shortened,  tho p l a n t  hao been reduced, and 
t hose  p l a n t s  t h a t  were more uniform i n  t h e  ma tu r i t y  have been s e l e c t e d .  How- 
ever ,  they have de fea t ed  t h e  purpose of our requirement f o r  biomass product ion 
a s  we want a  r anke r  growing p l a n t .  Therefore,  t h e  c a s t o r  p l a n t  is  now not  
a s  good a  biomass producer a s  i t  was a t  one t i m e ,  bu t  t h e  ha rves t ing  i s  much 
e a s i e r .  

Another p l a n t  t h a t  has  no t  been popular f o r  i t s  intended use  a s  a 

b a s t  f i b e r  p l a n t  w a s  t h e  ramie p l a n t .  This  p l a n t  is  a good f i b e r  p l a n t ,  bu t  
because of d i f f i c u l t y  of e x t r a c t i o n  of f i b e r ,  o t h e r  p l a n t s  such as kenaf ,  ex- 
p re s so  g r a s s ,  and s i m i l a r  c rops  have become more important .  



Genetic Adjustments 

The i n t r o d u c t i o n  of a gene f o r  s h o r t e r  i n t e rnodes ,  f o r  example, 
has  made i t  e a s i e r  t o  ha rves t  c a s t o r  beans. Se l ec t ion  f o r  t h i s  f a c t o r  has  
a l s o  been accomplished w i t h  corn. We could see ,  t h e r e f o r e ,  how i f  w e  s e l e c t e d  
a corn  p l a n t  f o r  a longer  i n t e rnode  we might perhaps reduce t h e  corn g r a i n  
y i e l d  s l i g h t l y  b u t  would have a more s u i t a b l e  dua l  purpose crop--one t h a t  
would g ive  u s  a h igher  s t o v e r  y i e l d  whi le  s t i l l  producing s u b s t a n t i a l  quan- 
t i t i e s  of corn  g r a i n  per  ac re .  

Another problem t h a t  is  as soc ia t ed  wi th  gene t i c  adjustments  i s  g e n e t i c  
e ros ion .  When a s p e c i f i c  c h a r a c t e r i s t i c  is s e l e c t e d ,  o f t e n  t h e  e ros ion  of another  
d e s i r a b l e  c h a r a c t e r i s t i c  occurs.  The b e s t  way t h a t  t h i s  is  con t ro l l ed  i s  by 
keeping t h e  o r i g i n a l  gene base i n  i t s  o r i g i n a l  form loca t ed  i n  seed banks, one 
of which i s  loca t ed  a t  F o r t  Co l l i n s ,  Colorado. 

It i s  p o s s i b l e  t o  make t h e  s y n t h e s i s  of a new crop through gene com- 
b ina t ions .  One of t h e  c rops  i n  which t h i s  has  occurred is  corn. Corn o r ig in -  
a l l y  had an  e a r  on t h e  t a s s e l  b u t  through s e l e c t i o n  t h e  e a r  was moved t o  t h e  
middle of t h e  s t a l k .  Other c ros ses  such a s  wheat and r y e  have been combined t o  
form t h e  hybrid t r i c a l a t e .  

Some of t h e  more d e s i r a b l e  combinations would perhaps y i e l d  p l a n t s  
wi th  d i s t i n c t i v e  v e g e t a t i v e  o r  agronomic c h a r a c t e r i s t i c s  which would be 
adapted t o  g r e a t e r  , temperature extremcs or  t o  moisture s t r e s s .  I n  p l an t  adap- 
t a b i l i t y  another  po in t  t o  cons ider  i s  t h e  p l an t ing  and h a r v e s t i n g  machinery. 
Can we use  s h e l f  machinery o r  c u r r e n t l y  a v a i l a b l e  machinery? I f  so,. it 
is only a ma t t e r  of adap ta t ion .  O r  does i t  r equ i r e  major r e v i s i o n s .  Occa- 

s i o n a l l y ,  a whole new l i n e  of machinery has  t o  be developed a s  f o r  t h e  c a s t o r  
p l a n t .  It r e q u i r e s  two d i f f e r e n t  i t e m s  of machinery f o r  ha rves t ing .  One, a 
ha rves t e r ,  and t h e  second, a h u l l e r  i n  o rde r  t o  handle t h i s  p l a n t .  On t h e  
o the r  hand, sa f f lower  and sunflower can be handled wi th  convent ional  machinery. 

Some nf t h e  y i e l d s  of t h e s e  underexploi ted crops a r e  q u i t e  heavy and 
they would s t r a i n  t h e  capac i ty  of t h e  ha rves t ing  machinery c u r r e n r l y  a v a i l a b l e .  
It would r e q u i r e  much heav ie r  du ty  and h igher  capac i ty  machinery i n  order  t o  
handle t h e s e  h igh  biomass crops.  

I f  we a r e  cons ider ing  a p l a n t  such a s  c a t t a i l ,  which i s  grown i n  a '  
pea t  bog, i t  i s  necessary  t o  have a machine t h a t  has  f l o t a t i o n  p r i n c i p l e s  i n  
o rde r  t o  h a r v e s t  t h e  a e r i a l  po r t ion .  Also, i f  w e  want t o  ha rves t  some o r  a l l  
of t h e  underground rhizomes, then  it i s  necessary  t o  have a second type  of 
ha rves t e r  f o r  t h i s  p o r t i o n  of t h e  p l a n t .  



Some of t h e  a d d i t i o n a l  requirements  of ha rves t ing  machinery a r e  
t h e s e  machines i n c r e a s e  t h e  bulk d e n s i t y  of a  harves ted  crop t o  make i t  e a s i e r  
t o  t r a n s p o r t .  This  would inc lude  higher  d e n s i t y  b a l e s ,  p e l l e t i n g ,  cubing, 
wafer ing,  chopping and self-formed s t a c k s .  

Moisture content  becomes very  important  i n  t h e  ha rves t ing  of a l l  
immature and mature growing p l a n t  m a t e r i a l .  The moisture content  may run  
a s  h igh  a s  90% i n  sane p l a n t s ,  e s p e c i a l l y  aquatic. IL is very d i f f i c u l t  t o  
a i r  d r y  t h e s e  p l a n t s  wi th  very  h igh  moisture content  a s  u sua l ly  t h e r e  is  a l s o  
a  h igh  humidi.t.y i n  t h e  a r ea .  Theref o re ,  some type of c.ompressing or  dewater- 
i ng  must b e  used. 

Another important po in t  i n  grnwinp; n. CXQP i o  nilrsrp.q.rs, N ~ L u r a l l y  
co be continued t o  'be grown, a  p l a n t  must be s u c c e s s f u l ,  I f  iinsrlccessful 
u v r r  an eri . t~ire a r e a  where i t  i s  p lan ted ,  a crop w i l l  be d iscarded .  Usually 
i n  experimental  p l a n t i n g s  of any crop,  some crop fa i lures :  w i l l  occur b u t  'I'l.r>r- 
mally t h e r e  w i l l  b e  enough h igh  y i e l d s  t o  ove r r ide  t h i s .  An examination of 
t h e  growth and t h e  c u l t u r e  p r a c t i c e s  t h a t  t he  succes s fu l  growers have followed 
i n d i c a t e s  s u c c e s s f u l  management p r a c t i c e s  f o r  sus t a ined  area product ion.  

I w i l l  j u s t  touch on markets and marketing arrangements. The con- 
ve r s ion  p l a n t s  would b e  t h e  most r e a d i l y  ava i l ab l e 'marke t  f o r  t hese  new crops.  
These conversion p l a n t s  would be s t r a t e g i c a l l y  l oca t ed  i n  t h e  cen te r  of t h e  
mafn product ion a r e a .  The marketing arrangements wi th  t h e  producers would very  . 

l i k e l y  be some form of c o n t r a c t u a l  arrangement. 

It i s  a  n e c e s s i t y  t o  provide f o r  a sus t a ined  market t o  have s u f f i -  
c i e n t  acreage  a v a i l a b l e .  I t .wou ld  r e q u i r e  c o n s i s t e n t  acreage t h a t  could be 
a v a i l a b l e  on a year-around peri .nd, 

It i s  necessary  t o  have some type  of promotion and advisory  s e r v i c e  
t o  c a r r y  t h e  new crop  information out  t o  t h e  people and promoce i t s  succes s fu l  
a t t r i b u t e s .  Of course ,  wi th  ollr p re sen t  communications t h i s  i s  handled f a i r l y  
r a p i d l y .  You r e c a l l  some of t h e  problems i n  t h e  Southwest and t h e  blaclcland 
a r e a  of Texas when they  were running i n t o  probl.ems wi th  t h e  ~orghum aphid.  
U n t i l  t h e  sorghum aphid r e s i s t a n t  v a r i e t i e s  were developed, many producers 
changed over t o  sunflower production. It d i d  not  t ake  very  long f o r  t h i s  
change. Some of t h e  b a s i s  f o r  t h i s  r ap id  change could be t raced  t o  anocller 
s tudy  which MRI conducted where we found t h a t  over 50% of che producers g e t  
t h e i r  crop informat ion  from t h e  e l e v a t o r  ope ra to r s .  I n  t h i s  i n s t ance ,  i t  did 
n o t  rake  very  long  f o r  t h e s e  producers  t o  f i n d  out  t h a t  t h e  money was i n  a  
new crop,  sunflowers ,  and no t  i n  nonaphid r e s i s t a n t  sorghums. Therefore,  
promotion of a new crop does not  t ake  too  long i f  t h e  economic b e n e f i t s  a r e  
p re sen t .  



Occasional ly i t  i s  necessary t o  provide a subsidy f o r  a new crop.  
Sponsorship by i n d u s t r y  may be necessary  and i f  t h i s  does not  produce enough 
i n t e r e s t ,  then  s u b s i d i e s  by t h e  government may be a neces s i ty .  This has  
occurred i n  two in s t ances  wi th  s t r a t e g i c  war m a t e r i a l s .  One was i n  t h e  pay- 
ments f o r  c a s t o r  beans dur ing  t h e  Korean War. When t h e  p r i c e  per  pound v a r i e d  
from 6 t o  10  c e n t s ,  t h e  acreage  r e f l e c t e d  almost d i r e c t l y  t h e  p r i c e  subsidy.  
However, i n  Canada when t h e  subs id i e s  were removed from rapeseed t h e  acreage  
dropped, b u t  sponsorship by indus t ry  has  s t imu la t ed  an i n c r e a s e  i n  t h e  produc- 
t i o n  of rapeseed.  

P e s t s  a r e  always an  important cons ide ra t ion  wi th  a new crop.  Kenaf 
has a ve ry  s e r i o u s  r o o t  nematode problem and it could w e l l  b e  a l i m i t i n g  f a c t o r  
i n  widespread product ion.  However, some of the.  chemicals f o r  t h e  c o n t r o l  of 
corn rootworm could perhaps be used f o r  b a s i s  f o r  some c o n t r o l .  Oftentimes 
many p e s t  c o n t r o l  t rea tments  f o r  similar crops can a l s o  be u t i l i z e d  f o r  p e s t  
c o n t r o l  on t h e  new crops.  Diseases  which a f f e c t  a s p e c i f i c  crop may a l s o  be 
r eg iona l .  For example, t h e  c a s t o r  p l a n t ,  which i n  i t s  p l ace  of o r i g i n ,  Af r i ca ,  
is badly a f f e c t e d  by r u s t ;  i s  n o t  a f f e c t e d  by t h i s  problem a t  a l l  i n  t h e  
United S t a t e s .  

Crops which have been s e l e c t e d  f o r  t h e i r  economic va lue  a s  food o r  
f i b e r  producers may w e l l  b e  adapted f o r  biomass product ion.  Kenaf is  a b a s t  
f i b e r  product which i s  used t o  a l imi t ed  ex ten t  a s  a non-wood crop f o r  paper 
pulp product ion.  Considerable t ime and i n t e r e s t  has  been inves ted  i n  t h i s  
crop over t h e  l a s t  few years .  The USDA c u r r e n t l y  has  two persons i n  Savannah, 
Georgia, working f u l l  t ime on t h i s  crop. The growth reg ion  f o r  t h i s  crop 
extends gene ra l ly  over t h e  same a r e a  t h a t  corn and soybeans can be grown. Th.e 
y i e l d s  vary  from about  15  o r  s o  tons  i n  t h e  Southeast  on down t o  about 2-112 
tons  i n  t h e  extreme no r the rn  a r e a  of t h e  corn b e l t .  

Cu l tu re  p r a c t i c e s  wi th  kenaf a r e  very  similar t o  corn  i n  t h a t  i t  is  
an annual  row crop.  Harvest ing is  gene ra l ly  done wi th  t h e  same machinery used 
t o  put  up corn  s i l a g e .  

Another very  s i m i l a r  crop i s  r o s e l l e .  However, it does not  have 
t h e  d e s i r a b i l i t y  as a b a s t  f i b e r  producer a s  kenaf ,  bu t  i s  a l i t t l e  longer  
growing p l a n t  o r  l a t e r  maturing p l a n t .  It a l s o  has  a s u p e r i o r i t y  i n  t h a t  i t  
i s  r e l a t i v e l y  r e s i s t a n t  t o  t he  r o o t  knot nematode which is q u i t e  a problem 
wi th  kenaf.  Therefore,  i t  has t o  be considered a s  a replacement p l a n t  f o r  
kenaf i n  t hose  a r e a s  where t h e  nematode problem is  severe .  

The next  crop is  one t h a t  has  been known s i n c e  b i b l i c a l  days,  t h e  
very i n t e r e s t i n g  p l a n t  c a l l e d  g i a n t  reed ,  Arundo Donax. This  p a r t i c u l a r  p l a n t  



i s  used p r imar i ly  today a s  a  source of reeds  f o r  woodwind instruments .  
France t r a d i t i o n a l l y  h a s  grown t h e  b e s t  q u a l i t y  reed which a r e  t h e  p re fe r r ed  
reed by many musicians.  Also, t h e  crop has  been grown i n  I t a l y  f o r  u t i l i z a -  
t i o n  a s  an i n g r e d i e n t  i n  rayon manufacture. This  crop gene ra l ly  grows b e s t  
i n  t h e  warmer a r e a s ;  b u t  i t  can s tand  q u i t e  a  b i t  of cold temperature dur ing  
t h e  dormant per iod;  however, i f  a  f r e e z e  occurs  a f t e r  i n i t i a t i o n  of sp r ing  
growth, it w i l l  k i l l  t h e  p l a n t  back. Giant reed i s  a  pe renn ia l  which is  
p lan ted  from r o o t  s e c t i o n s  of vege ta t ive  c u t t i n g s .  

Under p re sen t  cond i t i ons ,  g i a n t  reed does not  o f f e r  a  p o t e n t i a l  a s  
a  c u l t i v a t e d  crop i n  t h e  U.S. f n r  any llse o the r  than  b i o m c o ,  t h c r c f o r e ,  very 
l i t t l e  i n t e r e s t  has  been taken i n  growfng t h i s  crop i n  t h e  U.S. except f o r  
e ros ion  c o n t r o l ,  s h e l t e r  b e l t s  o r  ornamental. 

Among t h e  non-woody r a p i d l y  growing p l a n t s ,  t h i s  spec i e s  i s  one 
of t h e  h ighes t  producers  of c e l l u l o s e .  The y i e l d s  on it va ry  depending on 
s o i l  f e r t i l i t y .  Some i n t e r e s t i n g  y i e l d  e s t ima te s  from va r ious  a r e a s  run up 
t o  a s  high a s  40 t o  50 tons  of d r y  ma t t e r  per  ac re .  However, t h e s e  y i e l d s  
a r e  considered t o  be f a r  above average,  yields on t h i s  p l a n t  will p r o b a b l y ,  

average i n  t h e  12, 15 ,  1 8  t o n l a c r e  ca tegory  and t o  a  much l e s s e r  ex t en t  i n  
some of t h e  o t h e r  a r e a s  where t h e  s o i l  is  l e s s  fe r t , i . l e .  For example, i n  
Argentina i n  some s t u d i e s  on i n f e r t i l e  land ,  y i e l d s  were 4 tons  d ry  matter  
per  a c r e ,  on f a i r l y  f e r t i l e  land 6 t o n s ,  and on f e r t i l e  land 8 tons  per  acre .  

This  p l a n t  has  a  l a r g e  r o o t  o r  rh izone  system and has t h e  a b i l i t y  
t o  go down t o  cons iderable  depths  t o  ge t  water .  Af te r  it is p lan ted  it re-  
q u i r e s  some ~ u u i s t u r e  f o r  t h e  f i r s t  year. bu t  a f t e r  t h e  second or  t h i r d  yea r ,  
i t  i s  very drought r e s i s t a n t  and can witlistand a cons iderable  amount of 
druughr. I n  n a t u r e ,  cane is a b l e  t o  f l o u r i s h  on s o i l s  t h a t  a r e  apparent ly  
very  i n f e r t i l e .  Un t h e  o the r  hand reed has t h e  a b i l i t y  t o  respond w e l l  t o  
n i t rogen  f e r t i l i z e r  t o  maximize y i e l d s .  One of t h e  s t r o n g  p o i n t s  of t h i s  
crop i s  tlial: i t  can make good growth without  a d d i t i o n a l  f e r t i l i z e r  under 
condi t ions  of low r a i n f a l l .  Reed might r e q u i r e  a d d i t i o n a l  water some time 
dur ing  i C s  l irst year a s  i t  can be s e r i o u s l y  r e t a rded  by l a c k  of moisture 
dur ing  t h i s  per iod ,  bu t  drought does not  damage s t ands  2 o r  3 yea r s  o ld .  
It h a s  about a 3-year per iod  t o  g e t  i n t o  f u l l  pruduct ion and about a  10-year 
product ive  l i f e .  

I n  t h e  U.S. t h e r e  a r e  r e p o r t s  by Gaylord Container Corp. t h a t  show 
f a i r l y  good wi ld  s t a n d s  of reed  along t h e  Rio Grande River y ie lded  about 
8-113 tons  oven d r i e d  ma t t e r  pe r  a c r e  and t h e  poorer wild s tands  y ie lded  
about 5-112 tons  oven d r i e d  m a t e r i a l  per  ac re .  

P l a n t s  adapted t o  w e t  buggy a r e a s  a r e  t y p i f i e d  by c a t t a i l ,  a  p l an t  
which grows w e l l  i n  most temperatures  i f  wet enough. The a e r i a l  y i e l d s  a r e  



usua l ly  about 113 t o  112 of t h e  t o t a l  y i e l d  wi th  t h e  remainder being r o o t s  
and rhizomes. Harvest ing can present  a problem a s  i t  is grown under such 
d i f f e r e n t  cond i t i ons  than  crops  which a r e  c u r r e n t l y  being grown. 

The next  crop t o  be  d iscussed  is  guayule. This  is a semiarid 
d e s e r t  shrub which makes maximum growth under r a t h e r  adverse  condi t ions .  
This  crop was grown under t h e  d i r e c t i o n  of Fores t  Serv ice  dur ing  World War 
I1 t o  r e p l a c e  t h e  fo re ign  sources  of rubber  which were d i s rup ted  dur ing  t h e  
war. A p l a n t  was b u i l t  i n  C a l i f o r n i a  f o r  producing rubber from t h i s  shrub 
f o r  use i n  t i r e s .  A t  t h e  p re sen t  t ime,  t h e r e  is  a rubber manufacturing 
p l a n t  i n  Mexico t h a t  i s  supposed t o  go i n t o  product ion us ing  t h e  wild 
guayule shrub i n  t h a t  a r ea .  

Gilayule i s  a shrub t h a t  grows b e s t  between 15  and 25 i n .  of r a i n f a l l  
under semiarid condi t ions .  It can grow under condi t ions  of l e s s  mois ture  . 

than  t h a t ,  bu t  i t  must be  i r r i g a t e d  dur ing  a c r i t i c a l  per iod fo l lowing  t r ans -  
p lan t ing .  It i s  somewhat l imi t ed  i n  i t s  growth a r e a  because i t  r e q u i r e s  
warm weather and i s  not  very  cold r e s i s t a n t .  Usually t h e  Great Bend a r e a  of 
Texas i s  about a s  f a r  n o r t h  a s  i t  w i l l  grow. Both t h e  p l a n t  and t h e  r o o t s  
a r e  harves ted ,  s i n c e  both have a h igh  hydrocarbon content .  This p l a n t  i s  a 
pe renn ia l  and has  a l i f e  cyc l e  of from 3 t o  5 yea r s .  

Another crop which is  very  s i m i l a r  t o  guayule is  t h e  hybrid of 
guayule and mariola .  This hybrid has  a b e t t e r  adap ta t ion  a s  f a r  a s  cold 
weather goes than  does guayule and Cherefore may be grown somewhat f a r t h e r  
nor th .  However, t h e  hybrid does no t  have a s  h igh  y i e l d s  of l a t e x  a s  hydro- 
carbon con ten t ,  b u t  i t  does have a g r e a t e r  mass of shrub growth than 
guayule a lone .  . 

A s  f a r  a s  y i e l d s  go, we have ex t r apo la t ed  these  from many sources .  
I want t o  po in t  ou t  t h a t  t h e s e  were ex t r apo la t ed  y i e l d s  o r  a n t i c i p a t e  y i e l d s  
because a l l  t h e s e  c rops  a r e  not  grown throughout t h e i r  adapted a r e a .  For 
example, we had t h e  USDA b u l l e t i n  on kenaf which contained a c t u a l  y i e l d s  i n  
va r ious  a r e a s  wi th  t h i s  information extrapol-ated t o  t h e  e n t i r e  growth a rea .  
These d a t a  were a l s o  used f o r  r o s e l l e .  For t h e  g i an t  reed we used t h e  l i t e r a -  
t u r e  r e p o r t s .  For guayule we used q u i t e  a cons iderable  volume of m a t e r i a l  
t h a t  was accumulated dur ing  and fol lowing World War 11, and f o r  c a t t a i l  we 
used Minnesota da t a .  

So, r e a l i z i n g  t h i s  l imi t ed  information was inadequate ,  inexac t  and 
ins~l f f i . c . ien t ,  neve r the l e s s ,  we placed t h e s e  new crop y i e l d s  i n t o  our d a t a  base 
and came out  wi th  t h e  adapted crop f o r  biomass product ion on nonfood producing 
cropland which was ind ica t ed  t o  be  t h e  b e s t  performance f o r  each land resource  
a rea .  
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Introduction: --- 

Grasses and lcgurnes fo r  biomass productior~ add  a n  ?clditional use to  t.heit- 

present ,  mu1 t ip le-use  charac te r iza t ion ,  I n  csntempnr,jry a g r i r ~ r l  t l r rg  and 

closely  re la ted  a c t i v i t i e s ,  we know t 1 i r . s ~  ' i i ~ i l ~o r tan t  p l a n t  species a re  o f  valuc 

f a r  pasture and forage,  so i l  drld water conservation, w i ld l i f e  cover, recrea- 

t ional  a reas ,  roadbank s t i b i l  i za t ion ,  and t h e i r  aes the t i c  qua1 i t i e s .  

Production of grasses and legumes on. marg-inal s i t e s  (marginal f o r  row-crop 

production) i s  dependent on soi 1 productivi ty ( i  ncl ud i 11g f e r t i  1  i  zer appl ied)  , 

plat?t growth fac to rs  ( s o l a r  radia t ion,  temperature, carbon dioxide, water) ,  

gerlctic po ten t ia l ,  p lant  pest control (wceds, i r isects ,  d i seases ) ,  and the 

croppi n q  system. Land Ir5e considerat ions a r e  very important and t h i s  coils 1r.d i r i t  

in i tse'lf cautions agains t  a n  irltensjve, ~~~~~~~~~~~~f! nf  aprlljill  f o rages  (grilcx~r; 

or lequmes), regardless of th.eir productive capacity f o r  biomass o r  other 

uses. 

"presented a t  "~ iomass  - A Cash Crop fo r  the Future?", A Conference on the 
Production of Biomass from Grains, Crop Residues, Forages, and Grasses 
f o r  Conversion , t o  Fuels and Chcniicals. Kansas City, Missouri ,' 641 10, 
March 2-3 ,  1 9 7 7 .  

''professor and t n s t r u t t p r ,  Departrnent of Aqronomy, Iowa Sta te  University. 
Arnes, Iowa, 5001 1.  , , 

. . 



Produc t ion  S i t e s :  

Acreages i n  t he  U.S. a re  ex tens i ve  f o r  rangeland, pas tu re land ,  c rop land  

used o n l y  f o r  pasture,  and grazed f o r e s t s  t h a t  a r e  p r i v a t e l y  owned (Tab le  1) .  

I n  a d d i t i o n ,  federa l ly -owned lands,  managed by t he  Fores t  Serv ice  and t h e  

Bureau o f  Land Management, a r e  ex tens ive .  

Table 1. The g raz ing  l and  resource  i n  t h e  U n i t e d  States.  1  / 

Pr iva te ly -owned Acres (Mi 11 i o n s )  

Hangel a.nd 380.5 

Pas tu re land  103.2 (3.2)" 

Cropland used o n l y  f o r  hay o r  pas tu re  77.7 (13.0)" 

Grazed f o r e s t s  137.2 

Federally-owned 

Range1 and 

"1ncl udes Alaska, Hawaii,  and Caribbean area 

"irrigated 
3 / ~ e f e r e n c e :  B l a k e l y  and W i  11 iams (1974) and USDA (1971 ) 

The U.S.D.A. Conservat ion Needs I n v e n t o r y  of 1967 (1971) c i t e d  ex tens ive  

needs for.  lands i n  a1 1  ' l a n d  capabi 1  i t y  c lasses ,  i .e., from I t o  V I  11, and 

B l a k e l y  and W i l l i ams  (1974) p i n p o i n t e d  these f o r  t h e  g r a z i n g  l a n d  resource.  

They f u r t h e r -  po in ted  o u t  t h a t  hay o r  pas tu re  c rop land  represen ts  11 pe rcen t  

of  t he  t o t a l  fo rage  resource  and much o f  t h i s  occurs on s o i l  s i t e s  o f  h i g h  

p roduc t i ve t y .  That l and  i n  t he  h i ghe r  c a p a b i l i t y  group may be pushed i n t o  

row-crop p roduc t ion ,  a t  the  expense o f  d e p l e t i n g  t h e  forage resource,  i s  a  
n 



pr ime concern.  Th i s  concern has been d iscussed by Long (1974) and Wedin 

e t  a l .  (1975).  

Considered h e r e i n ,  i n  terms o f  y i e l d  p o t e n t i a l s ,  a re  s i t e s  p r e s e n t l y  used 

i n  pe renn ia l  o r  annual grass-legume p r o d u c t i o n  i n  t h e  No:- thcentral  r e g i o n  

( N C )  o f  t h e  U.S. Heported f o r  t h i s  r e g i o n  i n  1968 was 48 pe rcen t  o f  a l l  t he  

hay produced i n  t h e  U.S. Wedin and V e t t e r  (1970) . The area i n c l u d e s  ove r  

100 r r ~ i  11 i o n  ac res  i n  pas tu re .  

, C l  i rna t i c  Condi t s ' u r ~ b :  

The s t a t e s  i n  the  NC r e g i o n  va ry  mdrkedly i n  average annual  temperature,  

average annual p r e c i p i t a t i o n ,  f r o s t - f r e e  days and r e l a t i v e  h u m i d i t y  ( F i g u r e  1 ) .  

Increased p r e c i p i t a t i o n ,  as compared t o  areas more western,  was a  main f a c t o r  

i n  caus ing  t h e  t a l l  grasses t o  dominate t h e  p r a i r i e  vege ta t i on .  The p r a i r i e  

vege ta t i on  was assoc ia ted  w i t h  s o i l s  which were h i g h l y  f e r t i l e ,  r e s u l t i n g  f rom 

o r g a n i c  ma t t e r  b u i l d u p  and decreased 1  eaching. 

Range o f  Grass and Legume S p ~ r i e q -  - -- . . ..- 

Grasses and legumes cons idered f o r  t h e i r  biomass y i e l d ,  and as used as 

forage i n  many ins tances ,  have been drawn from a  wide range i n  germ plasm. 

For t he  grasses, they  a r e  represen ted  by 600 genera, o f  which 150 occur  i n  t he  

U.S. These 150 qenera i n c l u d e  1500 spec ies.  For legumes, t h e r e  a re  app rox i -  

mate ly  400 genera and over  12,000 spec ies.  There a r e  about  80 grasses and 

legumes t o  which s i g n i f i c a n t  a t t e n t i o n  has been g i ven .  I n  t h e  NC reg ion ,  t h i s  

1  i s t  i s  narrowed cons ide rab l y  (Tab le  2 ) .  

When grown f o r  f o rage  purposes, grasses and legumes a re  harvested by 

g r a z i n g  o r  machine (hay, s i l a g e ) .  Whi le  y i e l d  p e r  se has o f t e n  been used as 

a  c r i t e r i o n  o f  wor th ,  t h e  f o rage  qua1 i t y  ( n u t r i t i v e  va lue  and i m p l i e d  i n t a k e )  

has been a des i r ed  f a c t o r ,  o f t e n  be ing  chosen i n  l e i u  o f  added y i e l d  (biomass a 



Temperature ( F. ! ~ p t .  ( i n . )  

ProSt-free ?ayg !??-?(noon,  July) 

F i g u r e  1 .  C l i m a t i c  C o n d i t i o n s  i n  t h e  NC r e g i o n .  ( N C  Reg. Res. 
Publ. 166. 1965.) 



� able' 2. Forage g r a s s  improvement i n  HC Region.  

Orchardg rass  Wheatgrass ( I n t . ,  Cres ted,  West., t a l l  ) 

Smooth bromegrass Creep ing  f o x t a i  1  ' 

Reed canaryg rass  T imothy  

T a l l  f e s c u e  Swi t c h g r a s s  

Sudangrasses 

, - -- - - .  m "  

pr .uduct ion) .  From t h e  d a t a  a v a i  1  a b l e ,  then,  we must  s p e c u l a t e ,  t h e o r i z e ,  nr 

e x t r a p o l a t e  t o  what  y i e l d s  a r e  b i o l o g i c a l l y  p o s s i b l e  i n  biomass p r o d u c t i o n .  

What i s  e c o n o m i c a l l y  f q a s i b l e  i s  a l s o  o f  p r i m e  concern  b u t  can perhaps be 

answered once we know t h e  y i e l d  p o t e n t i a l .  

l i h i l e  o n l y  a  few o f  t h e  grasses I J S P ~  p r e s e n t l y  would be c a n d i d a t e s  f o r  

economic biomass p r o d u c t i o n ,  s e l e c t i o n  and improvement w i t h i n  t h e  grasses c o u l d  

e v o l v e  b e t t e r  c u l t i v a r s  t o  meet t h e  r e q u i r e m e n t s  o f  a  c r o p  grown f o r  i t s  b i o -  

mass v n l y  on m a r g i n a l  s o i l s ,  For example, p e r e n n i a l  g rasses a r e  l a r g e l y  

F ibr -uus- rooted,  ma,y p ropaga te  v e g e t a t i v e l y  t o  form so i l , . .conser 'v ing  sods t1.1r;ouyh 

v i g o r o u s  rh i zomatous ,  s t o l o n i f e r o u s ,  and t i l l e r i n g  c h a r a c t e r i s t i c s .  W i t h i n  

t h e i r  a r e a s ' o f  a d a p t a t i o n ,  t h e y  a r e  l o n g - 1  i v e d  p l a n t s ,  and t h e y  t o l e r a t e  

d i  s  tu rhance .  ., . 

Search f o r  g rasses  f o r  biomass s h o u l d  n o t  e x c l u d e  t o o ' q u i c k l y  t h e  Var ious  

t ypes  o f  g rasses.  Nonethel 'ess,  f r o m  ,an eco l ' og ' i ca l  . s t a n d p o i n t ,  ~ a r l a n  (1959) 
. . 

has c a u t i o n e d  t h a t  t h e r e  a r e  d i s t i n c t  d i f f e r e n c e s  -between'  n a t i v e ' .  o r  i n t r o d u c e d  
. . . . . . 

g rasses  and lequmes. ' He p o i n t e d  o u t  t h a t  n a t i v e s .  a r e r l i m a x s p ' e c i ' e s  and t h e  

i n t r o d u c e d  sub-c' l  imax. As such, t h e  s u b - c l  imax o r  i n t r o d u c e d .  ones, t h r i v e .  
. . . . . . 

under .  d i s t u r b a n c e ,  respond t o  h i g h e r  f e r t i  l'i ty l e v e l s ,  have' e f f i c i ' e n t  means 
. . .  . . 

o f  seed p r o d u c ' t i o n ,  w i t h s t a n d  g r a z i n g  a n d  mowi ng, compete. we1 1 under  use, 
. . 

, . . . . . 

e s t a b l i s h  r e a d i l y  i n  c l e a n  seedbeds, and t e n d  t o  d i s a p p e a r  when n o t  use;. 



I O f f - s c t t i n q  t h i s  t h i n k i n g  i s  the  f a c t  t h a t  warm-seasoii c r o p  p l a n t s ,  which 

i n c l  udes pe renn ia l  grasses such as swi t chgrass  (Panicuni .- v i  rgatum L.  ) a r e  C4 

I p l a n t s ,  i . e . ,  they  f i x  carbon d i o x i d e  rnore e f f i c i e n t l y  i n  terms of l i g h t  

u t i  1  i z a t i o n  i n  pho tosyn thes is .  Reed canarygrass ( P h a l a r i s  arundinacea)  a  

cool-season p e r e n n i a l  grass,  i s  a  C3 spec ies and has a reduced e f f i c i e n c y  i n  

I ' l i g h t  u t i l i z a t i o n  because p h o t o r e s p i r a t i o n  occurs ,  which d i s s i p a t e s  up t o  50 

pe rcen t  o f  t h e  f i x a t i o n  o f  these C 3  p l a n t s .  Nelson (1976) has p o i n t e d  o u t  

t h a t  t h e  C j ' spec ies  has t he  advantage of a  l onge r  g r o w i t ~ g  season. 

Ttie two afore-ment ioned fact .ors , i .e., e c o l o g i c a l  ' c h a r a c t e r i  za t i o n  and 

p h o t o s y n t h e t i c - e f f i c i e n c y  c h a r a c t e r i z a t i o n  have immediate and l ong - t e rm  

advantages, r e s p e c t i v e l y .  S ta ted  ano ther  way, among t he  pe renn ia l  grasses 

I-eady t o  be used soon i n  biomass p roduc t i on ,  t h e  search should  be on those 

i n t r oduced  spec ies w i t h  assoc ia ted  techno log ies  t h a t  a re  workable,  w h i l e  t h e  

l onge r  l ook  should  be a t  t h e  p o t e n t i a l l y  nmre e f f i c i e n t  spec ies.  For  t h i s  

comparison, we have examined da ta  r e l a t i v e  t o  biomass p r o d u c t i o n  of r e e d '  

canarygrass and sw i tchgrass .  I n  a d d i t i o n ,  a  Cq annual spec ies,  Sorghum spp., 

I i s  cons idered.  

Reed Canarygrass: 

. Th is  grass i s  w e l l  adapted t o  p o o r l y  d ra i ned  s o i l s ,  t o l e r a t i n g  f l o o d i n g  

f o r  more than a  month. I t has a l s o  been shown t o  be p r o d u c t i v e  on uplands 

when adeqtrstely f e r t i  1 i z e d  w i t h  n i t r o g e n .  I t  does we1 1  under d r y  cond i t i ons .  

I t  i s  ve ry  w in te r -ha rdy ,  b u t  f r o s t - s e n s i t i v e .  I t ' s  pe renn ia l  n a t u r e  pe rm i t s  

e a r l y  s p r i n g  growth. ( 8  inches o f  g r o ~ v t h  i s  common by May 10 i n  c e n t r a l  

Iowa. ) I t  may reach a  h e i g h t  o f  6 f e e t  o r  more when f u l l y  headed. Stems o'f 

1 .  reed canarygrass a re  s t o u t  and r e s i s t  l odg ing .  I t  grows w e l l  on most s o i l s  

l and w i l l  t o l e r a t e  a  pH range o f  4.9 t o  8.2. 



Yield d a t a ,  r e p r e s e n t a t i v e  of t h e  p o t e n t i a l  p rodu r t i on  of  reed  canary-  

g r a s s ,  a r e  p r e sen t ed  i n  Table  3 .  

- ~ 

Table  3. Yield p o t e n t i a l  of reed cana ryg ra s s .  

Locat ion Cuts Yield (Tons D M / A )  N (pour~ds/A)- Reference -- - - - 

Conn. 4 4.79 190 Decker e t  a l .  (1967) 

NPW Ynrk . 4 6-11 

Pe~lil. 4 4 .23 

Ka ry 1  a n  d 4 4.10 

Iowa 3 6.32 

l ~ w a  3 1.69 

1 OLJJ 3 4.13 

1 YO Rkcker e t  a l .  (1967)  

190 ., Decker e t  a l .  (1967)  

190 Dccl(cr c t  d l .  (1 367) 

480 Wcdin e t .  a l .  (1970)  

6 0 Wedin, (1966)  

240 Wedin (1  966) 

I t  i s  ev iden t  t h a t  reed canarygrass  responds niarkcdly t o  n i t r ogen  f e r t i l i -  ' 

z a t i o n .  We obta ined  y i e l d s  nea r  Ames, Iowa, i n  d i r e c t  p ropor t ion  t o  r a t e  o f  

appl j c a t i on   a able 4 )  and s p l i t  appi i c a t i o n s  were b e n e f i c i a l .  

Table 4 .  Yields  o f  reed cana ryg ra s s  a t  varyin'g N r a t e s .  

Ear ly  Ear ly  
b p r l n g  - June Aug. 1 - - Toris DM/A 

0  0  . O  1.24 

0  0  120 '3.16 

6 0 G O  120 5.41 

0 0  240 4.00 

120 120 240 6 . 3 3  

0 0  400 5.51 



We had 'o the r  t e s t s  on reed canarygrass i n  southern Iowa, and l o o k i n g  a t  

t h i s  data w i t h  t h a t  from the  Ames study, we documented a marked r e s i d u a l  

n i t r o g e n  response, which increased the  n e x t  y e a r ' s  y i e l  d. When t h e  y i e l d s  

o f  a  1 a te-fa1 1 ha rves t  (November) p l  us t he  ear ly-June and 1 a te -Ju l y  harves ts  

o f  the f o l l o w i n g  yea r  were t o t a l e d ,  i t  was ev iden t  t h a t  the  f i r s t  increment 

o f  N (120 .pounds per  ac re )  was the  most e f f i c i e n t l y  used. Response of  species 

d i f f e r e d   able 5 )  w i t h  reed canary.grass us ing n i t r o g e n  more e f f i c i e n t l y ,  

p a r t i c u l a r l y  a t  h ighe r  l e v e l s  o f  n i t r o g e n  a p p l i c a t i o n  (Wedin, 1974). 

Table 5. Dry mat ter .produced i n  pounds/pound N app l i ed  i n . e a r l y  August a t .  two 

Iowa 1ocati.ons. 5/ 

Increments o f  N app l i ed  i n  1b/A 

Harvests 1 / 

F i  r s  t Second T h i r d  & 3/ 4/ 
120 120 Four th 120 

November 17.0 3.3 0.9 

E a r l y  June 8.9 9.3 2.5 

Late J u l y  1.9 2.6 7.7 

A1 1 harvests 27.9 15.1 11 .O 

Species 2/ 

Reed canarygrass 31.8 22.4 17.4 

Smooth brorne 23.9 1 9 ..8 10.4 

T a l l  fescue 28.6 12.8 8.2 

Orchardgrass 27.1 5.5 8.0 

Four species averaged 

2' To ta led  over  t h ree  harvests 

31 Represents an a d d i t i o n a l  240 1 b/A app l i ed  

41 T a l l  fescue and ,orchardgrass had some w i n t e r k i l l  i n g a t  one l o c a t i o n  

51 Wedin (1974) 



Sorghum 5 ~ :  - 

The common sorghun~s used f o r  forage a r e  sudangrass ((Sorghum b i c o l o r ) ,  1 

f o r m e r l y  5. sudanense ( P i p e r )  ~ t a p f ) ,  t h e  sorgos and grass sorghurns, - 5 .  

b i c o l o r ,  and g r a i n  sorghums - S. b i c o l o r  ( L . )  Moench. These grasses a re  coarse 

and e r e c t ;  h e i g h t  w i l l  sometimes reach  10 f e e t .  The fo rage  sorghun~s w i l l  be 

t a l l e r  y e t .  They a re  we l l - adap ted  f o r  marg ina l  s i t e s  th roughou t  t h e  coun t ry ,  

b u t  o f  course must be re-seeded each year .  Of t h e  sorghunis grown, app rox i -  

mate ly  25 pe rcen t  a re  f o r  fo rage .  

Because t h e  sorghums con ta ined  a g l  ucos ide ( d h u r r i  n  ) which under c o n d i t i o n s  

i n  t he  rumen conve r t s  t o  hydrocyan ic  a c i d  ( p r u s s i c  a c i d ) ,  cons ide rab le  s e l e c t i o n  

and numerousmanage~nent p r a c t i c e s  have been aimed a t  r educ ing  t h i s  p o t e n t i a l .  

Y i e l d  per - se may have t hus  been se lec ted .  a g a i n s t ,  i n  soii-re cases .  

Some y i e l d s  o f  Sorghum spp. which have been ob ta i ned  a r e  p resen ted  i n  

Table  6. 

Table  6. Y i e l d  p o t e n t i a ' l  o f  Soryhun~ a. i n  Iowa., 

Spec ies  - t Tons IlM/A N Ra t.e ( # / A )  RP-F~renci? 

(Forage 
Sorghum) 1 . 7 . 8  9 0 Burns & wedin (1964) 

(Sudan) . 1 ,3.0 9 0  ' Burns & Wedin ' (1964) 

( For aye  . . 
sorghum) 2 ,5.8 90 Burns & Wedin (1964) 

. . 

(Sudan) 2 .  . . 4.8 . . 50 , . B u r n s  & Wedin (1964) 
. . . . 

(SXS) 1. 6.3 120 Wed,in (1970) 

(SXS) 1  . . 0.5 150, Adigun ,(1969) 

-- 

' Noted i s  t he  high.est  y i e l d  from forage sorghum. ( 7 . h )  and a 'sorghum x 
. . 

sudangrass c ross  (SXS.) a t  8 . 5 .  Forage sot-ghum was reduced i n  y ' i e l d  when 



two c u t s  were taken  b u t  sudangrass y i e l d e d  more w i t h  two c u t s  (4.8) than 

one c u t  (3.0).  

There i s  a  s t r o n g  p o s s i b i l i t y  t h a t  o t h e r  spec ies w i t h i n  t h e  d i v e r s e  

sorghum germpl asm would be excel  l e n t  biomass producers.  White e t  a1 . (1  974) 

descr ibed  t h e  p o t e n t i a l s  o f  sorghums as a  source of  pu lp .  They s t u d i e d  

n i n e  accessions r e p r e s e n t i n g  t h r e e  sorghum species.  These were grown a t  

s i x  l o c a t i o n s  i n  t he  U.S., and g r e a t e s t  y i e l d s  were i n  Iowa, Ind iana,  and 

Georgia. Y ie l ds  exceeded 10 tons of  d r y  m a t t e r  pe r  ac re  (12.2 i n  Iowa).. 

One accession o f  Sorghum - ...- almum o y i e l d e d  11.0 tons o f  d r y  m a t t e r  p e r  acre.  

These'were 12- inch  row p l a n t i n g s .  The researchers  p o i n t e d  o u t  t h a t  per form- 

ance v a r i e d  cons ide rab l y  w i t h i n  and among accessions and among l o c a t i o n s .  

A lso  p o i n t e d  o u t  i s  t h e  wide v a r i a t i o n  whi'ch r e s u l t s  f rom e f f e c t  o f  env i r on -  

mental c o n d i t i o n s  on annuals. . . 

A f u r t h e r  c o n s i d e r a t i o n  must be made in' r e l a t i o n  t o  p o s s i b i l i t i e s  t h a t  

a v i g h r o ~ . ~ s  Sorghum species sirch a s  - -  S. almum may develop i t ' s  pe renn ia l  

c h a r a c t e r i s t i c s  t o  t h e  e x t e n t  t h a t  i t  would become a  weed, i .e . ,  a  p l a n t  o u t  

o f  p lace.  App rop r i a te  c a u t i o n  would be i n  o rde r  if i t  were t o  be grown f o r  

biomass. 

Switchgrass: 

Th is  ta.11, pe renn ia l  sod- forming grass has as i t s  n a t u r a l  h a b i t a t  t h e  

Great P l a i n s  area. I t  grows t o  5 f e e t  i n  he igh t ;  has s h o r t  rhizomes which 

promote spreading. It i s  one of  t h e  e a s i e s t  n a t i v e  grasses t o  e s t a b l i s h ;  

a  common problem w i t h  t he  warm-season pe renn ia l  grasses. I t  produces w e l l  on 

dr:oughty, i n f e r t i l e ,  eroded s o i l .  Improved c u l  t i v a r s  a r e  a v a i l a b l e .  

Within' the  l a s t  decade, swi ' tchgrass has been more commonly grown on 

Iowa and M issou r i  s i t e s .  When f e r t i l i z e d  w i t h  n i t r o g e n ,  y i e l d s  have inc reased  

and a r e  t y p i f i e d  by those g iven  i n  Table 7. 



Table 7. Y i e l d  p o t e n t i a l  o f  sw i tchgrass .  

S ta tes  Cuts Tons DM/A N Rate ( # / A )  Reference 

I A 2 2.8 0  S c h a l l e r  (1975) 

I A 2 4.4 120 Schal l e r  (1975) 

I A 2 4.3 2 40 Sc t ia l l  e r  ( I Y / s )  

MO 1  o r  2 2.7 C 0  Matches ( 1  976) 

-7 Anderson ee a l .  
( 1  976) 

Genera l ly ,  i t  i s  expected t h a t  a  spec ies such as sw i tchgrass  c o u l d  y i e l d  

cons iderab ly  b e t t e r  as r a i n f a l l  i nc reases .  The grass has n o t ,  i n  p r a c t i c e ,  

been grown f o r  i t s  t o t a l  d r y  m a t t e r  p roduc t i on ,  and i n  t h i s  r espec t ,  y i e l d s  

now be ing  ob ta i ned  when wate r  and n i t r o g e n  a re  a v a i l a b l e  must be c a r e f u l l y  

eva luated.  Fu r t he r ,  Rechent in  (1956) has p o i n t e d  o u t  t h a t  t h e  morphology o f  

sw i tchgrass  suggests t h a t  i t  i s  n o t  an i d e a l  g r a z i n g  p l a n t  because t h e r e  a re  

o n l y  two t o  f o u r  s h o r t  basal  i n te rnodes ,  sugges t ing  few basal  buds a v a i l a b l e  

for recovery .  On t h e  o t h e r  hand, a t  l ow ing  . sw i t chg rass  t o  produce one crop, 

which cou ld  then be removed, i s  l i k e l y  t o  be bo th  advantageous t o  maximiz ing 

annual d ry  m a t t e r  y i e l d  and m a i n t a i n i n g  t h e  p l a n t  f o r  t he  f o l l o w i n g  year .  

General Cons idera t ions :  

C l i m a t i c  c o n d i t i o n s  suggest t h a t  r a i n - f e d  biomass p r o d u c t i o n  f r om  

grasses w i l l  be maximized when nioving from west t o  eas t ,  more p a r t i c u l a r l y  

f rom nor thwes t  t o  sou theas t  i n  t he  NC s t a t e s ,  o r  Corn B c l t .  T h i s  area i s  

a l s o  t h e  l eade r  i n  row-crop p roduc t i on ,  machine-harvested f o rage  f o r  l a r g e  

ruminan t  l i v e s t o c k  i n d u s t r i e s ,  and where improvement o f  l ong- te rm pas tu re  

o f f e r s  g r e a t  o p p o r t u n i t i e s .  For p e r e n n i a l  grass use i n  t he  ruminan t  

l i v e s t o c k  i n d u s t r y ,  a l ong  w i t h  i t s  harves ted  forage and pas tu re  needs, t h i s  



should be regarded as compl imentary w i t h  biomass product ion.  Some o f  the  

same inpu ts  which w i l l  make the  beef i n d u s t r y  p r o f i t a b l e  i n  t he  f u t u r e  w i l l  

l i k e l y  be of b e n e f i t  economical ly  t o  biomass product ion.  Use o f  legumes fo r  

n i t r o g e n  needs o f .  grasses, double c ropp ing  (He1 s e l  , 1976), f o s t e r i n g  proper  

l and  use t o  minimize environmental  i n s u l t s ,  i n te rseed ing  and overseeding, 

dev i s i ng  new cropping systems over  years, a re  bu t  a few o f  the  impor tan t  

ones f o r  the  decades ahead. 
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Quest ion:  You mentioned t h a t  i f  ydu have to ' . supply  n i t r o g e n  f e r -  
t i l i z e r  t h a t  r e p r e s e n t s ,  of course ,  an input  of energy which. is  more o r  l e s s  ! 
opposed t o  t h e  o b j e c t i v e  of t h e  c u l t i v a t i o n  of t h e  crop i n  ques t ion .  

Now, I would l i k e  t o  sugges t  t h a t  when you grow legumes i n  com- 
b i n a t i o n  w i t h  a  g r a s s ,  f o r  example, t h a t  you a r e  doing t h e  same t h i n g ,  per- 
haps no t  a s  s e v e r e l y ,  because even though t h e  n i t rogen  gas i s  f r e e ,  t h e  
f i x a t i o n  i s  no t .  I n  f a c t ,  i t  i s  very expensive. So you a r e  rea1 ly  u t i l -  
i z i n g  s o l a r  energy f o r  f i x i n g  n i t r o g e n  t h a t  o therwise  would go i n t o  t h e  
s t r a i g h t  biomass product ion  of t h e  g ra s s .  

So i t  seems t o  me we have t o  look a t  such a  system very  c a r e f u l l y  
LO see whether we a r e  r e a l l y  ahead. 

Answer: Riglit.  '.l:hat i s  a . \r~ry 800d po in t .  And I wanted t o  
mention t h e  f a c t  t h a t  w e  want t o  1 o o k . a t  t h e  o v e r a l l  ba lance  of energy in-  
put  t o  ene,rgy output .  And t h e  o t h e r  probl.em wi th  Legumes 16 i n  gene ra l  
they do n o t  provide t h i s  n i t rogen ,  quote ,  perhaps a s  e f f i c i e n t l y  t o  t h e  
g ra s se s  and t h e  o v e r a l l  crop canopy i n  t h i s  gcne ra l  a r m  would not  be a s  
product ive  a s  t h e  g r a s s e s  a lone  wi th  t h e  n i t rogen  inpu t .  

And I t h i n k  t h a t  i t  is  a  ve ry  important  po in t  t o  make. We a r e  
spending some energy even wi th  t h e  legumes, n o t  f o r  n i t rogen  f e r -  
t i l i z e r ,  bu t  from t h e  p l a n t  m a t e r i a l  i t s e l f  o r  from t h e  energy from t h e  sun 
t o  c o l l e c t  t h i s  n i t r o g e n ,  s o  t o  speak,  from t h e  a i r  by t h e  legumes. 



E f f e c t  o f  Removal o f  Crop Residues  

on S o i l  P r o d u c t i v i t y  

W. D. Shrader  

Return  o f  a l l  c r o p  r e s i d u e s  is  e s s e n t i a l  f o r  t h e  c o n t i n u e d  p r o d u c t i v i t y  

of some s o i l s .  On o t h e r  s o i l s  a l t e r n a t i v e s  a r e  a v a i l a b l e  s o  t h a t  c r o p  r e s i -  

dues can be  removed and p r o d u c t i v i t y  main ta ined  o r  i n c r e a s e d .  

 his paper  is concerned w i t h  d e f i n i n g  and l o c a t i n g  s o i l  a r e a s  on which 

a l t e r n a t i v e s  t o  r e t u r n  o f  c rop  r e s i d u e s  a r e  o r  a r e  n o t  f e a s i b l e ,  d e s c r i b i n g  

t h e  uses  and l i m i t a t i o n s  of  t h e  a l t e r n a t i v e  p r o c e d u r e s  and i n  making 

r e a l i s t i c  e s t i m a t e s  of  t h e  k i n d s  and q u a n t i t i e s  t h a t  might be  a v a i l a b l e .  

Role of  Crop Residues  

Crop r e s i d u e s  a r e  a  v a l u a b l e  s o u r c e  o f  s o i l  n u t r i e n t s .  Larson e t  a l .  

1976 e s t i m a t e s  t h a t  t h e  r ~ s i d ~ l e s  from 9 l e a d i n g  c r o p s  i n  t h e  Uni ted  S t a t e s  

c o n t a i n  about  4  m i l l i o n  m e t r i c  t o n s  o f  N ,  0 . 5  m i l l i o n  m e t r i c  t o n s  o f  P  and 

4 m i l l i o n  m e t r i c  t o n s  o f  K .  T h i s  amounts t o  about  40%, 10% and 80% o f  N ,  P ,  

and K ,  r e s p e c t i v e l y ,  of  c u r r e n t  f e r t i l i z e r  a p p l i c a t i o n  t o  a l l  c r o p s .  

Crop r e s i d u e s ,  i f  p r o p e r l y  managed, can g r e a t l y  i n c r e a s e  w a t e r  i n f i l t r a -  

t i o n  r a t e s .  On a  s o i l  developed under  p r a i r i e ,  Xannering and Meyer 1963, 

found t h a t  f i n a l  i n f i l t r a t i o n  r a t e s  were  i n c r e a s e d  from 2 . 3  t o  5 . 3  cmlhr 

when 1 ton  p e r  a c r e  of wheat  s t r a w  was p l a c e d  on t h e  s o i l  s u r f a c e .  On s o i l s  

t h a t  developed under f o r e s t ,  s u r f a c e  s e a l  is  commonly much g r e a t e r  t h a n  unde: 

g r a s s l a n d ' a n d  t h e  i n c r e a s e  from use  o f  s u r f a c e  mulch t h u s  more pronounced.  

On a  f o r e s t e d  ' t r o p i c a l  s o i l ,  Greenland 1975, found a  5  f o l d  i n c r e a s e  i n  i n f i l -  
. . 

t r a t i o n  when comparing s u r f a c e  mulch w i t h  t h e  same mulch plowed under .  



Main tc l i n~ ince  o f  S o i l  O r g a n i c  ? l a t t e r  

Re tu rn  of  c r o p  r e s i d u e s  o r  a n i m a l  manure is  t h e  o n l y  f e a s i b l e  means by 

which  s o i l  o r g a n i c  m a t t e r  can  b e  m a i n t a i n e d  on c r o p l a n d .  I n  g e n e r a l ,  s o i l s  

t h a t  deve loped  i n  t h e  humid e a s t  and  s o u t h e a s t  U n i t e d  S t a t e s  u n d e r  f o r e s t  veg r -  

t a t i o n  were  o r i g i n a l l y  low i n  o r g a n i c  m a t t e r .  1 1 1  t h e  midwest  s o i l s  t h a t  d e v e l o p e d  

unde r  t a l l  g r a s s  p r a i r i e  were  o r i g i n a l l y  h i g h  i n  n r g a n i c  m a t t e r .  F u r t h e r  w e s t  

w i t h  d e c l i n i n g  r a i n f a l l ,  o r g a n i c  m a t t e r  l e v e l s  d e c l i n e d  b u t  were  g e n e r a l l y  

h i g h e r  t han  unde r  t h e  e a s t e r n  f o r c s t e d  s o i l s .  

A t  t h e  t ime  t h e  l a n d  was b r o u g h t  unde r  c u l t i v a t i o n ,  o r g a n i c  m a t t e r  l e v e l s  

were  a t  e q u i l i b r i u m .  Over t i m e ,  t h e  a d d i t i o n s  n f  p l a n t  rr l l la ins  r e p l a c e d  t h e  

amount t h a t  was l o s t  by o x i d a t i o n  o r  e r o s i o n .  Under c u l t i v a t i o n ,  t h e  o l d  

e q u i l i b r i u m  was l o s t .  When no f e r t i l i z e r s  were  u sed  most  s o i l s  l o s t  o r g a n i c  

m a t t e r  when c u l t i v a t e d .  S o i l s  t h a t  we re  o r i g i n a l l y  h i g h  i n  o r g a n i c  m a t t e r  l o s t  
i' 

more r a p i d l y  t h a n  low o r g a n i c  m a t t e r  s o i l s .  Under any  s y s t e m  o f  l a n d  u s e  s o i l  

o r g a n i c  m a t t e r  l e v e l s  t e n d  t o  a n  e q u i l i b r i u m  p o i n t  t h a t  is i n  ba l .ance  f n r  a 

p a r t i c u l a r  r a t e  o f  r emova l  and  a d d i t i o n  o f  c r o p  m a t e r i a l .  'on t h e  h i g h  o r g a n i c  
. . 

s o i i s  o f  t h e  C e n t = g l  U n i t e d  s t a t e s ,  organit.: nla t k s r  levels u c u a l l y  d c c l i n c  undc r  

a  row c r o p  s y s t e m  even .  when h i g h  r a t e s  o f  f e r t i l i ' z e r s  a r e  u s e d .  Over t h e  p a s t  

c e n t u r y ,  t h e  c o r n  b e l t  s o i l s  , a r e  e s t i m a t e d  t o  have  l o s t  a b o u t  o n e - h a l f  o f  t h e i r  

o r i g i n a l  o r g a n i c  m a t t e r  (Bartholomew e t  a l .  1957 and  Brady 1 9 7 4 ) .  

Low o r g a n i c  m a t t e r  soi1.s may i n c r e a s e ' u n d e r  c u l t i v a t i o n  e v e n  u n d e r  con- 

t i n u o u s  c o r n  ( S u t h e r l a n d  e t  a l .  1961)  b u t  o n  most r e l a t i v e l y  h i g h  o r g a n i c  

m a t t e r  s o i l s ,  o r g a n i c  m a t t e r  l e v e l s  d e c l i n e .  On G a l v a  s i l t  loam,  a T y p i c  

Capudol  i n  n o r t h w e s t  Iowa w i t h  5 p e r c e n t  o r g a n i c  m a t t e r  ( B a r n h a r t  1977)  found  

a 6 p e r c e n t  decrease f rom 1957 t o  1976 ,under  c o n t i n u o u s  c o r n  where.  g r a i n  o n l y  
. . 

was h a r v e s t e d  .and .a. 12  p e r c e n t  d e c r e a s e  i.n o r g a n i c  m a t t e r  i f .  a l l  t o p  growth  
. . , . 

was removed..  About 8 p e r c e n t  o f  t h e  c r o p  r e s i . d u e  added  o v e r  t he .  2 0 ' y e a r  p e r i o d .  



was p r e s e n t  i n  t h e  s o i l  i n  1976. 

S o i l  S t r u c t u r e  

S o i l  s t r u c t u r e  ., t h e  degree  and form of  s o i l  a g g r e g a t i o n ,  e s p e c i a l l y  i n  

t h e ' s u r f a c e  s o i l  i s  impor tan t  i n  s o i l  p r o d u c t i v i t y .  Well a g g r e g a t e d  s o i l s  

hs've h igh r a t e s  o f  w a t e r  i n f i l t r a t i o n ,  a r e  e a s y  t o  t i l l  and tend t o  be  more 

p r o d u c t i v e  than  s o i l s  w i t h  poor s t r u c t u r e s .  On s o i l s  t h a t  a r e  a c i d ,  low i n  

b a s e s  and low i n  c l a y ,  s o i l  s t r u c t u r e  is  de te rmined  most ly  by t h e  o r g a n i c  

f r a c t i o n ,  T h i s  i .nc ludes  ,most o f  t h e  soils t h a t  developed under f o r e s t  i n  

t h e  e a s t e r n  Uni ted  S t a t e s .  

Many of t h e  s o i l s  t h a t  developed under p r a i r i e  a r e  r e l a t i v e l y  h i g h  i n  

c l a y  i n  t h e  s u r f a c e  s o i l ,  and t h e  exchange complex of  t h e  c l a y s  a r e  more than  

60 p e r c e n t  s a t u r a t e d  w i t h  b a s e s  ( ca lc ium and magnesium). On t h e s e  s o i l s  t h e  

s o i l  s t r u c t u r e  is  i n  p a r t  determined by o r g a n i c  m a t t e r  b u t  t o  a  l a r g e  degree  

t h e  s o i l  s t r u c t u r e  and soil t i l t h  a r e  de te rmined  by t h e  k ind  and n a t u r e  of 

t h e  c l a y s .  

V e g e t a t i v e  C o n t r o l  o f  Eros ion  

a )  Water e r o s i o n  

A comple'te cover  of  l i v e  v e g e t a t i o n  f u r n i s h e s  a lmos t  complete  p r o t e c t i o n  

from e r o s i o n  even on v e r y  s t e e p  s l o p e s .  E r o s i o n  o c c u r s  on s l o p i n g  i n c o m p l e t e l y  

v e g e t a t e d  l a n d .  Eros ion  is e s p e c i a l l y  a  problem o n  s l o p i n g  l a n d  t h a t  is  used 

f o r  row c rops  such  a s  c o r n  and beans  i n  t h e  humid p o r t i o n s  o f  t h e  c o u n t r y  be- 

cause  t h e s e  c r o p s  l e a v e  t h e  l a n d  b a r e  d u r i n g  May and  J u n e ,  t h e  p e r i o d  o f  maxi- 

mum r a i n f a l l  i n t e n s i t i e s .  Any type  o f  v e g e t a t i v e  c o v e r  such  as c r o p  r e s i d u e s  

on t h e  l a n d  s u r f a c e  h e l p  t o  c o n t r o l  e r o s i o n .  

Most s t u d i e s  i n d i c a t e  t h a t  e r o s i o n  can  be reduced abou t  one-hal f  by l e a v i n g  



211 r e s i d u e  from n corn  h a r v e s t  on the  s u r f a c e  a s  compared t o  removing tile 

r e s i d u e  o r  plowing i t  under .  An a l l o w a b l e  s o i l  l o s s  of from 4 t o  8 tons  p e r  

a c r e  pe r  y e a r  is  assumed i n  most a r e a s  t o  be the  upper l i m i t  o f  p e r m i s s i b l e ,  

o r  s o c i a l l y  d e s i r a b l e  e r o s i o n .  

The U n i v e r s a l  S o i l  Loss E q i ~ n t i n n  dr?\relopecl by Idicchmcir and Smi th ,  1965 

i s  widely  used and i s  t h e  on ly  a c c e p t e d  means of e s t i m a t i n g  e r o s i o n  l o s s e s  from 

l a r g e  land a r e a s .  The e q u a t i o n  i s :  
- - 

R i c  t h e  r a i n f a l l  and crasiviLy i l ~ d r x  

K is  Lhe s v i l  e r o d i b i l i t y  f a c t o r  

LP is a  topography f e a t u r e  r e p r e s e n t i n g  t h e  combined e f f e c t s  of  
s l o p e  l e n g t h  and s t e e p n e s s .  

C i s  t h e  cover  and management ( r o t a t i o n )  f a c t o r  

P r e f e r s  t o  s u p p o r t i n g  p r a c t i c e s  

A is  t h e  e s t i m a t e d  s o i l  l o s s  i n  t o n s  p e r  a c r e .  

T h i s  e q u a t i o n  e s t i m a t e s  t h e  a v e r a g e  amount of  s o i l  l o s s  from a  g iven  

s l o p e .  I t  does n o t  e s t i m a t e  t h e  sediment  d e l i v e r y  t o  a  major s t r e a m .  This 

d e l i v e r y  f i g u r e  i s  u s u a l l y  l e s s  than  t h e  l o s s  w i t h i n  a  f i e l d .  

Larson e t  a l .  1976,  used t h e  U n i v e r s a l  S o i l  Loss E q r ~ a t i n n  t o  c a l c u l a t e  

s o i l  l o s s  w i t h i n  s e v e r a l  Land Resource Areas  i n  Minnesota and Iowa w i t h  p r e s e n t  

c ropp ing  p a t t e n s  and w i t h  3  l e v e l s  o f  c o n s e r v a t i o n  t i l l a g e .  Conserva t ion  

t i l l a g e  w i t h  3360 Kg/ha of  r e s i d u e  reduced e r o s i o n  t o  about  one-half  t h e  

l e v e l  wi th  no r e s i d u e  b u t  i n  a l l  c a s e s  even w i t h  e s s e n t i a l l y  a l l  r e s i d u e  

returrlecl, e r o s i o n  is i n  e x c e s s  of t h e  " p e r m i s s i b l e "  s o i l  l o s s .  T h i s  f i n d i n g  

is i n  agreement w i t h  e a r l i e r  work o f  Coleman, 1953,  who examined a l l  a v a i l a b l e  

r e s e a r c h  d a t a  on runof f  and e r o s i o n  and concluded t h a t  t h e r e  was no way t o  

c o n t r o l  e r o s i o n  on row c r o p s  on s l o p i n g  l a n d  w i t h o u t  supp lementa l  p r a c t i c e s  



such a s  t e r r a c i n g  o r  s t r i p  cropping. I 

Table 1 i l l u s t r a t e s  some of t he  problems o f ' e r o s i o n  c o n t r o l  by c u l t u r a l  

p r a c t i c e s  a lone .  According to  the  t a b l e s  c u r r e n t l y  i n  use by t h e  S o i l  Con- 

s e r v a t i o n  Se rv i ce ,  e ro s ion  cannot be c o n t r o l l e d  on s l o p e s  of over  2  percent  

without  supplemental p r a c t i c e s  i n  LRA108 which is mostly i n  e a s t e r n  Iowa and 

western I l l i n o i s  un less  t h e  acreage  of  corn and soybeans is app rec i ab ly  reduced. 

I f  e ro s ion ,  a t  l e a s t  i n  t h e  c e n t r a l  corn b e l t ,  i s  t o  be kep t  w i t h i n  

al lowable limits wi th  p re sen t  cropping p a t t e r n s ,  recourse  w i l l  have t o  be 

made t o  p r a c t i c e s  such a s  t e r r a c e s  and s e t t l i n g  b a s i n s .  

Table 1. Maximum i n t e n s i t y  of cropping a t  which s o i l  l o s s e s  can be  he ld  a t  
5 tons pe r  a c r e  o r  l e s s  i n  LRA108 

% * 
s lope  LS c** Cropping system 

Pe rmis s ib l e  removal 
of corn  r e s idue  
No t e r r a c e  Ter race  

1 0.13 1.07 Continuous corn ,  nu r e s t r i c t i o n s  A l l  A 1  1 

2 0.20 .70 Continuous corn ,  no r e s t r i c t i o n s  A l l  A l l  

3 0.29 .48 Continuous corn ,  Contour list on 
r i dge  A l l  A l l  

4  0.40 .35 Continuous corn ,  r e s i d u e s  on s u r f .  None A 1  1 

6 0.67 .24 Continuous corn ,  . f a l l  c h i s e l  None A l l  

8 0.99 .14 C - C - C - W - M - M  A l l  A l l  

10  1.40 .10 C C - W - M - M  A l l  A 1  1 

* 
E f f e c t i v e  s l o p e  length  = 100' 

** 
Maximum va lue  of C a t  which s o i l  l o s s  can be  kept  below 5 t o n s l a l y r .  

b) Wind e ros ion  

Erosion by wind is l i a b l e  t o  occur  on any incompletely vege ta ted  land  

s u r f a c e .  It is most s e v e r e  on sandy s o i l s  dur ing  pe r iods  of low r a i n f a l l  and 

high winds. While no t  conf.ined t o  t h a t  reg ion ,  wind e r o s i o n  is most p r eva l en t  

i n  t h e  western p a r t  of  t h e  g r e a t  p l a i n s .  McCalla and Army 1961 e s t i m a t e s  t h a t  



t h e  f o l l o w i n g  q u a n t i t i e s  o f  wheat s t r a w  a r e  t h e  minimum q u a n t i t i e s  of  r e s i d u e s  

needed t o  c o n t r o l  wind e r o s i o n :  

Sandy t o  sandy loam s o i l s  

S i l t  l o a m  

S i l t y  c l a y  l o a m  

Clay lnams 

These q u a n t i t i e s  o f  r e s i d u e s  i f  l e f t  on t h e  s u r f a c e  a r e  s u f f i c i e n t  t o  

c o n t r o l  wind e r o s i o n .  Wind e r o s i o n  c o n t r o l  can a l s o  be  a i d e d  by u s e  of . s t r i p  

c r ~ p s ,  rntlgh t i l l o g c  o r ,  L!! s p e c l a l  c a s e s ,  by wind b r e a k s .  

E f f e c t  of Removal o f  Residues  

i n  N u t r i e n t  Needs 

Yuch g r e a t e r  amounts o f  n u t r i e n t s  a r e  removed i n  c o r n  s i l a g e  than  i n  c o r n  

g r a i n  h a r v e s t  (Anonymous. S i l a g e .  Po tash  News L c t t e r ,  1964) .  With corn  g r a i n  

y i e l d s  of  7840 Kg/hn, 129,  22 and 28 Kg/ha o r  N ,  P ,  and K ,  r e s p e c t i v c l y ,  would 

be  removed from t h e  s o i l .  However, w i t h  t h e  same y i e l d s  and w i t h  removal of  

t h e  whole p l a n t ,  224, 37 and 140 k i lograms  of  N ,  P ,  and K ,  r e s p e c t i v c l y ,  wacrld 

be  removed. 

Lt t h e  c rop  r e s i d u e . i s  used f o r  feed o r  bedd ing ,  a p o r t i o n  o f  t h e  n u t r i e n t s  

a r e  a v a i l a b l e  a s  manures and can b e  r e t u r n e d  t o  t h e  l a n d .  I f  t h e  r e s i d u e  is  

burned,  t h e  n i t r o g e n  is l o s t  h u t  phosphorus  and po tass ium a r e  l e f t  i n  t h e  a s h  

aad can be r e t u r n e d  t o  t h e  l and .  There  is o n l y  a r e l a t i v e l y  s m a l l  amount (15 

Kglha i n  t h e  above example) o f  P  i n  t h e  r e s i d u e .  ~ k w e v e r ,  most of  t h e  K t a k e  

up by t h e  corn  p l a n t  is s t i l l  i n  t h e  r e s i d u e  a t  t h e  t i m e  o f  c o r n  h a r v e s t .  I n  

t h e  above example, t h e r e  is 112 Kg/ha o f ,  K i n  t h e  s i l a g e  (140-28). 
' 

The amount o f  N ,  P ,  and K i n  p l a n t  r e s i d u e s  would v a r y  wide ly  w i t h  t h e  t ime 

o f  h a r v e s t  and wea the r  c o n d i t i o n s  a f t e r  f r o s t  b u t  p r i o r  t o  h a r v e s t .  Much of  
. . 

t h e  N and K are w a t e r  s o i u b l e  i n  t h e  d r y  p l a n t  r e s i d u e  and, i f  t h e r e  is r a i n  

a f t e r  f r b s t  bu't . p r i o r  t o  removal o f  t h e  p l a n t  r e s i d u e s ,  a  l a r g e  ~ e r c e n t a ~ e  of 



thes t .  n u t r i e n t s  w i l l  be washed o u t  of  t h e  r e s i d u e  and i n t o  t h e  s o i l .  

C l a s s i f i c a t i o n  o f  S o i l s  a s  t o  T h e i r  Dependence 

on Crop Res idues  f o r  Main ta inence  of  P r o d u c t i v i t y  

?lost o f  t h e  major  s o i l s  i n  t h e  Uni ted  S t a t e s  can be c l a s s i f i e d  i n t o  one 

of two groups:  Group A,  s o i l s  whose c o n t i n u e d  p r o d u c t i v i t y  i s  more o r  l e s s  

independent  o f  t h e i r  o r g a n i c  m a t t e r  l e v e l  and Group B ,  s o i l s  whose p r o d u c t i v i t y  

i s  c l o s e l y  dependent  upon t h e  s o i l  o r g a n i c  m a t t e r  i n  t h e  s u r f a c e  s o i l .  

Group A. A l a r g e  and a g r i c u l t u r a l l y  v e r y  impor tan t  group of  s o i l s  h a s  

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

t h e s e  p r o p e r t i e s  a r e  r e s i s t a n t  t o  change by man. S o i l  s t r u c t u r e ,  e a s e  o f  

t i l l a g e ,  i n f i l t r a t i o n  r a t e s  and b u l k  d e n s i t y  a r e  f a v o r a b l e  f o r  c r o p  p r o d u c t i o n  

and a r e  determined l a r g e l y  by t e x t u r e  and by t h e  type  of  c l a y s  and t h e  b a s e  

s t a t u s  o f  t h e  c l a y s .  S u r f a c e  s o i l  t e x t u r e s  o f  t h i s  group a r e  i n  t h e  15  t o  30 

p e r c e n t  c l a y  range .  The c l a y s  a r e  o f  mixed, h i g h  exchange c a p a c i t y  mos t ly  

2 : l  l a t t i c e  t y p e s  and more t h a n  60 p e r c e n t  of t h e  exchange c a p a c i t y  i s  s a t u r -  

a t e d  wi th  b a s e s  o f  which ca lc ium is t h e  dominant i o n .  

Yost of  them a r e  M o l l i s o l s  o r  I n c e p t i s o l s  w i t h  o n l y  s l i g h t  t o  moderate  

s u b s o i l  development and most c o n t a i n  2 p e r c e n t  o r  more o r g a n i c  m a t t e r  i n  t h e  

s u r f a c e  s o i l .  These . s o i l s  a r e  r e s i s t a n t  t o  d e t e r i o r a t i o n  because  o f  p roper -  

ties t h a t  a r e  d i f f i c u l t  f o r  man t o  a l t e r .  They can be  s o  compac'ted a s  t o  be 

reduced i n  p r o d u c t i v i t y  and they can be p u l v e r i z e d  s o  a s  t o  be s u b j e c t  t o  

s u r f a c e  s e a l ,  dec reased  i n f i l t r a t i o n  and s e v e r e  wind and w a t e r  e r o s i o n .  How- 

e v e r ,  under most c u r r e n t  management s y s t e m s ,  t i l t h  remains  f a i r l y  good and 

u s u a l l y  does  n o t  limit c r o p  y i e l d s .  

Most group A s o i l s  have been i n  c u l t i v a t i o n  l i t t l e  more than  100 y e a r s .  

During t h i s  t ime most ,of them have l o s t  50 p e r c e n t  o r  more of  t h e i r  o r i g i n a l  

o r g a n i c  m a t t e r  c o n t e n t  (Bartholomew e t  a l .  1957 and Brady 1974) .  I n  g e n e r a l ,  



t h e  ones  t h a t  were h i g h e s t  have l o s t  t h e  most and some of t h e  ones  t h a t  were 

o r i g i n a l l y  v e r y  low i n  o r g a n i c  m a t t e r  haze  ga ined  some o r g a n i c  m a t t e r  over  

C11e y e a r s .  

The c o n s t a n t  r i s e  i n  c rop  y i e l d s  o v e r  t ime on t h e s c  s o i l s  i n d e p e n d e n t l y  

o f  o r g a n i c  m a t t e r  l e v e l s  i n d i c a t e s  t h a t  maintanence of  s o i l  o r g a n i c  m a t t e r  

w h i l e  d e s i r a b l e ,  i s  n o t  e s s e n t i a l  t o  t h e i r  c o n t i n u e d  p r o d u c t i v i t y .  S i n c e  

r e c e n t l y  exposed s u b s o i l s  t h a t  a r e  devoid  of o r g a n i c  m a t t e r  have produced 

h i g h  c o r n  y i e l d s ,  i t  a p p e a r s  t h a t  aL l e a s t  on some s o i l  mater ia ls ,  t h e r e  is 

no lower  c r i t i c a l  l e v e l  o f  o r g a n i c  m a t t e r  (Enge l s t ad  e t  a l .  1961) .  

Eros ion  may o c c u r  whenever t h e  r a t e  o f  r a i n f a l l  exceeds  t h e  i n f i l t r a t i o n  

r a t e  of  t h e  s o i l .  Bare s o i l s  even i n  t h i s  group deve lop  a  s u r f a c e  s e a l  d u r i n g  

i n t e n s e  r a i n s  which d e c r e a s e s  i n f i l t r a t i o n ,  i n c r e a s e s  runof f  and t h e  oppor tun-  

i t i e s  f o r  e r o s i o n .  

On c rop land  throughout  t h e  r e g i o n s  occup ied  by Group A ,  s o i l s  e r o s i o n  

is e s t i m a t e d  (Larson,  e t  a l .  1976) a t  abou t  1 2  t o n s  p e r  a c r c .  

Wind e r o s i o n  is  l i a b l e  t o  o c c u r  on any o f  t h e s e  s o i l s  t h a t  a r e  devo id  

o f  a  v e g e t a t i v e  c o v e r  i n  t h e  sprfng and e a r l y  su~lui~er .  Wind e r o s i o n ,  i 3  morc 

s e v e r e  on t h e  sandy and loamy s o i l s  t h a n  on t h e  s i l t  loans .  Wind e r o s i o n  

can b e  c o n t r o l l e d  by c u l t u r a l  p r a c t i c e s  such  a s  rough plowing even when a l l  

s u r f a c e  r e s i d u e s  have been removed b u t  c o n t r o l  is  much e a s i e r  and more complete  

i f  r e s i d u e s  a r e  p r e s e n t .  

E r o s i o n ,  bo th  from w a t e r  and wind,  i n c r e a s e s  t h e  c o s t  o f  p r o d u c t i o n  on 

t h e s e  s o i l s  b u t  r e s u l t s  i n  none t o  a  moderate  l o s s  o f  p r o d u c t i v e  c a p a c i t y .  

The o f f s i t e  damage from w a t e r  e r o s i o n  can b e  p r e v e n t e d  by u s e  o f  t e r r a c e s  o r  

c a t c h  b a s i n s  t h a t  p r e v e n t s  s i l t  from l e a v i n g  t h e  p roduc ing  a r e a  even though 

s o i l  movement w i t h i n  t h e  f i e l d  is  a t  a  r a t e  o f  s e v e r a l  t o n s  p e r  a c r e .  . 



Thus, on t h i s  h i g h l y  p r o d u c t i v e  group of s o i l s  a  c o n s i d e r a b l e  p o r t i o n  of  

t h e  s u r f a c e  r e s i d u e ,  such a s  c o r n  s t a l k s ,  and o a t  and wheat s t r a w ,  cou ld  be 

removed from t h e  l and  w i t h o u t  r e d u c i n g  t h e  l a n d s  p r o d u c t i o n  p o t e n t i a l .  

X l a r g e  and a g r i c u l t u r a l l y  impor tan t  group of  t h e s e  s o i l s  o c c u p i e s  what 

was t a l l  g r a s s  p r a i r i e  i n  t h e  North C e n t r a l  S t a t e s .  T h i s  i s  a r e a  Land Resource 

Region M i n  F i g u r e  1. There  a r e  l a r g e  a c r e a g e s  o f  soybeans  b u t  t h e  q u a n t i t y  

of  r e s i d u e  l e f t  a f t e r  bean h a r v e s t  is  l e s s  t h a n  a  t o n  p e r  a c r e  and i s  needed 

on t h e  land t o  h e l p  c o n t r o l  wind and w a t e r  e r o s i o n .  Even when a l l  soybean 

r e s i d u e  remains on t h e  l a n d  t h e  cover  i s  t o o  s p a r s e  t o  b e  of  much v a l u e .  I n t e r -  

s e e d i n g  of  soybean f i e l d s  w i t h  w i n t e r  s m a l l  g r a i n s  by a i r p l a n e  h a s  been t r i e d .  

When f a l l  r a i n f a l l  is a d e q u a t e  t o  s p r o u t  t h e  s m a l l  g r a i n ,  t h i s  p r a c t i c e  is 

very  h e l p f u l  i n  c o n t r o l l i n g  both  w a t e r  and wind e r o s i o n .  

I f  c o r n  r e s i d u e  was removed from t h e  l a n d  t h e  needs  f o r  K f e r t i l i z e r s  

would be i n c r e a s e d  probably  by a b o u t  a  f a c t o r  o f  2. P f e r t i l i z e r  needs  would 

be l i t t l e  d i f f e r e n t  than  i f  t h e  c o r n  g r a i n  o n l y  was removed from t h e  l and .  N 

f e r t i l i z e r  needs would v a r y  b u t  would e v e n t u a l l y  b e  i n c r e a s e d  by 50 t o  75 pounds 

pe r  a c r e  p e r  y e a r .  

To t h e  west  of Resource Area M i n  Resource  Areas  F, G ,  H ,  and I ,  most 

o f  t h e  s o i l s  a r e  group A s o  f a r  a s  p h y s i c a l  p r o p e r t i e s  a r e  concerned and on 

i r r i g a t e d  l a n d  t h e  s t a t e m e n t s  made f o r  t h e  c o r n  b e l t  a r e  g e n e r a l l y  v a l i d .  On 

wheat 1 a n d . a  minimum of abou t  1000 pounds p e r  a c r e  (McCalla and Army 1961) is  

needed t o  h e l p  keep t h e  l a n d  s u r f a c e  p r o t e c t e d  from wind e r o s i o n  and h e l p  keep 

i t  r e c e p t i v e  t o  t h e  l i m i t e d  r a i n f a l l .  2 

There a r e  s u r p l u s e s  o f  wheat  s t r a w  o v e r  t h e  amounts needed f o r  l a n d  pro- 

t e c t i o n  i n  some y e a r s  b u t  t h e  q u a n t i t i e s  a v a i l a b l e  p e r  a c r e  would b e  l e s s  and 

t h e  supp ly  would b e  l e s s  r e l i a b l e  from y e a r  t o  y e a r  than  f o r  t h e  s u p p l y  of  

co rn  s t o v e r  c e n t e r i n g  i n  t h e  I l l i n o i s - I o w a  a r e a .  



A t  t h e  w e s t e r n  edge  o f  t h e  ? l o l l i s o l s ,  t h e  Brown s o i l  r e g i o n s  o f  IJyoming, 

Co lo rc~do  and New Elexico, t h e  q u a n t i t i e s  o f  c r o p  r e s i d u e  produced  ori non- 

i r r i g a t e d  l a n d  a r e  f r e q u e n t l y  l e s s  t h a n  t h e  q u a n t i t i e s  needed t o  keep  t h e  

l a n d  p r o t e c t e d  f rom wind e r o s i o n .  T h e r e f o r e ,  e x c e p t  l o c a l l y  on i r r i g a t e d  

l a n d ,  s u r p l u s  r e s i d u e s  f rom c u l t i v a t e d  c r o p s  a r e  v e r y  l i m i t e d  west:-*ard f rom 

a b o u t  t h e  h u n d r e d t h  mer idan  ( C e n t r a l  N e b r a s k a ) .  

Group B. Eas tward  and  sou thward  From t h e  a r e a  o f  t a l l  g r a s s  p r a i r i e s ,  

t h c  p r a i r i e s  merge i n t o  f o r e s t  v e g e t a t i o n  and  t h e  s o i l s  a r e  m o s t l y  A l f i s o l s  

(gray-brown p o d z o l i c )  and  U l t r a s o l s  ( r e d  and  y e l l o w  p o d z o l i c ) .  These  s o i l s  

a r e  e a s i l y  dnmngcd by man?gement d e c i s i o n s .  I n c l u d e d  a r e  medium t o  s a n d y  

t e x t u r e d ,  m o d e r a t e l y  t o  s t r o n g l y  a c i d  s o i l s  low i n  o r g a n i c  m a t t e r .  I n  t h i s  

g roup  of  s o i l s ,  o r g a n i c  m a t t e r  i s  v e r y  i m p o r t a n t  i n  m a i n t a i n i n g  a  ' d e s i r a b l e  
' 

s u r f a c e  t i l t h .  

The g roup  B s o i l s ,  b e c a u s e  t h e y  a r e  on  t h e  ' e a s t e r n  s e a b o a r d ,  we re  t h e  

f i r s t  s o i l s  i n  t h i s  c o u n t r y  t o  b e  fa rmed e x t e n s i v e l y .  The p l a c t a t i o n  a g r i c u l - .  , 

t u r e  o f  t h e  "deep" s o u t h  d e v e l o p e d  on  them as d i d  t h e  l a r g e l y  s e l f - s u f f i c i e n t  ' ' 

o r  s u b s i s t e n c e  f a rms  of New England .  These  s o i l s  we re  a l w a y s  e a s i l y  "worn o u t "  

and  i n  a r e a s  s u c h  as i n  t h e  t i d e w a t e r , a r e a s  o f  De laware ,  V i r g i n i a , a n d  t h e  

C a r o l i n a s  much o f  t h e  l a n d  was a l w a y s  i n  t i m b e r  and r e l a t i v e l y  s m a l l  a r e a s ,  

were  used  f o r  a  few y e a r s  and  t h e n  a l l o w e d  t o  " r e s t "  u n d e r  f o r e s t .  Even s o ,  

t h e  amount o f  c r o p l a n d  is l e s s  now t h a n  i t  was 100  y e a r s  a g o  o v e r  much o f  t h e  

a r e a  o c c u p i e d  by t h e  group B s o i l s .  T h i s  is  i n  p a r t  b e c a u s e  t h e  p h y s i c a l  

c o n d i t i o n  o f  t h e s e  s o i l s  d e t e r i o r a t e s  r a p i d l y  u n d e r  some t y p e s  o f  c u l t i v a t i o n .  

I n  g e n e r a l ,  o r g a n i c  matter m a i n t a i n e n c e  o r  improvement is  n e c e s s a r y  f o r  

t h e  c o n t i n u e d  p r o d u c t i , v i t y  o f  t h e s e  s o i l s .  Plow pans  o r  t r a f f i c  p a n s  d e v e l o p  

r a p i d l y  which  i n c r e a s e s  s o i l  d e n s i t y ,  r e d u c e s  p e r m e a b i l i t y  a n d  s o i l  w a t e r  

h o l d i n g  c a p a c i t y .  



Some s o i l s  such  a s  t h e  red  l i m e s t o n e  s o i l s  of L a n c a s t e r  County. 

Pennsylvania  a r e  main ta ined  i n  a  s t a t e  of  h igh  p r o d u c t i v i t y  even though most 

o f  t h e  corn  is removed f o r  s i l a g e .  Pianure r e s u l t i n g  from t h e  f e e d i n g  of  theis  

s i l a g e  is  r e t u r n e d  t o  t h e  l and .  Some a l f a l f a  i s  grown and l ime is a p p l i e d  

a s  needed s o  t h e  s o i l s  a r e  n o t  s t r o n g l y  a c i d .  

On t h i s  l a r g e  and i m p o r t a n t  group of s o i l s ,  most o f  t h e  c r o p  r e s i d u e s  

a r e  needed on t h e  c rop  l and  . to m a i n t a i n  p r o d u c t i v i t y ,  e i t h e r  d i r e c t l y  o r  i n  

t h e  form of manures. On s i m i l a r  s o i l s  i n  Europe, s o i l  s c i e n t i s t s  recommend 

t h a t  s o i l  o r g a n i c  m a t t e r  needs  t o  be  main ta ined  a t  a ' l e v e l  of a t  l e a s t  1 

p e r c e n t  o r g a n i c  m a t t e r  f o r  each  10 p e r c e n t  o f  c l a y  ( ~ e  Lenheer 1958) .  

T h e r e f o r e ,  f o r  t h e  row c r o p s  common t o  t h e  area,  such  a s  c o r n ,  soybeans .  

peanu t s  and c o t t o n ,  e s s e n t i a l l y  a l l  r e s i d u e s  a r e  needed on t h e  l a n d  and add i -  

t i o n a l  r e s i d u e  producing w i n t e r  c o v e r  c r o p s  s u c h , a s  s m a l l  g r a i n s  o r  h a i r y -  

ve tch  i s  h e l p f u l  i n  improving p r o d u c t i v i t y  o f  t h e s e  s o i l s .  

A p o s s i b l e  e x c e p t i o n  concerns  t h e  wheat s t r a w  t h a t  is produced i n  a  

double  c ropp ing  sys tem of  wheat-soybean th roughout  t h e  s o u t h e a s t e r n  Uni ted  

S t a t e s  abou t  a s  f a r  n o r t h  a s  I n d i a n a p o l i s ,  I n d i a n a  o r  S t .  Lou i s .  M i s s o u r i .  

Where soybeans a r e  p l a n t e d  d i r e c t l y  i n t o  t h e  wheat s t u b b l e ,  t h e  s t u b b l e  a l o n e  

f u r n i s h e s  s u f f i c i e n t  ground cover  and i n  f a c t ,  t h e  wheat s t r a w  t h a t  went 

through t h e  combine and is r e t u r n e d  t o  t h e  l a n d  h i n d e r s  esLabl ishment  and 

c ,u l . t iva t ing  of  t h e  soybeans .  One t o  two t o n s  of  wheat  s t r a w  p e r  a c r e  is  

a v a i l a b l e  f r o m t h i s  s o v r c e .  Use o f  t h i s  s t r a w  f o r  ene rgy  would b e  i n  c o m p e t i t i o n  

f o r  i t s  use  a s  bedding,  f o r  mulching and f o r  l i v e s t o c k  roughage.  

A n a l y s i s  of P o t e n t i a l  S u p p l i e s  o f  Corn Residue 

i n  Land Resource  Region M 

~ Crop r e s i d u e  most l i k e l y  t o  be  a v a i l a b l e  f o r  ene rgy  p r o d u c t i o n  is  i n  t h e  

cash g r a i n  a r e a s  of  the  c o r n  b e l t  i n  LRRM. Corn r e s i d u e s  a r e  most l i k e l y  t o  
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br  used  b e c a u s e  t h e r e  a r e  more o f  them t h a n  o f  any  o t h e r  t y p e  o f  r e s i d u e s .  t hey  

a r c  of  l ' i r i i t e d  commerc ia l  v a l u e  a t  p r e s e n t  f o r  a l t e r n a t i v e  u s e s  and  t h e  po ten -  

t i a l  s u p p l v  p e r  s q u a r e  m i l e  o r  c o u n t y  i s  h i g h .  A s  p r e v i o u s l y  d i s c u s s e d ,  most  

c o r n  is p roduced  on  s o i l s  whe re  t h e  c u r r e n t  s u p p l y  o f  o r g a n i c  m a t t e r  i s  

n o t  c r i t i c a l  f o r  t h e i r  c o n t i n u e d  p r o d u c t i v i t y .  They h a v e  l o s t  h a l f  o f  t h e i r  

o r i g i n a l  o r g a n i c  m a t t e r  and  c o r n  y i e l d s  a r e  much h i g h e r  t h a n  i n  t h e  p a s t  and  

a r e  s t i l l  i n c r c a s i n g .  

Land Resource  Region  M c o v e r s  much o f  t h e  c o r n  b e l t ,  t h e  m a j o r  p o t e n t i a l  

s u u ~ c e  u i  co rn  residues. A wide  v a r i e t y  o f  s o i l  c o n d i t i o n s  a r e  i n c l u d e d  i n  

r e g i o n  M atid a  c l a s s i f i c a t i o n  o f  t h e i . r  r e l a t i v e  s u i t a b i l i t y  o n  a Land Resource  

Area (LM) b a s i s  i s  d e s i r a b l e .  

The LRA's i n  Region  M a r e  g rouped  i n t o  5 g r o u p s  i n  T a b l e  2 a c c o r d i n g  t o  

t h e  s u i t a b i l i t y  o f  t h e  s o i l s  f o r  f u r n i s h i n g  c o r n  r e s i d u e  f o r  power g e n e r a t i o n .  

The 77 m i l l i o n  a c r e s  o f  l a n d  i n  t h e  "good" and  " m o J e r a t e l y  good" c a t e -  

g o r i e s  i s  t h e  most 1 ik . e ly  s o u r c e  o f  s u p p l y .  I n  Lliis a r e a  t h e  s o i l s  c a n  b e  

k e p t  i n  a  s t a t e  o f  h i g h  p r o d u c t i v i t y  even  though o r g a n i c  m a t t e r  l c v e l s  a re  

d e c l i n i a g  and t h e  s o i l s  a r e  e r o d i n g  a t  a  h i g h  r a t e .  Crop r e s i d u e s  p r o p e r l y  

u sed ,  can  c u t  e r o s i o n  r a t e s  i n  h a l f  b u t  o v e r  t h i s  a r e a  a s  shown by L a r s o n  e t  

a l .  1976 ,  e r o s i o n  w i t h  p r e s e n t  c r o p p i n g  p a t t e r n s  would b e  i n  e x c e s s  o f  pe r -  

m i s s i b l e  r a t e s  even  i f  a l l  c r o p  r e s i d u e s  were  l e f t  on  t h e  l a n d .  S1.ope.s a r e  

mode ra t e  t h r o u g h o u t  t h i s  a r e a  and  much o f  t h e  l a n d  h a s  s l o p e s  o f  3 p e r c e n t  

o r  l e s s .  E r o s i o n  o r  a t  least  o f f s i t e  e r o s i o n ,  c a n  b e  c o n t r o l l e d  r e l a t i v e l y  

e a s i l y  on  t h i s  t y p e  o f  l a n d  w i t h  s t r u c t u r e s  s u c h  as t e r r a c e s  and s e t t l i n g  

b a s i n s  and s u c h  s t r u c t u r e s  must  b e  u s e d  i f  t h i s  l a n d  is t o  c o n t i n u e  i n  i t s  

p r e s e n t  u s e  and  e r o s i o n  r e d u c e d  t o  s a t i s f a c t o r y  l e v e l s  even  wi.thh1.1.t any ro -  

moval o f  r e s i d u e s .  



Table  2 .  R e l a t i v e  importance  o f  c r o p  r e s i d u e s  f o r  m a i n t a i n i n g  p r o d u c t i v i t v  
o f  s o i l s  i n  Land Resource  Region M ,  t h e  corn  b e l t  

Land Use Area P o t e n t i a l  f o r  r e s i d u e  
No. Acres x 1000 D e s c r i p t i o n  use  and l i m i t  

To ta l  

102 22,528 5373 L o e s s , t i l l a n d s a n d y p r a i r i e s  Good 
Moody 

103  19,169 5741 C e n t r a l  Iowa & Minn. T i l l  P r a i r i e s  Good Wind 
Clarion-Webster  e r o s i o n  

10 4  6 ,238  1863 E a s t e r n  Iowa & Minn. T i l l  P r a i r i e s  Good 
Kenyon-Floyd 

105 10,177 1500 Northern  M i s s i s s i p p i  Va l l ey  Loess  Moderate e r o s i o n  
H i l l .  F a y e t t e  

10 6  6 ,097 871 Nebraska and Kansas L o e s s - d r i f t  Moderate e r o s i o n  
H i l l s .  

107 11 ,601  3445 Iowa and M i s s o u r i  deep l o e s s  h i l l s  Moderate e r o s i o n  

108 23,721 8032 I l l i n o i s  & Iowa deep l o e s s  and 
d r i f t  

109 9,665 1220 Iowa & M i s s o u r i  heavy t i l l  p l a i n  

110 5,514 1513 Northern  I l l i n o i s  & I n d i a n a  heavy 
t i l l  p l a i n  

111 21,587 5068 I n d i a n a  & Ohio till p l a i n  

112 14,637 590 Cherokee p r a i r i e  

113 6 ,015 820 C e n t r a l  c l a y  pan a r e a  

Good 

Moderate heavy sub- 
s o i l s  C, 
s t e e p  
s l o p e s  

Moderate ly  
good 

Moderate ly  F o r e s t e d  
poor  (Low c l a y )  

Poor  Clay pan 
(Low s u r -  
f a c e  c l a y )  

Poor  Clay pan 

114 11,316 1808 Sou thern  I l l i n o i s  and I n d i a n a  Poor  Clay pan 
t h i n  l o e s s  and t i l l  p l a i n  

115 15,313 1875 C e n t r a l  M i s s i s s i p p i  V a l l e y ,  Wooded Poor .  S t e e p ,  
s l o p e s  s l o p e s ,  

f o r e s t e d  
s o i l s  



~ e r t a . i n l y '  n o t  a l l  c o r n  f i e l d s  s h o u l d  b e  o r  c o u l d  b e  u sed  e a c h  y e a r  and 

p r ~ b s b l y  no one  f i e l d  s h o u l d  b e  u sed  e v e r y  y e a r  b u t  a  r e a s o n a b l e  g d a l  might  

b* t o  u s e  t h e  r e s i d u e  f rom one  h a l f  o f  t h e  f i e l d s  i n  t h i s  a r e a  h a l f  o f  t h e  t i m e  

The 37 m i l l i o n  a c r e s  w i t h  m o d e r a t e  p o t e n t i a l  i n c l u d e s  a  v a r i e t y  o f  s o i l  

c c n d i t i o n s  t h a t  l i m i t  t h e  s u i t a b i l i t y  o f  t h e  a r e a s  f o r  f u r n i s l l i n g  c o r n  r e s i d u e s .  

LRI Nos. 1 0 5 ,  106 a n d  107  c o n t a i n  l a r g e  a r e a s  o f  s t e e p  s l o p e s  whe re  some c r o p  

r e s i d u e s  a r e  needed co p r e v e l l i  g ~ u s s  e r u s i u ~ ~  Lc twten  terraccg and t n  a c h i o v a  

a  30re u n i f o r m  waL,er i ~ ~ L , d k e  of' t h t  3611 ehan wuuld U C C U L  i K  a l l  i'+aidi.ilr rlTnq 

r enoved .  LRA No. 108 c o n t a i n s  a r e a s  o f  h i g h l y  p ~ o d u c ~ l v t !  ~.lCIge lcillcl ( ~ L U U L  

20 p e r c e n t  o f  t h e  t o t a l )  b u t  l a r g e  a r e a s  o f  m o d e r a t e l y  p r o d u c t i v e  and  h i g h l y  

e r . > s i v e  t i l l  d e r i v e d  h i l l y  s o i l s .  T h e s e  h i l l s i d e s  s h v u l d  n o t  b e  u s e d  f o r  

c r a p l a n d  and  i f  t h e y  a r e  s o  u s e d ,  t h e y  need  a l l  t h e  c r o p  , r e s i d u e s  t h e y  p r o d u c e  

t c  h e l p  keep  e r o s i o n  u n d e r  c o n t r o l .  

LRA No. 111 is a  l a r g e  and a g r i c u l t u r a l l y  v e r y  i m p o r t a n t  a n d  p r o d u c t i v e  

a r e a .  A p o r t i o n  o f  t h e  s o i l s  i n  t h i s  a r e a  d e v e l o p e d  u n d e r  f o r e s t ,  a r e  low i n  

c i ~ y  i n  t h e  s u r f a c e  and requlre r e g u l a r  a d d i t i o n s  o f  r e s i d u e s  t o  k e e p  t h e  s o i l s  

i n  a  good s t a t e  o f  t i l t h .  ' Also  t h e r e  is  more u s e  o f  t h e  curl1 Luidge for s i l a g e  

o r  f o d d e r  f o r  l i v e s t o c k  f e e d  t h a n  i n  t h e  a r e a s  f u r t h e r  w e s t .  L a r g e  q u a n t i t i e s  

of  r e s i d u e s  a r e  p roduced  and  l o c a l l y  a d e q u a t e  q u a n t i t i e s  migh t  b e  a v a i l a b l e  

b u t  t h e  s u p p l y  would  b e  l e s s  r e l i a b l e  t h a n  i n  t h e  a r e a s  p r e v i o u s l y  d i s c u s s e d .  

LRA Nos. 1 1 2 ,  1 1 3  and  114  are c o n s i d e r e d  t o  b e  p o o r  p o t e n t i a l  s o u r c e s  o f  

r e s i . dues  b e c a u s e  most  o f  t h e  c r o p l a n d  i n  t h e s e  a r e a s  i s  o n  n e a r l y  l e v e l  c l a y -  

pa? s o i l s .  These  s o i l s  d e v e l o p e d  u n d e r  p r a i r i e  b u t  are  h i g h l y  w e a t h e r e d  and  

t h e  s u r f a c e  s o i l s  a r e  a c i d ,  low i n  c l a y  and  low i n  o r g a n i c  matter. These  
w 

s o i l  p r o p e r t i e s  a re  c h a r a c t e r i s t i c  o f  t h e  f o r e s t e d  s o i l s  t o  t h e  e a s t  whe re  

t h a  c r o p  r e s i d u e s  a r e  needed  on t h e  l a n d  t o  m a i n t a i n  s o i l  p r o d u c t i v i t y .  
. . 

LRA No. 115  is  domina ted  by s t e e p  s l o p e d  and  f o r e s t e d  s o i l s .  The a r e a  



is not w e l l  s u i t e d  t o  c rop  p r o d u c t i o n  and on most c r o p l a n d  t h e  r e s i d u e s  t h a t  

a r e  produced a r e  needed and a r e  used on t h e  l a n d .  

Summary of  p o t e n t i a l s  f o r  u s e  o f  c rop  r e s i d u e s  f o r  energy g e n e r a t i o n  

The p r i n c i p a l  s o u r c e  of  c r o p  r e s i d u e  t h a t  cou ld  be removed from t h e  l a n d  

wi thou t  s e r i o u s l y  lower ing  f u t u r e  c r o p  p r o d u c t i o n  o r  g r e a t l y  r a i s i n g  produc- 

t i o n  c o s t s  is  t h e  corn  r e s i d u e  t h a t  is commonly l e f t  on t h e  f i e l d s  throughout  

much of  t h e  corn  b e l t .  The d e s i r a b l e  p h y s i c a l  c o n d i t i o n s  of  m:ny o f  t h e  Mol l i -  

s o l s  and E n t i s o l s  o f  t h i s  r e g i o n ,  t h e  s o i l s  t h a t  developed under  t a l l  g r a s s  

p r a i r i e  depend more on t h e  amount and k i n d  of  c l a y s  i n  t h e  s u r f a c e  t h a n  on 

o r g a n i c  m a t t e r  and  t h e  n a t u r e  of  t h e  c l a y s  is no t  e a s i l y  changed by man. Slop- 

i n g  l a n d  i n  t h i s  r e g i u n  is s u b j e c t  t o  e r o s i o n  b u t  abou t  80 m i l l i o n  a c r e s  a r e  

on s l o p e s  of  l e s s  than  3 p e r c e n t  where w a t e r  e r o s i o n  can be  r e a d i l y  c o n t r o l l e d  

and t h e  l a n d  remain i n  row c r o p s .  The 5 0  m i l l i o n  o r  s o  a c r e s  o f  c r o p l a n d  i n  

t h i s  r e g i o n  t h a t  is on s l o p i n g  l a n d  is s u b j e c t  t o  s e v e r e  e r o s i o n  i f  used f o r  

c l e a n  t i l l e d  c rops  such as c o r n  and soybeans .  Eros ion  can b e  c o n t r o l l e d  i n  

p a r t  by minimum t i l l a g e  p r a c t i c e s  and by i n t e r s e e d i n g  and o f f  s i t e  e r o s i o n  

damage can be  c o n t r o l l e d  w i t h  t e r r a c e s  and s e t t l i n g  b a s i n s  on most .  

I n  t h i s  r eg ion  some 35-45 m i l l i o n  a c r e s  a r e  i n  c o r n  each y e a r  f u r n i s h -  

i n g  a  l a r g e  p o t e n t i a l  s o u r c e  o f  c o r n  s t o v e r  w i t h i n  abou t  200 miles o f  t h e  

I l l i n o i s - I o w a  b o r d e r  a s  a t  Davenport-Moline. 

Another s o u r c e  of  energy from c r o p  r e s i d u e s  is from wheat s t r a w  and i n  

good crop y e a r s  a  t o n  o r  s o  p e r  a c r e  might b e  g a r n e r e d  from t h e  wheat  f i e l d s  

of t h e  p l a i n s  s t a t e s ,  b u t  mos t ly  i n  Kansas.  I n  d r y  y e a r s ,  most o f  t h e  s t r a w  

would be  needed t o  f u r n i s h  ground cover .  Wheat grown i n  a doub le  c ropp ing  

sys tem w i t h  soybeans i n  t h e  s o u t h e a s t e r n  U n i t e d  S t a t e s  f u r n i s h e s  a  s m a l l  b u t  

f a i r l y  dependable  s o u r c e  of  straw a s  t h e  s t r a w  needs  t o  b e  removed from t h e  



summary 

Rating 
p o t e n t i a l  

Areas Acres Acres o f  corn reg iduc 
Tons/A To ta l  

Good 

Corn Tons 

Moderately Good 110 5,514,000 1,513,000 . 6  .9M 

Moderate 

Moderately poor 111 21,587,000 5,068,000 .4 2 .  OM 

Poor 



land b e f o r e  soybeans  a r e  p l a n t e d .  

Rice s t r a w ,  though h igh  i n  s i l i c a ,  might supplement wheat s t r a w  from t h e  

wheat-soybean .double c r o p  f i e l d s  i n  t h e  d e l t a  i n  LRR,  0. 

No mention h a s  been made o f  t h e  u s e  of  o a t  s t r a w  o r  of hay c r o p s  f o r  

energy g e n e r a t i o n  because  i n  g e n e r a l ,  t h e s e  c r o p s  a r e  produced o n l y  a s  needed 

i n  l i v e s t o c k  o p e r a t i o n s  and a l l  o a t  s t r a w  is used f o r  bedding o r  f e e d .  

Growth o f  Crops P r i m a r i l y  f o r  Energy P r o d u c t i o n  

There a r e  two major a r e a s  on which p l a n t  growth p r i m a r i l y  f o r  e n e r g y  

p roduc t ion  shou ld  l o g i c a l l y  b e  c o n s i d e r e d :  1 )  on s o i l s  u n s u i t e d  t o  food 

p r o d u c t i o n  i n  humid s e c t i o n s  because  of  s t e e p  s l o p e s ,  s h a l l o w ,  rocky o r  

o t h e r w i s e  u n s u i t a b l e  s o i l s  f o r  c r o p  p r o d u c t i o n  and 2 )  i n  a r i d  and semi- 

a r i d  r e g i o n s  where food c r o p s  o r  f o r a g e  makes s c a n t  growth.  

I n  t h e  humid r e g i o n s  emphasis would l o g i c a l l y  b e  on p r o d u c t i o n  o f  

c a l o r i e s  and a  wide a r r a y  o f  a n n u a l  and p e r e n n i a l  p l a n t s  w a r r a n t  c o n s i d e r a t i o n .  

I n  n o s t  i n s t a n c e s ,  c o s t s  would d i c t a t e  t h a t  t h e  t e r r a i n  be  a c c e s s i b l e  t o  har-  ' 

v e s t  equipment and c o s t s  a l s o  would u s u a l l y  f a v o r  p e r e n n i a l s .  Such p e r e n n i a l s  

a s  Johnson g r a s s ,  i f  h e a v i l y  f e r t i l i z e d  w i t h  N,  can produce 6 t o  1 0  t o n s  of  

d ry  m a t t e r  p e r  a c r e  p e r  yea r .  Hybrid p o p u l a r ,  kudzu,  and c r o t o l a r i a  a r e  ex- 

amples o f  t h e  range of  p l a n t  s p e c i e s  t h a t  e i t h e r  a r e  e x t e n s i v e  now o r  c o u l d  

be  i n t r o d u c e d  and h a r v e s t e d  on a s u s t a i n e d  b a s i s  f o r  power g e n e r a t i o n .  

With t h e  p e r e n n i a l s ,  a mat o f  l i v i n g  r o o t s  would b e  p r e s e n t  a t  a l l  t imes  

and w i t h  most s p e c i e s  t h e  s o i l  s u r f a c e  would .be  p r o t e c t e d  even f o l l o w i n g  ha r -  

v e s t  s o  e r o s i o n  shou ld  b e  e a s i l y  c o n t r o l l e d  under  most sys tems .  S o i l  d e t e r i -  

o r a t i o n  problems would b e  mos t ly  c o n f i n e d  t o  f e r t i l i t y  d e c l i n e s  which c o u l d  

b e  c o r r e c t e d  w i t h  f e r t i l i z e r s .  



If t h e  assumpt ion i s  made t h a t  n o . l a n d  i n  humid s e c t i o n s  would be t aken  
. . 

o u t  o f  c rop land  f o r  t h i s  u s e ,  c o m p e t i t i o n  f o r  land would be between l and  f o r  

p a s t u r e  o r  f o r e s t  and on t h e  f o r e s t  l and  t h e  c o m p e t i t i o n  wou.ld be between wood 

f o r  pulp  o r  lumber o r  f o r  ene rgy .  

There is a  v a s t  t o t a l  p o t e n t i a l  a c r e a g e  i n  t h i s  c a t e g o r y .  A s  shown i n  

Tab le  3 t h e r e  a r e  i n  t h e  p r i v a t e  s e c t o r  102,444,000 a c r e s  o f  p a s t u r e ,  

462,724;000 a c r e s  of  l o r e s t  and 380,311,000 a c r e s  of  r ange  l a n d .  C l i m a t i c  

c o n d i t i o n s  on p a s t u r e l a n d  and f o r e s t  a r e  g e n e r a l l y  hamid b u t  range from sub- 

humid and seml-arid on t h e  range land .  

N a t i o n a l l y  t h e r e  i s  a  l a r g e  r e s e r v o i r  of  LUC C l a s s e s  I through I11 t h a t  

i s  no t  now i n  c rop land  amounting t n  some.230 m i l l i o n  a c r e s .  The l a r g e s t  

c o n c e n t r a t i o n  of  t h i s  q u a l i t y  o f  l a n d  is  i n  t h e  s o u t h e a s t e r n  c o a s t a l  p l a i n s  

i n  Land Resource Region P where t h e r e  is some 50 m i l l i o n  a c r e s  o f -  l a n d  i n  t h i s  

c a t e g o r y .  T h i s  l a n d  is now. i n  p a s t u r e  o r  f o r e s t  and some would r e q u i r e  

d r a i n a g e  b e f o r e  i t  cou ld  be  uscd f o r  c r o p l a n d  b u t  might b e  s u i t a b l e  i n  i t s  

p r e s e n t  s t a t e  f o r  of  so rne ' types  o f  energy c r o p s .  p r o d u c t i o n  of  
. . 

planr: growth f o r  energy u s e s  would,  o f  c o u r s e ,  be  i n  c o n f l i c t  w i t h .  t h e i r .  use 
. . . , 

f o r  f o r e s t  o r  p a s t u r e  and p o t e n t i a l l y  f o r  t h e i r . u s e  a s  c rop land .  . -' 

I n  t h e  a r i d  and semi -a r id  r e g i o n s ,  t o t a l  v e g e t a t i v e  g t o y t h  .is much l e s s  

than  i n  humid r e g i o n s .  Over v a s t  a r e a s  t o t a l  a n n u a l  growth is  s u f f i c i e n t  

o n l y  t o  s u p p o r t  one  cow on 20 t o  40 a c r e s  o f  range.. . . 

. . . , . . . .  

On such. a r e a s ,  i n t e r e s t  i s  l e s s  i n . t o t a l  p r o d u c t i o n  t h a n  i n  p r o d u c t i o n  
. .  , 

. . 
o f  s p e c i a l i z e d  compounds such  a: a r k  e o m n n l y  by s p c c i e l  s p e c i e s  

. . 

under  ' cond i t ions  of  drought.  s t r e s s .  p r o d u c t i o n  of  r u b b e r  b y .  t h e  q u a y a l e  

. . 
p l a n t  i s  ' s u c h '  a n  example. Some p l a n t s  o f .  semi -a r id  r e g i o n s  produce a  hydro- 

. . . .  : . . 

carbon  compound t h a t  can  r e a d i l y  b e  c o n v e r t e d  i n t o  a  g a s o l i n e - l i k e  fue l , .  
. . . . . . 



* T a b l e  3. M a j o r  Land Use C a t e g o r i e s  i n  t h e  U n i t e d  S t a t e s  

X 3: 
1 , 0 0 0  a c r e s  Non F e d e r a l  R u r a l  T o t a l  

Tot.31 L . ~ n d  Area 2 , 2 6 8 , 2 1 5  1 0 0  

Son F e d e r a l  R u r a l  Land 1 , 4 L 0 . 0 0 2  1 0 0  6  4  

C r o p l a n d  
P a s c u r e l a n d  
Range l a n d  
F o r e s t .  l a n d  
O t h e r  

F e d e r a l ,  Urban E t c .  

A l l  o t h e r  l a n d s  8 2 7 . 8 3 8  100 36 

F e d e r a l  N o n c r o p l a n d  759.602** 9 2 
Urban  a n d  b u i l t - u p  6 1 , 1 1 9  7 
Wacer a r e a  7 , 1 1 7  I 

- -- - - - - - - - * 
From N a t i o n a l  I n v e n t o r y  of S o i l  a n d  W a t e r  C o n s e r v a t i o n  S e e d s  1 9 6 7 ,  USDA, 
S t a t  B.  No. 461 .  

** 
Of t h e  F e d e r a l  n o n c r o p l a n d  3 6 0 , 0 3 5 , 0 0 0  a c r e s  o r  4 3  p e r c e n t  of t o t a l  is 
i n  A l a s k a .  



P r o d u c t i o n  of  t o t a l  c a l o r i e s  p e r  a c r e  p e r ' y e a r  would be s m a l l  under 

d e s e r t  c o n d i t i o n s  b u t  p r o d u c t i o n  of  s p e c i a l  p h o t o s y n t h a t e s  cou ld  b e  v e r y  

importi int .  There  a r e  many a c r e s  of  d ry  l a n d  t h a t  a r e  now produc ing  ve ry  low 

y i e l d s  of any u s e f u l  p r o d u c t .  S p e c i a l  p l a n t  s p e c i e s  t h a t  could  accumulate  

hydrocarbons  f o r  s e v e r a l  y e a r s  might r educe  p l a n t  e s t a b l i s h m e n t  and h a r v e s t i n g  

c o s t s  t o  a  p r a c t i c a l  p o i n t .  These d e s e r t  a r e a s  cou ld  n o t  compete w i t h  humid 

a r e a s  i n  terms of  t o t a l  c a l o r i e s  produced b u t  might w e l l  become v a l u a b l e  

s o u r c e s  of  special  fuels. 

There does n o t  a p p e a r  t o  be any reason  f o r  concern  f o r  s o i l  d e t e r i o r a t i o n  

under any c o n c e i v a b l e  type  of s p e c i a l  p l a n t  p r o d u c t i o n  program on d e s e r t  and 

semi-deser t  l a n d s .  

Large a r e a s  o f  t h e  d ry  l a n d s  a r e  p u b l i c  l a n d s  i n c l u d e d  i n  t h e  759,602,000 

a c r e s  of F e d e r a l  noncropland c a t e g o r y  o f  Tab le  3.  P o r t i o n s  of  t h e  380,311,000 

a c r e s  of r ange land  l i s t e d  a s  n o n f e d e r a l  r u r a l  l a n d  a l s o  i s  o f  t h i s  n a t u r e .  



Appendix A 

Major Land Use D i v i s i o n s  i n  t h e  Uni ted  S t a t e s  

A s  shown i n  Tab le  3 t h e r e  a r e  438,240,000 a c r e s  o f  c r o p l a n d  shown i n  

t h e  1967 N a t i o n a l  I n v e s t o r y  of  S o i l  and Water Conserva t ion  needs  on n o n f e d e r a l  

r u r a l  l a n d  i n  t h e  Uni ted  S t a t e s .  T h i s  c rop land  is abou t  20 p e r c e n t  of  t h e  

t o t a l  l and  a r e a .  

A s  shown i n  Tab le  4 most c r o p l a n d  is on LUC (Land Use C a p a b i l i t y  C l a s s ~ s )  

C l a s s e s  I t d  111. Ninety  p e r c e n t  of a l l  row c r o p s  a r e  on LUC I and I11 and 

a s  y i e l d s  a r e  h i g h e r  on t h e s e  s o i l s  than  on t h e  o t h e r  LU Classes , ,  e s s e n t i a l l y  

a l l  row c rop  p r o d u c t i o n  t a k e s  p l a c e  on t h e s e  s o i l s .  

Table  5 i n c 1 u d e s . a  c l a s s i f i c a t i o n  o f  c r o p l a n d  by LU C l a s s e s  and sub- 

c l a s s e s  f o r  16 midwest s t a t e s ,  which i n c l u d e s  t h e  c o r n  b e l t .  T h i s  t a b l e  shows 

t h a t  on 158.8  m i l l i o n  a c r e s  of  c r o p l a n d  o u t  o f  a  t o t a l  of 209.7 m i l l i o n  a c r e s  

i n  t h i s  r e g i o n ,  e r o s i o n  is n o t  t h e  most s e v e r e  problem. 



* 
Table  4 .  Cropland i n  t h e  United S t a t e s  by Land Use Capabi l i ty  C l a s s e s  

LU C Crop l a n d  Row crops Close groun crops 
1000 i irres X 1000 a c r e s  2 100 a c r e s  Z 

TOTAL 437,583 100 160,355 100 100.644 100 1 

* 
From Nat ional  f nventory o f  S o i l  and Water Cor~servat ion Needs 1967 , .  USDA, 
S t a t  8. No. 461. 



T a b l e  5. C r o p l a n d  i n  t h e  1 6  n o r t h  c e n t r a l  s t a t e s  r e g i o n  of t h e  U n i t e d  S t a t e s  
by  Land Use C a p a b i l i t y  c l a s s *  

S t a t e  

Land C s e  C.?pabi 1 i t y  C l a s s  
I I I I I IKSC SUBTOTAL IIIe TOTXL 

...................... 1 0 0 0  a c r e s  ..................... 

K a n s a s  
K e n t u c k y  
I l l i n o i s  
I n d  i a n a  
I o v a  
X i  c h  i g a n  
Y i n n r s o t a  
Ui s s o u r  i 
~ 6 S r a s k a  
S o r t h  D a k o t a  
Oh is 
Scuth D a k o t a  
h ' i scons  i n  

T o t a l s  1 5 8 , 7 7 8  5 0 , 9 8 0  2 0 9 , 7 5 8  

* 
From S h r a d e r  a n d  L a n d g r e n  ( L ) .  
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Quest ion:  A s  you go f a r t h e r  no r th ,  I understand t h a t  t h e  r e s idues  
g e t  t o  be a  problem and a s  you ge t  t o  no r the rn  Iowa and southern  Minnesota 
you r e a l l y  want t o  plow re s idues  under i n  t h e  f a l l  s o  t h a t  you w i l l  have s o i l  
warm up quick ly  i n  t h e  s p r i n g  and t h a t  encourages e ros ion .  

Answer: That i s  q u i t e  c o r r e c t .  There a r e  no easy answers. . I n  
f a c t ,  sometimes t h e r e  a r e  no answers. And t h i s  is  t h e  case  where t h e r e  a r e  
t h e s e  c o n f l i c t i n g  o b j e c t i v e s  and problems. If you c o n t r o l  t h e  e ros ion  you 
i n c r e a s e  t h e  d i s e a s e  hazard ,  you i n c r e a s e  t h e  problems of i n s u f f i c i e n t  t e m -  
p e r a t u r e .  
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It is a p leasure  to ta lk with you today. It is a l so  a distinct 

privilege. Let m e  a lso  confess a t  the outset that not too many 

months ago I wasn't  fami l ia r  with the t e r m  - -  Biomass - - o r  i t s  

importance. 

W h e n  asked to  speak t o  you la te  l a s t  week, I was  a bit at  

loose ends. Clearly, I couldn't d i scourse  on the policy i s sues  

that the Sec re t a ry  of Agriculture would have addressed,  What would 

I s a y  t o  you; what theme should I key m y  r e m a r k s  to?   us in^ about 

this ,  I felt some  obligation to  speak out on some i s sues  of scientific 

substance. Af ter  all ,  my  entire '  c a r e e r  of 40t y e a r s  has  been in 

r e s e a r c h  o r  the management of it. I said to  myself, "You should 

not have been su rp r i sed  by the new word "Biomass" and you should 

know a good deal m o r e  about i t  than you do. I '  



I 

I was  perplexed as  I thought about this. Then it began to  occur  

to  m e  that in m y  25 y e a r s  a s  president of MRI, and even f r o m  the days 

of my e a r l i e r  work in r a d a r  and television, I had been forced to  l e a r n  

the r ea l  meaning of many new t e r m s .  . . l ike t r ans i s to r s ,  integrated 

c i rcu i t ry ,  pacemakers ,  l a s e r s ,  cyrogenics,  agribusiness ,  bir th  control 

pil ls ,  herbicides,  regional economics. cr iminal is t ics ,  rcvc rst ilrigration, 

and s o  on. I 'm sure each nf you hao a oiniilai lisL. 

Sul~lt: uf these new ' t e rms  a r e  the product of scientific and 

technological p rogress ,  o thers  resul t  f r o m  social ,  economic and 

political forces .  

The old notion tllal change i s  an  integral  and necessa ry  p a r t  of 

the human existence came  back t o  me, to  reinforce the fact that the 

successful management of change i s  a prerequisi te  for  accomplishing 

what we hurnan beings want out of lifc. Ilow do we cope wlth change, what 

changes a r e  upcoming, what can we do given what we know, and what 

e l se  do we need t o  know to make things come out the way we want o r  

hope for. "Chance favors  the prepared  mind. " 

Each of you i s  h e r e  today because you recognize this  genera l  

proposition and you want m o r e  fully to  understand what role  biomass 

can play. You a r e  to be congratulated. Human p rogress  i s  depcndent 

.upon people like you who a r e  both sufficiently skil led and farsighted to  

explore the .unconventional, 



Had someone told me 35 years  ago when I was working on the 

emerging technology of radar  and pulsing circui ts  and microwaves, 

that the cultivation and burning of g r a s s  would be  the subject of a n  

important conference, I would have been amazed. Yet, given the 

changes which. have occured in the intervening years ,  this  conference 

i s  at  the forefront. It i s  aimed at dealing with one of the rea l  future 

i ssues  of consequence. 

The energy c r i s i s  has  been bandied around a s  a t e r m  so much 

that I almost hate to  mention it especially at an energy related 

conference. But unless you who a r e  investigating the potential of 

biomas s and your colleagues who a r e  s imilarly exploring the potential 

of other means of dealing with the generic energy supply i ssue  a r e  

successful, our whole way of life -- the construct of our economy and 

society, is in rea l  jeopardy. 

I l i teral ly stand. before you physically today because others  like 

you ear l ier  perceived problems and looked to unheard of solutions.. 

F o r  some seven years  now, I have had a pacemaker implanted in my 

chest. Had a few M. D. s and electronics engineers not sought out 

solutions to my part icular  hear t  d isorder .  - - '  the Stokes-Adams syndrome, 

known for  over 100 years  - -  and gotten together to exchange information, 

I would not be your speaker today, o r  anyone e lse ' s  speaker.  



Whether o r  not you agree  with what I have to say to you today, 

I a m  grateful to that ea r l i e r  group of farsighted researchers .  I can't 

say  that I a m  "eternally" grateful, hut  I can say that they a r e  the 

recipients of my gratitude for  an  extended life, due to their 'sharing of 

information among different t rades.  And so a r e  90,000 other Americans. 

This symposium may not save the life of a part icular  individual, 

but it may well contribute to  the continuailcc of our society. I again, 

commend you for  being here. 

I have spoken of change and the fact that it i s  a n  integral part  

of the scientific, technological, and human process.  But, it is  easy to 

lose  sight of this. It is  more comfortable to be complacent - -  to look 

back on the good old days - -  to believe that we have finally reached 

fulfillmert.. 

Let m e  cite an example o r  two. It wasn't too many years  ago 

that John Kenneth Gailbraeth wrote a book entitled "The Affluent 

Society, " in which he, set forth the view that Americans had reached 

a point wherein our problems were  ones of dealing with abundance 

ra ther  than scarcity. At about the same time, a r esea rcher  at the Center 

for  the Study of Democratic Institutions in Santa Barbara published a 

piece which put forth the notion that economics was an  obsolete science. 

Economics, he said, was the science of the allocation of sca rce  resources. 

The future, he said would have to deal with the allocation of abundance. 



The oil rich s tates  in the Middle Eas t  taught us different. They 

dramatically demonstrated just how dependent our economy and way 

of life was dependent upon energy. By their  withholding and pricing actions, 

they proved that our  seemingly omnipotent economy had an  Achilles heel. 

F o r  the f i r s t  t ime  in history, inflation and recession went hand in hand. 

This  upset a number of traditional economic theories. After severa l  yea r s ,  

economists a r e  sti l l  groping around with this dilemma. The success '  

of the OPEC car te l  was not lost upon others. One of the side benefits 

you obtain f r o m  attending this symposium is that fo r  two days y,ou will 

not have to  l is ten t o  your wives complain about coffee prices.  

E a r l i e r  this week, I heard that the United States and Canada 

had scheduled talks on the establishment of a wheat cartel;  the two nations 

account for  something like 80% of a l l  wheat exports. The resul ts  of , . 

these talks will be quite important t o  the future of the Midcontinent 

region, the segment of the United States between the Mississippi River . 

and the Rocky Mountains. Many of us in Kansas City like to think that 

it is the Capital of the Midcontinent region. If we a r e  not actually the 

capital, now, we have plans to  become s o  in the not too distant future. 

The control of natural resource  sources  by more  advanced, 

consuming societies was  the bas i s  fo r  the Colonial e ra ,  which spanned 

severa l  centuries worldwide. About midway during the Colonial 

period it even became codified into econornic theory. It was called 

mercantil ism. 



This  exploitation of the natural r e sources  of others  wasn't  l imited 

to  European nations living high off the r e sources  of Asia,  Africa,  and 

South America.  It occurred  h e r e  within the United States too. 

F o r  decades this  Midcontinent par t  of the country provided many 

of the natural r e sources  upon which the established M,et ropolitan a r e a s  

of thc East flourished. In rriore recent t imes ,  the ci t ies  of the West 

Coast s imi lar ly  enjoyed the frui ts  of our  resources .  The resul t  was  that 

t h i s p a r t  of the country suffered f r o m  an  inferiority complex that was 

a s  l a rge  a s  our gra in  production. We were  not underdeveloped, but 

underrecognized. This in turn  led to  the export of our  most precious 

resource  - -  our 'bright,  young people. We educated them well and then 

sent them off to the Eas t  and West coasts  to contribute to  the economic 

development of those regions. 

At f i r s t  this  outflow of people wa.s h a . s ~ d  i n  f a c t  - -  the necessa ry  

jobs were  not in this par t  of the country. Later ,  the outflow was reinforced 

by an  ethic among thc young. Roughly, it was  that vrlly Lhe l o s e r s  stayed 

in thc i r  hometowns: the bright., well -I riiinrrl y01.1ng had to migrato to  

where  they believed the action was. 

All that h a s  changed, especial ly  in the l a s t  2 - 3  decades. But a s  

I mentioned ea r l i e r ,  we a r c  rcmarkably slow to recogrlize the r eve r sa l  

of t rends  and respond to  them. 



F o r  example,  by World War I, it should have been apparent to a l l  

that the old o r d e r  was changing - -  that the Colonial s y s t e m  was in the 

p rocess  of decay. Then, during World War 11, we went through a number 

of agonies when t h e  Japanese  cut us off f r o m  our  sources  of rubber,  tin 

and other natural resources .  It therefore,  shouldn't have been a s u r p r i s e  

to  us  when the Arabs  did what they did with respect  to oil, o r  the 

Brazi l ians a r e  now doing with coffee. 

During this  s a m e  period, changes were  occuring within the U. S. 

economy and society. The  South was r i s ing  again. However, this  t ime,  

when the recognition of what was happening finally sank in, it was  

called the Sun Belt. Similar  resurgence  was taking place in the Midcontinent. 

Midwest Research Institute i s  a product of this  trend. In 1944 a few 

farsighted civic l eade r s  in Kansas City recognized that technology coupled 

with the natural  r e sources  of the region was the key to  the future. They 

looked around, discovered that the r e sources  w e r e  here ,  but that the 

technology had to be imported f r o m  the Eas t  and West Coasts  - - o r  that 

the raw mater ia l  had to  be shipped there,  contributing to the j a m  of those 

sectors .  

Thus,  MRI was founded. Clear ly,  we a r e  not solely responsible 

fo r  the remarkable  turnaround this  region h a s  experienced, but we have 

played our  par t ,  and we a r e  proud of it. (15000 scienct is ts  and engineers  

h e r e  - -  Linda Hall L ib ra ry )  
' 



One of the m o r e  recent  things we have done i s  to  es tab l i sh  a 

s e r i e s  of l e c t u r e s  which we cal l  Midcontinent Pe r spec t ive s .  Now in 

i t s  th i rd  y e a r ,  it enta i ls  monthly get - toge thers  of the local. l e ade r sh ip  

t o  l i s t en  t o  acknowledged expe r t s  - -  al l  f r o m  this  region,  by the  way. 

We examine i s s u e s  which will affect the cou r se  of events  in the Midcon- 

tinent. We then dis t r ibute  monographs of these  ta lks  and quest ions  and 

a n s w e r  exchanges throughout the region - -  to  2 O r  3 thousand d e c i s i n n  

maker s .  In our  f i r s t  yea r  we focused,  r a t h e r  natural ly ,  on the  food 

supply arid demand chain.  Last y e a r  we looked at the energy  sitl .~ation 

f r o m  the pr iva te  s e c t o r  view, and i t s  impact  on the region. T h i s  y e a r  

we a r e  conducting a s e r i e s  of specnlations on var ious  face t s  of life in 

ou r  pa r t  of the country  a s  they will  be  in  the yea r  2001. 

Th i s  s e r i e s  focuses  on ' cu r r en t  and upcoming i s s u e s  we face  

h e r e  in the Midcontincnt, such a s  agr ibus iness ,  telecvrnmunications,  . 

ca rd i cvascu l a r  d i s e a s e s ,  the  future  of the farnily, how c i t i es  will  be 

governed in 200 1. Your s emina r  today and tomor row a d d r e s s e s  the 

potential  of a pa r t i cu l a r  solution t o  some  of these  i s sues .  I a m  p e r -  

sonally pleased to  s ee  this .  We a r e  closing in  on the prob lems  and 

opportunit ies f r o m  both ends,  i. e . ,  i s s u e s  and solutions. 

Dr. Garland Hadley, D i r ec to r  of the K'err  Foundation in Oklahoma 

City, and a thorough student of the r e v e r s e  migra t ion  phenomenon, 

quoted f r o m  the London T i m e s  in the  inaugural  s e s s ion  of the  Midcon- 

titlent Pe r spec t ive s  examination of the yea r  2001. The  quote was ,  "The 

Tuesday  evening meet ing of the  Clairvoyance Society of Wicksell  h a s  

been canceled because  of unforeseen c i r cums tances .  " 



Garland went on to  say  that the a r t  of forecast ing must  be in some  

d i sa r ray ,  if the clairvoyance society couldn't project  events a week in  

advance. In my  r e m a r k s  I have alluded to fo rces  which w e r e  in the 

works  for  decades that we failed to  recognize and respond to. 

F o r  two days you will  be looking at the potential of biomass,  i t s  

role in the overal l  energy equation, and a s  a cash  crop. I ' m  not s u r e  

where  this places us in the spec t rum of things we should recognize a s  

i ssues  and solutions. Pe rhaps  we should have held th is  s e m i n a r  10 o r  

20 yea r s  ago. However, given his tor ical  perspective,  it appears  to m e  

that you a r e  substantially in  advance of the react ion t ime man has  typically 

exhibited. 

Since stepping up to  Chairman, of MRI's Board of T r u s t e e s  two yea r s  

ago, I have been deeply involved' on a personal  bas i s  in carving out a 

development course  for  Kansas City and the region it se rves .  MRI, a s  

an  institution, remains  t r u e  to  i t s  founding mandate of regional develop- 

ment, This  semina r  today and tomorrow i s  quite important to  the future 

of this  par t  of the country, 

Some examples of how what you d iscuss  may  affect  the course  of 

development in the Midc ont inent a r e  a: 

The eas te rn  edge of the region l i e s  among the densest  biomass 

production a r e a  of the nation. On the other  hand, the wes tern  side of 

the region i s  charac ter ized  by marginal  land upon which the cultivation 

of biomass c rops  may well be the best long- te rm utilization of that land. 



Currently,  the wes tern  land is  being used for  the production of conventional 

crops.  This  use  i s  only possible by the use  of i r r igat ion and the kind 

fortunes of nature.  By this  I mean, when we get normal  o r  above average 

rai nfall, the wes tern  a r e a  i s  a viable conventional c rop  producing area .  

In t imes  l ike those we a r e  now experiencing, which approach drouth 

conditions, we get not wheat o r  corn, but dust. k'urther, the underground 

water  r e sources  upon which cur rent  i r r igat ion prac t ices  a r e  based a r e  
- 

being rapidly depleted. I suspect you may conclude that the best use  of 

this  land may be something other than the cur rent  prac t ices ,  and that 

biomass c r o p  production may figure strongly in the future of that par t  

of our  region. 

a Second, I presume that all  of you know that this  region i s  r e fe r red  ' 

t o  a s  the "breadbasket of the United States. " Additionally, since some 60% 'is 

of our  national wheat crop, for  example, i s  exported, somc havc t c rmcd  - f 

the region the "breadbasket of the Soviet Union. " This  brings to the fore  

the issue of whether we would be bet ter  off concentrating on the production 

of conventional c rops  for export o r  whether - -  in the face of the energy 

crunch - - we should devote some portion of th is  land to  biomass production. 

Whichever decision i s  reached will have profound implications for  the 

region. 

a Third,  until recently a l a r g e  par t  of the c rops  ra i sed  were  

used a s  feeds  for  animals.  Pr icing considerations in recent yea r s  have 

given us some pause here .  However, this fluctuates back and forth 

based on s h o r t - t e r m  factors .  



but we have many asse ts .  It i s  s t i l l  not too la te  fo r  us to cope. Des Moines, 

! 

Omaha, Oklahoma City, ~ i n n e a ~ o l i ' s ,  Denver, and smal le r  c i t ies  in the 

Midcontinent a r e  s imi lar ly  blessed a n d  manufacturing and serv ice  

It may be that you will conclude that l e s s  land should be devoted to  

feed production and m o r e  to  biomass a s  a cash crop. If you do, i t  will 

have profound repercuss ions  on the existing s t ruc ture  of our economy. 

The existing capital  investment in feed lots,  grain elevators  and s o  on 

would be placed in jeopardy. My point is that this symposium i s  not an 

"ivory tower" event; what you conclude will be of grea t  significance t o  

this a r e a .  

In short ,  you have a r a the r  grave responsibil i ty not only to the 

nation, but to  this region. Despite the decline in the  national bir th  

rate ,  t he re  will be 30 to  50 million m o r e  Amer icans  by the tu rn  of the 

century. The Midcontinent region is  the logical place for  many of these 

people to live. We retain h e r e  a quality of l ife which i s  appreciably 

super ior  to New York with i ts  problems,  o r  Los Angeles with i ts  problems. 

Kansas City on the other hand is s t i l l  manageable. We have problems 

I business recognize this fact. People do too; they have been voting with the i r  

I feet by moving back to  this par t  of the country t o  obtain the life s tyles  

1 they want for themselves and the i r  children and to take advantage of i ts  

I central i ty  and open society. 



We h e r e  want to  e n s u r e  that the  r ea sons  they move back a r e  maintained 

and enhanced. You a t  th is  s e m i n a r  have a role  to  play in th is  s cheme  of 

things. Ju s t  how we handle the  b iomass  i s sue ,  how we balance i t  off 

aga ins t  expor t s  o r  feed g ra in s  will  be quite important .  

You have a responsibi l i ty  t o  both. Today and tomor row you must  

a s  councilman McSheehan, of San Fsanciscn, remonstrated  hi^ col lcagucs  

in  thc  cnrly  1300a, "Gr*a . l~  !.he bull by the ta i l  and look the issue squa re ly  

In the face. " 



BIOMASS POTENTIAL FROM AGRICULTURAL PRODUCTION 

W. R. Benson 

Midwest Research Institute 

Estimates of the potential quantity of biomass from agricultural 
production of grain,and grass crops have been developed from the analysis of 
a specially constructed data base. 

The inventory of land contained in.the data base. used for the anal- 
ysis is based on the Conservation Needs Inventory of 1967. Crop production 
figures for the years 1971, 1972, and 1973 provided by individual states are 
averaged for those 3 years. 

For some states, however, the information was not readily available, / 

so, the 1967 census of agriculture was used. 

The estimates of currently available biomass are derived using cur- 
rent cultural practices as reflected in current crop production figures. 

The basis for our data is a county-by-county inventory of crops 
and also a. co~.tnty-by-county inventory of land-use patterns. Howcvcr, to 
present our analysis results on the basis of the more than 3,000 counties 
in the United States would be somewhat voluminous, and therefore, the.land 
resource area is used as the unit for reporting. . Figure 1 depicts the land : 
resource areas of the United States as modified to conform with county bound- 
aries, as used in this analysis. 

One of the first questions to be answered was, what is the cur- 
rent production of biomass in the United States from grain and grass soqlrces. 
Based on the data in our data base, there are approximately 1,228,000,000 
tons of biomass from all grai.ns and grass resources in the united States, 
as shown in Figure 2. 

The food consumption of those grains and grasses comprises 19.4% 
of the total and is equivalent to about 239 million tons. The grain and grass 
type crops which are included in this study are planted on 206 million acres. 

The residue component of food crops comprises 24.4% of the total ' 
biomass and it similarly is planted on those same 206 million acres with a 
total yield of 299 million tons. Forages are planted on 49 million acres con- 
tributing 9.9% of the total biomass, or a total of 122 million tons. 



Figure 1 



DISTRIBUTION OF CURRENT U.S. BIOMASS PRODUCTION 
FROM GRAINS AND GRASSES BY CROP CATEGORY 

1228T 

CURRENT 
BIOMASS 

PROQUCTION, 
MILLIONS OF 

DRY TONS 

AIIGrains Food Residues Forages Grasses 
and Component from Food 
Grasses of Food Crops 

Crops 

PERCENT OF 
1 OTAL 

BIOMASS 
PRODUCTION 

Figure 2 



The l a r g e s t  c o n t r i b u t i o n  t o  t o t a l  biomass y i e l d  is  from t h e  g ra s se s .  

A 46.3% of a l l  t h e  biomass from g r a i n  and g r a s s  sources  is i n  t h e  form of 
p a s t u r e  and range g r a s s .  It i s  p l an t ed  on 760 m i l l i o n  ac re s .  This  a r e a  in -  
c ludes  t h e  land  r epo r t ed  i n  t h e  Conservat ion Needs Inventory a s  land i n  pas- 
t u r e  and land  i n  range g r a s s  and a l s o  a  f i g u r e  der ived  by MRI which repre-  
s e n t s  f e d e r a l  rangeland.  It i s  i n a p p r o p r i a t e  t o  exclude t h i s  very l a r g e  ex- 
panse of l and  which was no t  included i n  t h e  Conservat ion Needs Inventory.  
We developed a  method f o r  deri.ving the federal rangelands mathcmat.ically 
from t h e  Conservat ion Needs Inventory and o t h e r  d a t a  i n d i c a t i n g  t h e  a r e a  of 
each i n d i v i d u a l  county. The land-use p a t t e r n s  and land  c a p a b i l i t y  c l a s s e s  
f o r  f e d e r a l  rangeland a r e  assumed t o  have t h e  same d i s t r i b u t i o n  a s  f o r  
o t h e r  rangeland w i t h i n  t h e  same county. I f  t h e r e  was no rangeland i n  a 
given county, an ad j acen t  county o r  ad j acen t  I,M was tlsed t o  derive the dio- 
t r i b u ~ i u n .  

The a n a l y t i c a l  program f o r  performing t h e s e  ana lyses  wkre developed 
by D r .  Mjchael Davis of our s t a f f .  T h e  format f o r  p r e sen t ing  t h e  ana1.ysis 
r e s u l t s  a l s o  p rov ides  f o r  d i s p l a y i n g  t h e  parameters  of t h e  p a r t i c u l a r  a n a l y s i s .  
F igure  3 shows t h e  t o t a l  biomass a v a i l a b l e  from crop r e s i d u e s ,  f o r ages  and 
g ra s se s .  

Note t h a t  t h e  r e p o r t  d i s p l a y s  t h e  land r e sou rce  a r e a s  rank ordered 
and i n  t h i s  c a s e  on column 10 ,  t h e  average y i e l d  i n  t ons  pe r  a c r e  f o r  t h e  
p a r t i c u l a r  l and  r e sou rce  a r ea .  F igu re  3 i s  t h e  f i r s t  page of a  multi-page 
r e p o r t ;  a l l  156 land  r e sou rce  a r e a s  appear i n  a p p r o p r i a t e  rank o rde r  on 
subsequent pages.  The bottom l i n e  of t h e  r e p o r t  shows t o t a l s  fur t h e  en- 
t i r e  United S t a t e s  and t h e  s u b t o t a l  shows cumulat ive va lues .  

Note t h a t  t h e  h i g h e s t  average biomass yj.eld per  a c r e  i s  only 
2 .2  t ons  per  a c r e ,  q u i t e  d i f f e . r en t  from t h e  5 t o  20 t on  pe r  a c r e  y i e l d s  
a n t i c i p a t e d  from underexplo i ted  s p e c i e s .  

Four types  of c rops ,  a r e  provided f o r  i n  t h e  a n a l y s i s :  food 
c rops ,  fo rage  c rops ,  g r a s s  c rops  and new crops.  The food crops t h a t  a r e  
inc luded  a r e  Texas corn ,  corn ,  wheat, b a r l e y ,  r y e ,  o a t s ,  sorghum g r a i n ,  
soybeams, r i c e  s t r aw ,  hops,  sunflower,  s a f f l ower ,  and peanut hay. 

The fo rage  c rops  inc luded  a r e :  corn  s i l a g e ,  corn green chop, 
sorghum s i l a g e ,  sorghum hay, sorghum grazed,  a l f a l f a  hay,  c l o v e r ,  timothy 

. a n d  mix tures ,  sma l l  g r a i n  hay, o t h e r  hay, g r a s s  s i l a g e ,  end green chop hay. 
The g r a s s e s  inc luded  p a s t u r e  g r a s s ,  range g r a s s  and f e d e r a l  range g ra s s .  
The f i v e  new crops t h a t  a r e  a l s o  p a r t  of t h e  d a t a  base  i nc lude  kenaf ,  g i a n t  
r e e d ,  c a t t a i l s ,  guayule ,  and guayule/mariol.a. 

It  is  of i n t e r e s t  t o  examine each of t h e s e  components i n d i v i d u a l l y .  
Curren t  r e s idues  from food c rops  a n a l y s i s  i s  shown i n  F igu re  4 .  Note t h a t  
t h e  h i g h e s t  r e s i d u e  d e n s i t y  is  2 . 4  t ons  per  a c r e .  That f i g u r e  is t h e  aver- 
age f o r  a l l  c rops  grown i n  t h e  p a r t i c u l a r  land r e sou rce  a r e a .  This  i s  n o t  
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Figure 4 



t o  say  t h a t  t h e r e  a r e  n o t  h igher  y i e l d s  w i t h i n  a  given LRA. The d e n s i t y  of 

biomass y i e l d  is  an  i n d i r e c t  measure of t h e  economics of c o l l e c t i o n  and t h e  
a v a i l a b i l i t y  of biomass sou rces  w i t h i n  t h a t  land r e sou rce  a r e a .  

The geographic  d i s t r i b u t i o n  of biomass is  shown i n  F igure  5." The 
h ighe r  d e n s i t i e s  a r e  i n  t h e  corn b e l t  and t h e  C a l i f o r n i a  v a l l e y  reg ion .  

The a n a l y s i s  f o r  hiomass from fo rages  shows much h ighe r  y i e l d  
d e n s i t i e s  f o r  t h e  fo rages  than f o r  r e s i d u e s  w i t h  y i e l d s  running up t o  aver- 
ages  of 6  t ons  pe r  a c r e ,  s e e  F igure  6. Of course ,  t h e  t o t a l  y i e l d s  a r e  much 
sma l l e r  than  f o r  r e s i d u e s  because fewer a c r e s  a r e  p lan ted .  The geographic  
d i s t r i b u t i o n  of fo rage  y i e l d  d e n s i t i e s  a r e  shown i n  F igure  7.* Many of t h e s e  
fo rages  a r e  produced under cond i t i ons  of i r r i g a t i o n .  

The a n a l y s i s  f o r  biomass from g r a s s e s  is shown i n  F l g u i e  0. Note 
t h a t  t h e  y i e l d  d e n s i t i e s  of g r a s s e s  a r e  very  low. The b e s t  LRA's y i e l d  
l e s s  than  2 t ons  per  a c r e .  The average y i e l d  f o r  t h e  e n t i r e  United S t a t e s  
i s  approximately 314 ton  pe r  a c r e .  

Data a r e  no t  r e a d i l y  a v a i l a b l e  f o r  y i e l d s  of g r a s s e s ;  y i e l d s  
f o r  g r a s s e s  were der ived .  The COA y i e l d  f o r  "other  hay" on crop land  i n  
each county was reduced 'by  0.25 f o r  pa s tu re l and  and by 0.5,  f o r  rangeland 
and en t e r ed  i n t o  t h e  d a t a  base a s  t h e  p ro j ec t ed  y i e l d  f o r  biomass from 
g r a s s  sources .  

The geographic d i s t r i b u t i o n  of g r a s s  i s  shown on t h e  map of 
F igure  9.J.' Those LRA's i n  which t h e  average biomass dens i ty .  is  1-112 tons  
per  a c r e  o r  g r e a t e r  a r e  of p a r t i c u l a r  i n t e r e s t .  With t h i s  d e n s i t y  i n  con- 
t iguous  a c r e s ,  a  c o l l e c t i o n  r a d i u s  of 10  m i l e s  would be  r equ i r ed  t o  suppor t  
a  41 megawatt power p l a n t  f i r e d  w i t h  100% biomass f u e l ,  assuming a  hea t  
va lue  f o r  t h e  biomass of 16  m i l l i o n  Btu ' s  pe r  t on ,  and a  h e a t  r a t e  f o r  t h e  
p l a n t  of 13,500 Btu/kw-hr. 

The c o n t r i b u t i o n  t h e  r e s i d u e  of v a r i o u s  food c rops  t o  t h e  biomass 
y i e l d  i s  shown i n  Figure. 10. The width of t h e  b a r  shows t h e  r e l a t i v e  
d e n s i t y  of average r e s i d u e  y i e l d ,  and t h e  he igh t  r e f l e c t s  t h e  t o t a l  number 
of a c r e s  p l an t ed .  Therefore ,  t h e  a r e a  of each b a r  of t h e  his togram shows 
t h e  c o n t r i b u t i o n  of t h a t  crop t o  t o t a l  biomass based on c u r r e n t  p roduct ion  
f i g u r e s .  Note t h a t  corn makes t h e  major c o n t r i b u t i o n  w i t h  156 tons  of bio- 
mass m a t e r i a l  p l an t ed  i n  61 m i l l i o n  a c r e s .  Wheat and soybeans,  a r e  t he  next  
two major c o n t r i b u t i o n  c rops ,  w i th  sorghum, o a t s  and b a r l e y  and o t h e r s  making 
l e s s e r  con t r ibu t ions .  

The f i g u r e s  a t  t h e  top  of each b a r  show t h e  range of average 
d e n s i t i e s  by LRA which were determined by t h e  a n a l y s i s .  

* Figures  5 ,  7 ,  and 9 no t  included.  



E S T I M A T E D  ANNUAL B I O M A S S  P R O D U C T I O N  FROM G R A I N S  A N 1  G F A S S E S  
FOR L A N D  RESOURCE ARECS . ( .LRA) ,  RANK ORDERED 'ON COLi lMN 10 i2F T r l I  S REPORT 

S C t N A R i O  T I T L E :  CUK?ENT FORAGES 

F C O D  CROPS I N C L U D E D :  
L A N D  T ' rPES:  

FORAGE CROFS I N C L U D E D :  COG5 COEG SORS SORH SRGG A L F A  CLOV 3 H A L  OTER GRSS GREN 
L A N D  T Y P E S :  C G R S  CORG SORS S 0 RH SR G G C L F A  C L O V  

SMAL OTHR GRSS G ?EN 
GRASS CROPS I N C L U D E D :  

L A N D  TYPES:  

NEW CROPS I N C L U D E D :  
L A N D  TYPES:. 

1 2 3 4 3 6 7 8 9 10 
- 

L 8 A  NO. T O T A L  F030 CROP FOOD CROP FORAGE C k O P  GRASS CROP NEW C.FOP T O T A L  'B IOMASS b V E R b G F  
AREA T O T A L  RES l DUE Y I E L D  Y I E L D  Y I E L C  B I O M A S S  PRODUCTIOb l  B I O Y A S S  

' Y I E L D '  Y I E L D  Y I E L D  AREA PF.O@UCT I O N  
T @ N S / A C R E  

S U B T O T A L  158853. 0 .  0. 7952. 0. 0. 7952. 1602. 

TOTALS 18954.18. 0. 0. 121721. 0. 0. 121721. 50074. 

Figure 6 
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E S T I M A T E D  ANNUAL B I O M A S S  PRoCUCTIDN FROM GRAINS AND GRASSES 
FOR LAND RESOURCE AREAS ( L R A ) ,  RANK ORDERED ON COLUMN 10 O F  T H I S  REPORT 

SCENARIO T I T L E :  CURhENT GRASSES 

FOOD CROPS I NCL UDED: 
L A N D  TYPES:  

FORAGE CROPS INCLUDED:  
L A N D  TYPES:  

GRASS CROPS INCLUDED:  PAST RNGE FRNG 
L A N D  TYPES:  PAST RNGE FRNG 

NEW CROPS INCLUDED:  
L A N D  TYPES:'  

( A R E A S  ARE I N  THOUSANDS OF ACRES. AND Y I E L D S  ARE I N  THOUSANDS OF A I R - D R I E D  TONS) 

3 4 5 6 7 8 9 1 0  
FOOD CROP FOOD CROP FORAGE CROP GRASS CROP NEW CR2P T O T A L  B I O M A S S  AVERAGE 

TOTAL R E S I D U E  Y I E L O  Y I E L D  Y I E L D  B I O M A S S  P R O D U C T I O N  B I O M A S S  
Y I E L D  Y I E L D  Y I E L D  A l i E A  PRODUCT ION 

TONS/ACRE 

Figure 8 
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F i g u r e  11 shows c u r r e n t  U.S. f o r a g e  c rop  y i e l d s .  Note t h a t  o n l y  
49  m i l l i o n  a c r e s  a r e  p l a n t e d  i n  f o r a g e s  f o r  t h e  e n t i r e  Uni ted S t a t e s .  The 
y i e l d s  f o r  f o r a g e s  a r e  c o n s i d e r a b l y  g r e a t e r  t h a n  f o r  c rop  r e s i d u e s ,  w i t h  
some y i e l d s  b e i n g  n e a r l y  .l.0 t o n s  p e r  a c r e .  

Because of problems of e r o s i o n  c o n t r o l ,  n o t  a l l  r e s i d u e  can be  
removed from the  l a n d .  I n  r e c o g n i t i o n  of t h i s  problem we a p p l i e d  a n  80% 
f a c t o r  t o  t h e  i n d i c a t e d  y i e l d s  of food c r o p s  f o r  t h e  n e x t  a n a l y s i s ,  shown 
i n  F i g u r e  1 2 ,  e n t i t l e d  r e s i d u e s  and s p o i l e d  f o r a g e s .  I n  t h i s  a n a l y s i s  80% 
of t h e  r e s i d u e s  a r e  i n c l u d e d .  Approximately 10% of  t h e  f o r a g e s  produced 
a r c  s p o i l e d  and ,  t h e r e f o r e ,  u n s u i t a b l e  f o r  u s e  a s  f e e d ,  and a r e  i n c l u d e d  
i n  t h i s  a n a l y s i s  a s  biomass.  Grass c r o p  y i e l d s  a r e  n o t  i n c l u d e d  i n  t h i s  
a n a l y s i s ,  due t o  t h e  low d e n s i t y  of g r a s s  c r o p s ,  and t h e  l i k e l y  h i g h  c o s t  
n f  h a r v e s t i n g  o f  g r a s s .  It may be  t h a t  g r a s s  h a s  a h i g h  p o t e n t i a l  f o r  con- 
t r i b u t i n g  l a r g e  q u a n t i t i e s  o f  biomass,  g iven  t h a t  i t  can b e  e c o n o m i c a l l y .  
h a r e v e s t e d .  

I f  c r o p s  w i t h  h i g h e r  y i e l d s  cou ld  be  p l a n t e d  on t h e s e  g r a s s l a n d s ;  
t h e  economics of h a r v e s t i n g  and c o l l e c t i n g  a  biomass might b e  more f a v o r a b l e .  
I n  t h i s  n e x t  a n a l y s i s  10% of t h e  r a n g e l a n d ' i s  p l a n t e d  i n  new c r o p s .  The 
new c r o p s  i n c l u d e d  a r e  k e n a f ,  g i a n t  r e e d ,  c a t t a i l ,  guayu le ,  and a h y b r i d  of 
guayule  w i t h  m a r i o l a .  The l a n d ,  however, is  a s s i g n e d  by l a n d  c a p a b i l i t y  
c l a s s  l a n d  u s e  c a t e g o r y  combinat ions  as shown i n  F i g u r e  13.  

Each n e w  cr ,up i s  p l a n t e d  I n  tho3c  LRA'G whera i t  can be a d a p t e d .  
The t o t a l  biomass p r o d u c t i o n  f o r  t h i s  a n a l y s i s  i s  shown i n  column 8 a s  484 
m i l l i o n  t o n s .  The a n a l y s i s  r e s u l t s  a r e  shown g r a p h i c a l l y  i n  F i g u r e  14.  

Another s c e n a r i o  was developed which assumed a  d i f f e r e n t  f e e d i n g  
regimen f o r  c a t t l e  such t h a t  t h e y  would be  f e d  a  l o n g e r  p e r i o d  on g r a s s .  
T h i s  concep t  would reduce t h e  number o f  a c r e s  t h a t  a r e  devoted t o  produc- 
i n g  g r a i n  t o  f e e d  c a t t l e ,  opening t h e  p o s s i b i l i t y  of c o n v e r t i n g  t h o s e  
a c r e s  t o  t h e  p r o d u c t i o n  of biomass. I n  one such  s c e n a r i o  no g r a i n  is  f e d  
t o  c a t t l e  under 700 l b .  The v a c a t e d  c r o p l a n d s  a r e  p l a n t e d  i n  t h e  h i g h e s t  
y i e l d  c rop  f o r  each LRA. T h i s  biomass is  combined w i t h  t h e  reamining c rop  
r e s i d u e s ,  s p o i l e d  f o r a g e s ,  and new c r o p s  on 10% of  t h e  m a r g i n a l  l a n d s .  T h i s  
s c e n a r i o  h a s  a  biomass y i e l d  p o t e n t i a l  o f  523 m i l l i o n  a i r  d r y  t o n s ,  d i s -  
t r i b u t e d  a s  shown i n  F i g u r e  15.  

The n e x t  s c e n a r i o ,  c o n s i d e r e d  i s  t o  reduce  t h e  g r a i n  f e d  t o  c a t t l e  
t o  o n l y  t h o s e  under 900 l b .  It prov ided  a  f u r t h e r  r e d u c t i o n  on t h e  amount 
o f  g r a i n  f e d  t o  c a t t l e  and a n  a d d i t i o n a l  v a c a t i o n  of c rop land  t o  be  p l a n t e d  
i n  a  h i g h  y i e l d  crop.  The a n a l y s i s  program s e l e c t e d  t h e  c rop  hav ing  t h e  
h i g h e s t  y i e l d  f o r  each LRA and p l a n t e d  i t  on t h e  c r o p l a n d s  v a c a t e d  i n  t h e  
LRA. T h i s  s c e n a r i o  is a  p o t e n t i a l  y i e l d  o f  569 m i l l i o n  t o n s .  See F i g u r e  16.  
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SCENARI 0: RESIDUES AND SPOILED FORAGES 
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Figure 12 
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kS7 I  MATE^ ANNUAL BIOMASS PK3LUCTION FROM 6RAI ?is AN0 GRP SSES 
FC;R LAND RESOURCE AREAS (LRAI ,  7A14k' ORDERED Oh' COLUqN 10 OF lr11 S RE'ORT 

SCZhARIO T ITLE:  RESIOUESV 3P3 I  LEG FORAGES AN0 :VEW ZRUPS 

FOOD CROPS INCLUDED: TCOR CORN HH:A EARL RYE OATS SgRG S3Y GICS HOP; SUhF SbF PFAH 
LAND TYPES: 0.80 TiOR 0.80 COkN 0.80 NHEA 0.80 84RL 0.80 RYE 0.80 OAT'S 0.80 S3FG 

0.80 SOY 0.8C RICS 0.80 HDJS 0.80 SUNF 0.80 SAF 0 - 8 0  PEAH 
FORAGE CRJPS IhCLUDED: CORS CORG SORS SORH SORG ALFA CLOV SMAL OTHR GR'S GREN 
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GRASS CR3PS INCLUDED: 
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LAN0 TYPES': 
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18 19 2 1  2 2  23 2 5  
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18  1 9  2 1  2 2  i 3  2 5  
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Figure 13 



BIOMASS AVAl LAB! LITY DlSTWIBUBIBN 
SCENARIO: RESIDUES, SPOILED FORAGES AND NEW CROPS O N  - 10% GRASSLAND 

BIOMASS 
PRODUCTION 
AREA, 
MILLIONS 
OF ACRES 

V 

FOOD RESIDUES FORAGES GRASSES NEW CROPS 

239 + 12 + O  + 233 = 484 Mil Tons 

Figure 14 



BIOMASS AVAILABILITY DISTRIBUTION 
SCENARIO: LIMIT GRA N FED TO CATTLE TO THOSE OVER 700 LBS 

I 

BIOMASS 
PRODUCTION 
AREA, 
MILLIONS 
OF ACRES 

" FOOD RESIDUES FORAGES GRASSES NIEL!' 'CROPS 

320 + 12 + O  + 282 = 523 Mil Tons 

F i g u r e  '15 



BIOMASS AVAILABILITY DISTRIBUTION 
SCENARIO: LIMIT GRAIN FED T.0 CATTLE TO THOSE OVER 900 LBS 

BIOMASS 
PRODUCTION 
AREA, 
MILLIONS 
OF ACRES 

222 + 12 + O  + 335 = 569 Mi l Tons 

Figure 16 



A t h i r d  s c e n a r i o  r e l a t e s  t o  t h e  f e e d i n g  of g r a i n  t o  no c a t t l e  
under  900 l b  o r  o v e r  1 ,100 l b .  The y i e l d  p o t e n t i a l  i s  f u r t h e r  i n c r e a s e d  
t o  579 m i l l i o n  t o n s ,  s e e  F i g u r e  17.  

Another approach t o  p r o v i d i n g  a d d i t i o n a l  l a n d s  f o r  biomass pro- 
d u c t i o n  is  t o  c o n s i d e r  a l t e r n a t i v e s  t o  t h e  e x p o r t i n g  of g r a i n .  For ex- 
ample,  s i n c e  t h e  U.S. e x p o r t s  hO%'of i t s  wheat ,  r ange  numbers of a c r e s  a r e  
devoted t o  wheat f o r  e x p o r t .  I f  a  n a t i o n a l  p o l i c y  d e c i s i o n  were made t o  
reduce  t h o s e ' e x p o r t s ,  a d d i t i o n a l .  l a n d s  would be  a v a i l a b l e  f o r  t h e  p roduc t ion  
of biomass.  One such s c e n a r i o  i s  t o  reduce  c u r r e n t  e x p o r t s  by 25%. The 
biomass y i e l d  p o t e n t i a l  i s  i n c r e a s e d  t o  over  600 m i l l i o n  t o n s  p e r  y e a r ,  a s  
shown i n  F i g u r e  18.  

I f  e x p o r t s  were  reduced by. 50% t h e  p o t e n t i a l  y i e l d  inrreascs t o  724 
i n i l i l o n  t o n s ,  s e e  F i g u r e  19. .Sf i t  were p o s s i b l e  t o  e l i m i n a t e  a l l  e x p o r t s  of 
g r a i n  t h e  p o t e n t i a l  biomass y i e l d  would be  778 m i l l i o n  t o n s  a n n u a l l y ,  s e e  
F i g u r e  20. 

We are rlot s u g g e s t i n g  t h a t  any one of t h e s e  s c e n a r i o s  i s  nec- 
e s s a r i l y  f e a s i b l e .  They a r e  i n t e n d e d  t o  i l l u s t r a t e  p o s s i b i l i t i e s  f o r  o t h e r  
l a n d  use  s c e n a r i o s  f a v o r i n g  biomass p roduc t ion .  

The biomass p o t e n t i a l  from g r a i n s  and g r a s s  s o u r c e s  under s e l e c t e d  
l a n d  use  s c e n a r i o s  i s  sl~mmarized i n  F i g u r e  21. These e s t i m a t e s  can  be  ex- 
p r e s s e d  i n  m i l l i o n s  of a i r  d r y  t o n s  p e r  y e a r ,  and a l s o  a s  p o t e n t i a l .  energy ,  
I n  q u a d r i l l i o n  B t u ' s  p e r  y e a r .  Cons ider ing  o n l y  80% of t h e  r e s i d u e s  and 
t h e  s p o i l e d  f o r a g e s ,  t h e r e  i s  a b i o m ~ s s  a v a i l a b i l i t y  oE 252 m i l l i o n  a i r  
d r i e d  tons w i t h  an energy p o t e n t i a l  o f  f~ q u a d r i l l i o n  B t u ' s .  To p u t  t h a t  i n  
p e r s p e c t i v e ,  t h e  t o t a l  n u c l e a r  power i n d u s t r y  w i t h  45 p l a n t s  on s t ream,  more 
o r  l e s s ,  i s  c u r r e n t l y  producing somewhat l e s s  t h a n  2 q u a d r i l l i o n  B t u ' s  of energy.  

I f  new c r o p s  on 10% of the m a r g i n a l  l a n d s  a r e  added t o  r e s i d u e s  and 
s p o i l e d  f o r a g e s ,  t h e  biomass p o t e n t i a l .  j..s i n c r e a s e d  t o  484 mil.l,ion t o n s  o r  7.7 
quad. L i m i t i n g  the  amount of g r a i n  f ~ r l  tn  animals, hac t hc  potential f o r  in 
c r e a s i n g  t h a t  p o t e n t i a l  biomass energy a v a i l a b i l i t y  t o  8.4 quad, 9 . 1  and 9 . 3  
quad, r e s p e c t i v e l y  f o r  t h o s e  s c e n a r i o s .  

Reducing g r a i n  e x p o r t s ,  h a s  an  even g r e a t e r  p o t e n t i a l  t o  in -  
c r e a s e  t h e  a v a i l a b i l i t y  of biomass.  I f  g r a i n  e x p o r t s  a r e  reduced 25% a s  
a i r  independent  s c e n a r i o ,  t h e  energy a v a i l a b l e  from biomass would be  9 . 6  
q u a d r i l l i o n  B t u ' s .  E l i m i n a t i o n  of a l l  g r a i n  e x p o r t s  could  p r o v i d e  15 
q u a d r i l l i o n  Btu ' s .  The e n t i r e  Uni ted S t a t e s  u t i l i z e s  approx imate ly  78 
t o  80 q u a d r i l l i o n  B t u ' s  a n n u a l l y  f o r  a l l  energy  requ i rements .  



BIOMASS AVAILABILITY DISTRIBUTION 
SCENARIO: LIMIT GRAIN FED TO CATTLE TO THOSE GREATER THAN 900LBS 

BUT LESS THAN 1100 LBS 

BIOMASS ,. 

PRODUCTION 
AREA, 
MILLIONS 
OF ACRES 

FOOD RESIDUES FORAGES GRASSES NEW CROPS 

219 + 12 + O  + 347 = 579 Mil Tons 

Figure 17 



BIOMASS AVAILABILITY DISTRIBUTION 
SCENARIO: REDUCE GRAIN EXPORTS 25% 
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Figure :  18 
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BIOMASS AVAILABILITY DISTRIBUTION 
SCENARIO: REDUCE GRAIN EXPORT 50% 

BIOMASS 
PRODUCTION 
AREA, 
MILLIONS 
OF ACRES 

206 + 12 + O  + 506 = 724 Mil Tons 

Figure 19 



BIOMASS AVAlLABIhITY DISTRIBUTION 
SCENARIO: !REDUCE GRAIN EXPORTS 100% 

BIOMASS 
PRODUCTION 
AREA, 
MILLIONS 
OF ACRES 

" FOOD RESIDUES FORAGES GRASSES NE'iJ CROPS 

170 + 12 + O  + 778 = 960'~i l Tons 

F i g u r e  20 
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Potential Biomass Availability 
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Scenario 

1. Residues, Including Spoiled Forages 
2. Residues, New Crops on 10% Marginal Land 
3. Only Feed Grain to Cattle >700 Ibs 
4. Only Feed Grain to Cattle >900 Ibs 
5. Only Feed Grain to Cattle >900 < 1 PO0 Ibs 
6. Reduce Grain Exports 25 % 
7. Reduce Grain Exports 50% 
8. Reduce Grain Exports 100% 

A. Add Reduce Grain Exports 25% Scenario 
to Only Feed Grain to Cattle >PO0 Ibs 
Scenario. 

B. Increase New Crops on Marginal Land1 
to 25% 

C. Increase New Crops on Marginal Land 
to 50%. 
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Mill ions o f  
Air  Dry Tons 
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+I35 
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If the reduced grain exports by 25% scenario were added to the 
only feed grain to cattle over 900 lb scenario, another 135 million tons 
of biomass is added with the potential of an additional 2.1 quadrillion 
Btu of energy. 

If it could be technically, and economically feasible to increase 
the utilization of marginal lands to bring 25% or our current rangeland into 
new crop production, an additional 5.6 quadrillion Btu's could be added 
to the energy potential from biomass. While probably not feasible, i.f 50% 
of the rangeland in the United States could be brought into new crop pro- 
duction, almost 15 quad of energy could be produced. 

'I'l~r p u L e l ~ L l d l  d ' v ~ ~ l l ~ ~ [ l l l l L ~  ~i L10~ii11689 f f t r ~  g ~ d i l i  dfid R'L.833 38UPCC3 

hso been clearly demonstrated. What remains to be done, is to investigate 
thoroughtly the economic and technical feasibility of making large quantities 
of biomass available to a conversion plant site. The feasibility of alter- 
native conversion processes also has yet to be demonstrated. 



A CASE STUDY OF BIOMASS FARM MANAGEMENT 

R. C. Mathews, D i r ec to r  Product ion,  
Farm and Ranch Management Div is ion  

Doane A g r i c u l t u r a l  Se rv i ce ,  Inc .  

A t  Doane A g r i c u l t u r a l  Serv ice ,  w e  have been working on t h e  Biomass 
Farm Management p r o j e c t  s e v e r a l  weeks and we haven ' t  got  a l l  t h e  answers by 
any means. This  d i s cus s ion  i s  more i n  t h e  l i n e  of a  p rogress  r e p o r t  r a t h e r  
than a  f i n a l ,  conc lus ive  r e p o r t .  

Cur ren t ly ,  w e  a r e  looking a t  t h e  use  o r  product inn of bioms~o from 
the  standpulnl: of a p r a c t i c a l  farm ope ra t i on  i n  o rde r  t o  determine t h e  f i -  
nanc i a l  r e t u r n s  and p o s s i b i l i t y  of producing biomass i n  competi t ion w i t h  
o the r  crops.  I n  doing t h i s ,  we f i r s t  s e l e c t e d ,  wi th  t h e  he lp  of M R I ,  t h r e e  
farms. We had one farm i n  Kansas, one i n  Iowa and one i n  Mis s i s s ipp i .  These 
t h r ee  farms were t o  be used f o r  our  a n a l y s i s .  ' 

The Kansas farm i s  about a 3,600-acre wheat farm. Some sorghum i s  
a l s o  grown t h e r e .  There is  no i r r i g a t i o n  of any s i g n i f i c a n c e  t h e r e .  

The M i s s i s s i p p i  farm is  approximately 1,500 a c r e s .  I t ' s  land  is  
devoted t o  co t ton ,  soybeans and pas tu re .  

The t h i r d  farm, and t h e  one t h a t  w e  a r e  p r i m a r i l y  concerned wi th  
i n  t h i s  r e p o r t ,  is  i n  Iowa. Actua l ly ,  t h e r e  a r e  t h r e e  p a r c e l s  t o  t h e  farm. 
The t o t a l  acreage i s  1,039 a c r e s  and t h e  u n i t s  a r e  no t  cont iguous.  They 
a r e  spread about 10 mi l e s  a p a r t .  One of t h e  p a r c e l s  of t h e  Iowa farm is 
about 10  m i l e s  from Ottumwa and t h e  o t h e r  two p a r c e l s  a r e  about 11 m i l e s  
from F a i r f i e l d .  A l l  t h r e e  a r e  i n  sou theas t  Iowa. 

These t h r e e  p a r c e l s  of l and  a r e  c u r r e n t l y  being opera ted  on a  
g r a i n  sha re  ope ra t i on .  The ope ra to r  is  a c t u a l l y  r e n t i n g  t h e  farms. How- 
ever ,  we a r e  approaching t h e  a n a l y s i s  from t h e  t o t a l  farm s t andpo in t .  The 
ope ra to r  has  normally been devot ing 50% of h i s  l and  t o  corn and .50% of h i s  
land t o  soybeans. He has  a l s o  r a i s e d  a  smal l  amount of o a t s  and a  l i t t l e  
hay. 

The Iowa farmer has  fou r  t r a c t o r s .  One of them i s  a  275 horse- 
power 4-wheel d r i v e  John Deere. H e  has  125 horsepower and 295 horsepower 
t r a c t o r s ,  30 f o o t  ' o f f s e t  d i s c ,  one 7700 John Deere combine. He's a good 
John Deere man and he i s  s t u c k  wi th  t h e  John Deere equipment. Normally, 
one wouid tliinlc wi th  t h i s  horsepower l i neup  t h a t  h e ' s  a l i t t l e  overpowered, 
but  t h i s  i s  t h e  u sua l  r a t h e r  than t h e  unusual nowadays. 

Now, from t h e  l abo r  s t andpo in t ,  he  has  h i s  w i f e ,  two daughters ,  
son-in-law and par t - t ime h i r e d  man, s o  he  has  a  l o t  of he lp  t he re .  The 
wi'fe and daughters  w i l l  work when i t ' s  necessary .  The son-in-law, t h e  
par t - t ime h i r e d  man and t h e  ope ra to r  do t h e  bulk of t h e  work. 



The s o i l s  on t h i s  farm a r e  b a s i c a l l y  Grundy Haig a s  w e l l  a s  a  
few o t h e r  s o i l  t y p e s .  It h a s  Kola,  A r i s p e ,  Rinda P e r s h i n g  and.Armstrong 
s o i l s .  A c t u a l l y  a s  i t ' s  c l a s s e d  by t h e  F e d e r a l  Government, t h e r e  a r e  no 
C l a s s  I s o i l s  on t h i s  far~u.  There  a r e  C l a s s  1 1 , s o i l s  on t h e  l e v e l  upland,  
which would b e  Grundy and Haig s o i l s .  Haig s o i l s  a r e  t h e  more l e v e l .  The 
Haig s o i l s  t e n d  t o  b e  a  l i t t l e  on t h e  w e t  s i d e ,  which o c c a s i o n a l l y  c a u s e s  
problems. 

The Grundy s o i l  i s  on t h e  s l o p e .  Some of the oL11e~ s u i l s  arc 
C l a s s  I11 and I V  s o i l s .  The s l o p e s  a r e  f a i r l y  s h a r p  h e r e  and t h e  farmer  is  
farming some on t h e  c o n t o u r ,  s o  he  i s  u s i n g  some s o i l  c o n s e r v a t i o n  measures.  
He h a s  even done some t e r r a c i n g  on t h e s e  s l o p e s .  

Thp f a r m e r  i n  t h i s  c a s e  does  n o t  d i f f e r e n t i a t e  between s o i l  types .  
He farms i t  a l l .  Keeping s o i l  l o s s e s  down t o  5 t o n s  u r  l e s s  per acVC pcr 
y e a r  i s  an  i m p o s s i b i l i t y  on t h i s  farm t h e  way t h e  o p e r a t o r  i s  farming i t .  
We r a n  some a n a l y s e s  and we determined h e  might be a b l e  t o  keep s o i l  l o s s e s  
down t o  20 o r  25 t o n s  p e r  a c r e  i f  h e  were c a r e f u l ,  b u t  r e a l i s t i c a l l y ,  t h e  
l o s s e s  a r e  p robab ly  i n  t h e ; r a n g e  of 30 o r  40 t o n s  p e r  a c r e  p e r  y e a r .  We 
have t o  look  a t  t h e  farm o p e r a t i o n  from t h e  s t a n d p o i n t  of what t h e  farmer  
w i l l  do today.  We can t a l k  abou t  t r y i n g  t o  keep s o i l  l n s s e s  down t o  5 t o n s  
p e r  a c r e ,  b u t  t h a t ' s  n o t  r e a l i s t i c  a s  most f a rmers  a r e n ' t  c o n t r o l l i n g  t h e i r  
l o s s e s  1.1nle.s~ t h e y  a r e  on a  s t r i c t l y  g r a s s  o p e r a t i o n .  

Now, l e t ' s  examine t h e  c l i m a t i c  d a t a .  Average r a i n f a l l  i n  south-  
e a s t  Iowa i s  a  l i t t l e  h i g h e r  t h a n  34-112 i n c h e s  p e r  y e a r  compared t o  about  
32 i n c h e s  p e r  y e a r  f o r  t h e  s t a t e .  Average monthly t empera tu res  f o r  south-  
e a s t  Iowa a r e  48 t o  5 1  d e g r e e s .  

I t ' s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  s t a t e  a s  a  whole h a s  l e s s  r a i n -  
f a l l .  than  s o u t h e a s t  Iowa, bu t  i n  s e v e r a l  months, May and June and August, 
t h e  s t a t e  h a s  more r a i n  t h a n  s o u t h e a s t  Iowa. Thesc s t a t i s t i c s  are  based 
on 30-year r e c o r d s .  

Our f i r s t  a n a l y s i s  on t h i s  Iowa farm i s  a  benchmark a n a l y s i s  
u s i n g  c u r r e n t  c rop  p r o d u c t i o n  and how i t  might r e l a t e  t o  biomass.  I n  o t h e r  
words, t h i s  a n a l y s i s  w i l l  de te rmine  t h e  p o s s i b l l i ~ y  of producing biomass from 
c u r r e n t  c r o p s .  T h i s  f i r s t  sLep g i v e s  u s  a  b a s e l i n e  t o  work from. I n  t h i s  
a n a l y s i s  we a r e  p r e p a r i n g  u n i t  budge t s  on each c rop  t h a t ' s  s u i t a b l e  f o r  b io-  
mass p roduc t ion ,  a s  w e l l  a s  on t h e  o t h e r  c r o p s  grown. These u n i t  budge t s  
a r e  t h e n  r u n  through a  l i n e a r  programming a n a l y s i s  t o  g e t  t h e  m i x t u r e  of c r o p s  
t h a t  w i l l  o p t i m i z e  b o t h  income and biomass y i e l d .  

So f a r  we have ana lyzed  t h e  c u r r e n t  c rops  ( c o r n ,  soybeans ,  and o a t s ) ,  
on t h e  Iowa farm. We have n o t  g o t t e n  into a n a l y z i n g  s p e c i a l i z e d  biomass c.rops. 

So, u s i n g  a  budget g e n e r a t o r ,  w e  i n p u t  a l l  t h e  items a s  they  e x i s t e d  
on t h e  farm. (Our p r i c e  l e v e l s  a r e  b a s i c a l l y  l a s t  q u a r t e r  o r  c u r r e n t  p r i c e  

I 

l e v e l s . )  We made about  17 d i f f e r e n t  budge t s  all.  t o g e t h e r .  One group of 
budge t s  was made f o r  c o n v e n t i o n a l  farming and one group was made f o r  b a s i c a l l y  
c o n v e n t i o n a l  farming u t i l i z i n g  t h e  r e s i d u e  f o r  biomass. The t h i r d  was u s i n g  
c r o p s  e n t i r e l y  f o r  biomass.  And t h e  b a s i c  r e s u l t s  were a s  fo l lows :  



On the normal cropping program the soybeans came in as the most 
profitable crop under this particular set of conditions. The net return of 
land, labor and management on the 783 acres of tillable land was $124,000. 

On the normal cropping system plus using the crop residues, we 
approached it from the standpoint that we could use 33%, 67% or 100% of 
the biomass'recovery and we changed the amount of fertilizer required to 
what we hoped would offset the loss of the residue. But on the normal 
plus biomass, the corn, using a processed yield of loo%, returned the greatest 
amount. Net return to land, labor and management there was $156,000, which 
is larger by about $30,000 than the normal cropping program. So if our as- 
sumptions on productivity are correct, which they probably aren't, we could 
say the farmer would make $30,000 more a year, roughly, by selling all his 
residue as biomass. 

Next we considered biomass production alone. Soybeans when analyzed 
for biomass production alone resulted in a net loss of income. Because of 
the low volume of biomass production, sale of soybeans for biomass don't meet the 
cost of production even when soybean grain was figured in the total production. 
So soybeans have no place in biomass production. 

Since soybeans weren't profitable for biomass production alone, we 
next looked at corn. Corn was assumed to be mature corn, the growth was 
complete. Operating under these assumption, the cords net returns came out 
a hundred eleven or a hundred twelve thousand dollars. Thus, corn for bio- 
mass production alone wouldn't compete with the current sale of corn or soy- 
beans under the price situation that we employed there. 

It might be interesting to note that on corn for biomass only, the 
unit budget showed a return of $143 an acre and soybeans for biomass only was 
negative $27.75 an acre. Oats for biomass had a positive $30 return per acre. 

We have several more analyses to make to arrive at better answers. 
One of the things we are going to have to do is to break down the land class 
into more groups. The farmer actually.farmed it as one unit and he didn't 
vary the fertilizer or anything from one area to another. And while this 
practice is common to most farmers, from an analysis standpoint we need to 
differentiate between the soil types. This will be one of the things which 
we will do in subsequent analyses. 

Another analysis we need to make is to.refine the effect on soil 
productivity from the removal of biomass. This is one of the things that 
is critical to a good analysis of biomass potential and yet is very difficult 
to arrive at. 

Another item demanding further attention is the transportation of 
biomass. Thus far we charged transportation in at two' dollars and a half a 
ton, which is equivalent to hay hauling charges in that area. We felt this 
was fair at that point in time. However, we are going to have to look at 
that again to refine these cost figures. 

Harvesting biomass was considered from the standpoint of four 
different systems. These four systems were the small baler, the large 



round b a l e r ,  t h e  3 t o n  s t a c k e r  and a  chopper f o r  s t r a i g h t  biomass.  The 
c o s t  between t h e  s t a c k e r  and t h e  l a r g e  b a l e r  was i n s i g n i f i c a n t ,  i t  was 2 
c e n t s  d i f f e r e n c e  i n  t h e  budge t .  So i t  looked t o  us  l i k e  i t ' s  a  toss-up 
between which of t h e  two systems t o  u s e .  There  i s  some d i f f e r e n c e  i n  c o s t  
between t h e  s m a l l  b a l e r  and t h e  chopper .  However, t h e r e  a r e  some new de- 
velopments i n  machinery which could  change t h e s e  c o s t  e s t i m a t e s ,  s o  we w i l l  
have t o  look f u r t h e r  i n t o  t h e  c o s t  of h a r v e s t i n g  biomass.  

Then, of c o u r s e ,  we w i l l  have t o  look  i n t o  some of t h e s e  e x o t i c  
c r o p s ,  l i k e  k e n a f ,  t h a t  may be  s u i t a b l e  f o r  biomass p roduc t ion .  Not t o o  
many of t h e s e  e x o t i c  c r o p s  a r e  s u i t a b l e  f o r  Iowa, b u t  i n  some of t h e  o t h e r  
nrcos they may be more s u i t a b l e .  

The u~lllza~lou uf  refuse seruls feasible. U l l t i l  t h e  v a l u e  of 
bi.omass exceeds  t h e  v a l u e  of g r a i n ,  biomass p r o d u c t i o n  is  n o t  f e a s i b l e .  
So when we have c o r n  a t  two d o l l a r s  and a  q u a r t e r  a  bushe l .  i t  t a k e s  p re -  
cedence over  $40 a  t o n  biomass,  which i s  t h e  v a l u e  o f  biomass t h a t  we used 
i n  t h e s e  c a l c u l a t i o n s .  I n  a d d i t i o n ,  t h e  removal of biomass i s  n o t  f e a s i b l e  
u n l e s s  t h e  v a l u e  of t h e  crop removed exceeds  t h e  c o s t  of a d d i t i o n a l  f e r -  
t i l i z e r ,  c o l l e c t i o n  and t r a n s p o r t a t i o n ,  which i t  d i d n ' t  i n  t h e  c a s e  of soy- 
beans .  A s  a  m a t t e r  of f a c t ,  i n  t h e  c a s e  of soybeans ,  t h e  more biomass you 
took o f f  t h e  l e s s  money you made, s o  i t  was a s e l f - d e f e a t i n g  p r o c e s s .  

Another f a c t o r  t h a t ' s  ex t remely  impor tan t  is t h a t  r a t h e r  s m a l l  
changes i n  p r i c e s  w i l l  s i g n i f i c a n t l y  a l t e r  our  c o n c l u s i o n s  of biomass po- 
t e n t i a l .  For example, i f  co rn  was $2.50  a  b u s h e l  i n s t e a d  of t h e  $2.25 a 
b u s h e l  used i n  t h e s e  a n a l y s e s ,  biomass p r o d u c t i o n  would n o t  b e  v e r y  p r o f i t -  
ab l e .  

QUESTION: You s a i d  biomass was worth  $40 a  ton .  I b e l i e v e  . t h a t ' s  
way o u t  of l i n e .  That makes u s  o v e r  $2  pe r '  m i l l i o n  B t u ' s ,  which i s  .way o u t  
of l i n e  i n  r e s p e c t  t o  c o a l  o r  a n y t h i n g  e l s e ,  e s p e c i a l l y  when you add t h e  con- 
v e r s i o n  c o s t .  

ANSWER: The f i g u r e  used was a n  a v e r a g e  v a l u e  of f u e l  f u r n i s h e d  t o  
e l e c t r i c  u t i l i t i e s  f o r  lY/5 ,  $2 p e r  m i l l i o n  kitu. 

QUESTION: You must be u s i n g  t h e  wrong f i g u r e  f o r  t h e  e f f i c i e n c y  of 
t h e  b o i l e r ,  because  t h a t ' s  way o u t  of l i n e  f o r  t h e  replacement  f u e l  v a l u e .  
For bagasse ,  f o r  example, you f i g u r e  two b a r r e l s  of f u e l  o i l  p e r  t o n  of 
bagasse ,  and i t  c a n ' t  b e  t h a t  much more. A t  $13 a  b a r r e l ,  t h a t  $26 .  

ANSWER: Coal was b e i n g  p rov ided  l a s t  y e a r  a t  95 c e n t s  a m i l l i o n  
Btu,  g a s ,  t h e  f i g u r e  was s l i g h t l y  l e s s  t h a n  a  d o l l a r ,  and o i l  was a t  $3 a  
m i l l i o n  B t u ' s .  

QUESTION: What you have g o t  t o  compare w i t h  i s  c o a l .  You a r e  
t a l k i n g  about  double  t h a t  p r i c e .  You a r e  t a l k i n g  abou t  $2  a  m i l l i o n  Btu. 

ANSWER: T h a t ' s  c o r r e c t .  



QUESTION: The other question I had is what's your hauling distance? 

ANSWER: Approximately 10 or 12 miles. 



COMMERCIAL USE OF CORN COB RESIDUE 

M r .  William Hudson, Manager 
Market Development 

The Andersons 

The Andersons i s  a g r a i n  expor t ing  company. We expor t  2.5 m i l l i o n  
tons of  g r a i n ,  p r i n c i p a l l y ,  corn.  That would b e ,  s ay ,  20 percent  of what 
Great B r i t a i n  uses  i n  a year .  T h a t ' s  ahout  4 percent  of  t he  n a t i o n ' s  t o t a l  
expor t s  of a l l  g r a i n s .  

I n  tho a o t  of doing t h a t  we 11aildlt aLuuL 100,000 Lulls ul: cur11 cobs, 
These corn cobs a r e  one of t h e  d i v e r s i f i c a t i o n s  of our company and what I 
p r i n c i p a l l y  want t o  d i s c u s s .  

Back when t h i s  corn cob bus iness  s t a r t e d ,  we c a l l e d  i t  tu rn ing  a 
minus i n t o  a p lus .  The corn cobs were a mj.n.us. They came w i t h  t h e  corn ,  
bu t  t he re  w a s n ' t  anyth ing  t h a t  could be  done w i t h  them 25 years  ago. That 
was before  t he  combine came along. Back then t h e  corn cobs were p i l e d  i n t o  
block long p i l e s  con ta in ing  maybe fou r  o r  f i v e  thousand tons of cobs.  These 
p i l e s  were then s e t  on f i r e .  And, j u s t  i n  ca se  anyone wonders i f  t h e r e  
r e a l l y  i s  energy i n  t h a t  biomass, t h e r e  i s .  Those p i l e s  of cobs would burn 
f o r  months a t  a time and the  more water  you poured on them, t h e  harder  t he  
f i r e  would burn. I t ' s  c a l l e d  fermentat ion.  

A t  the Andersons, we managed t o  t u r n  t h i s  minus i n t o  a p lus  i n  a 
t r a d i t i o n a l  ca se  of American i n d u s t r y  a t  work. This minus- to -a -p lus  i s  by 
means of technology and marketing. 

The Andersons cob d i v i s i o n  today manufactures a wide range of  corn 
cob products .  The uses  of  t he se  products  w i l l  be d i scussed  l a t e r  i n  t he  r e -  
p o r t .  Now,  l e t ' s  review where t h e  program s t a r t s ;  i t  s t a r t s  w i th  t h e  farmers.  
We a t  the  Andersons a r e  no t  a s  much of  a r e sea rch  company a s  we a r e  a c t u a l  
marketers ,  b u t  we f e e l  t h a t  t he  farmer who wants t o  g e t  i n  t he  corn  cob pro- 
gram today has  t o  make a ded ica t ion  t o  e a r  corn  h a r v e s t i n g  e a r l y  i n  t h e  game. 

He has  t o  p l a n t  t h e  corn  so  t h a t  i t  can be harves ted  on the  e a r .  I n  o t h e r  
words, i f  he goes o u t  i n  t he  f a l l  and wants t o  h a r v e s t  h i s  corn on t h e  cob, 
but he has  p lan ted  and done h i s  row spac ing  f o r  s h e l l i n g  i n  t h e  f i e l d ,  then 
he i s  n o t  going t o  g e t  much of  an e a r  corn  h a r v e s t .  

The cobs used t o  be  around i n  g r e a t  q u a n t i t y ,  but as the  f i e ld-  
p i c k e r - s h e l l e r  machine came i n t o  vogue, t h e  a v a i l a b i l i t y  of cobs went down. 
SO a t  some po in t  i n  t ime, maybe 10, maybe 15 years  ago, somebody made a de- 
c i s i o n  t h a t  we would s t a r t  paying f o r  t h e  cobs.  We now pay a premi-m of 
around 10 c e n t s  a bushel  t o  g e t  corn  t o  us i n  t h e  form of  e a r  corn.  



A t  h a r v e s t  t ime,  those  farmers  i n t e r e s t e d  i n  s e l l i n g  bo th  t h e  corn  
and t h e  cob, p ick  t h e  e n t i r e  e a r  of  corn.  There a r e  s t i l l  a couple  of  com- 
panies  t h a t  make e a r  corn  p i cke r s ,no t ab ly  New Idea Farm Equipment Company 
o f  Ohio. 

The e a r  corn  then has.  t h e  husks removed. A type  of  s o l a r  d ry ing  
i s  one way o f  o b t a i n i n g  c l ean ,  husk- f ree  e a r  corn .  Now t h e  corn  is ready  
f o r  c r i b b i n g ,  o r  f i e l d  s torage . .  

There are j u s t  about  a s  many d i f f e r e n t  k inds  of  f i e l d  s t o r a g e  
f o r  e a r  corns  a s  t h e r e  a r e  farmers .  There are dozens and dozens of  d i f f e r -  
e n t  ways t o  b u i l d  a c r i b .  There a r e  some people  from Purdue who have c a t a -  
logged a t  l e a s t  2 dozen d i f f e r e n t  ways t o  b u i l d  a c r i b  s o  t h a t  i t  maximizes 
t h e  wind and sun  energy t h a t ' s  a v a i l a b l e  f o r  any p a r t i c u l a r  farm and s o  t h a t  
i s  s i m p l i f i e s  t h e  l oad ing  and unloading procedures .  

When co rn  is  d r i e d  on t h e  e a r  and t h e  e a r s  brought  t o  us ,  t h e  
corn  q u a l i t y  i s  a b s o l u t e l y  supe r io r ;  I n  o t h e r  words, t h e  amount o f  f o r e i g n  
m a t e r i a l  is  n e g l i g i b l e .  The co rn  t h a t  i s  d r i e d  n a t u r a l l y  and p a t i e n t l y  on 
t h e  e a r  d o e s n ' t  b reak  as much. We can  document maybe a 7 o r  8 pe rcen t  sav- 
i n g s  i n  q u a l i t y  t o  t h e  n a t i o n ' s  co rn  crop.  This  s av ings  i n  q u a l i t y  and en- 
e rgy  obvious ly  was no t  a f a c t o r  when t h e  John Deeres and I n t e r n a t i o n a l  H a r -  
v e s t e r s  s t a r t e d  s e l l i n g  t h e  f i e l d - p i c k e r - s h e l l e r .  Then, energy was no cause.  
Of cou r se ,  most companies were s h o r t s i g h t e d  i n  t he  f i f t i e s  and s ixt ies  as 
f a r  a s  energy was concerned. 

Here i s  how t h e  corn  cob process  s t a r t s  from our  s t andpo in t .  The 
t r u c k s  come i n  a l l  year  round loaded w i t h  e a r  corn .  The t rucks  a r e  then-  
weighed and t h e  q u a l i t y  o f  t h e i r  load  o f  corn  i s  checked. Then t h e  t rucks  
are unloaded. 

/ 

The unloading process  i s  automated. The co rn  i s  dumped o u t  t h e  
back o f  t h e  t ruck  on to  conveyor systems.which t r a n s f e r  t h e , c o r n  i n t o  a series . 
of  s i x  p a r a l l e l  s h e l l e r s .  So t h e  corn  k e r n e l s  a r e  s epa ra t ed  a t  t h i s  p o i n t  
and s t a r t e d  on t h e i r  way i n  t h e  expor t  s t ream. 

The n e x t  s t e p  i s  t o  reduce  t h e  s i z e  of  t h e  co rn  cobs.  A set  o f  
revolving hammer m i l l s  i s  used f o r  t h i s  s t e p .  Cobs come o u t  of  t h e r e  about  
1 inch  long. Then they go i n t o  a tumbler type  o f  d rye r .  The cobs a r e  d r i e d  
' t o  a 6 t o  8 pe rcen t  mois ture  c o n t e n t  i n  o r d e r  t o  g e t  them t o  g r ind  r i g h t .  

I n  1958, our  c o n t r i b u t i o n  t o  t h e  technology o f  co rn  cob process-  
i n g  was t o  p e r f e c t  c e r t a i n  e x i s t i n g  r o l l e r  m i l l s .  A c o b  is  a pesky c r e a t u r e .  
They a r e  hard  t o  g r ind ,  v e r y  hard t o  g r ind .  Before begfnning t h e  g r i n d i n g  



process ,  t h e  cob, p a r t i c u l a r l y  t h e  woody-ring po r t ion ,  has  t o  be sheared 

a p a r t .  You c a n ' t  hammer the  cob because i t  simply compacts. The c e l l u l o s e  
i s  i n  a  f i b r o u s  bundle and i t  s t i c k s  t oge the r  and j u s t  g e t s  harder  and 
ha rde r  a s  it i s  hammered. It doesn ' t  break.  So our c o n t r i b u t i o n  t o  t h e  
technology has t o  do w i t h  the  way we s p l i t  t h e  cob. 

We a l s o  made a  c o n t r i b u t i o n  i n  s e p a r a t i n g  the  t h r e e  po r t ions  of 
t h e  cob. The t h r e e  po r t ions  of  t he  cob a r e  t h e  p a r t  t h a t  holds the  co rn  on 
the  cob ( c a l l e d  bees wing th read ) ,  t h e  woody-ring po r t ion ,  and t h e  c e n t e r  
o r  t he  p i t h .  The woody r i n g  makes up 60% of t h e  cob by weight ,  t h e  bees 
wing and p i t h  make up 40%. 

NOW, we nlake a s e p a ~ a l i u l ~  uL L l ~ r  p~L11 all9 b e t 3  wing one WAY  id 
the woody-ring ano thc r .  Thc woody-ring i~ four  times a s  hard a s  maple and, 
t he re fo re ,  i t  commands a  high p r i c e  a s  an  i n d u s t r i a l  ab ra s ive .  The p i t h  
and bees wings a r e  s o f t ,  dus ty ,  i cky ,  hard t o  handle,  so  we p e l l e t i z e  t h a t  
m a t e r i a l  and s e l l  i t  a s  animal feed .  

One of t he  th ings  we do w e l l  and a r e  prolid of i s  removing t h e  d u s t  
from t h e  p i t h  and bees wing. This he lps  us  t o  s e l l  a g a i n s t  o t h e r  corn cob 
makers.. 

We a l s o  made some pa ten ted  advances i n  t he  grading of products ,  
s i z i n g ,  and c l a s s i f y i n g  the  d i f f e r e n t  s i z e s .  Corn cobs a r e  brought t o  us 
i n  a l l  d i f f e r e n t  s i z e s  and grades and we have found markets f o r  t he  d i f f e r -  
en t s i z e  ranges .  

The f i n a l  t o o l  t h a t  we use i n  t h e  g r ind ing  process  i s  a n  a t t r i t i o n  
m i l l ,  which involves  two l a r g e  sp inning  p l a t e s ,  and t h i s  takes  t h e  cob on 
down t o  the  f i n e s t  s i z e  t o  which we can g e t  i t .  

I n  a d d i t i o n ,  we have a  l o t  of q u a l i t y  c o n t r o l  going on. I f  we 
d o n ' t  hold our  q u a l i t y  s t anda rds ,  i t ' s  l i k e  any o t h e r  product .  The customer 
won ' t  buy i t .  There a r e  a  l o t  o f  automated and computer type  c o n t r o l s  i n  one 
of t hese  f a c t o r i e s ,  a s  t h e r e  a r e  i n  any o t h e r  modern day f a c t o r y .  Included 
i n  t hese  c o n t r o l s  a r e  s a f e t y  and OSHA concerns.  

The end products  of t h e  corn  cobs a r e  s epa ra t ed  i n t o  fou r  d i f f e r -  
e n t  grades which we c a l l  Gr i t -0 '  cobs,  Lite-R cobs,  ~ e d - 0 '  cobs,  and Sl ikwik.  
The Gr i t -0 '  cobs comes from t h e  g r i t ,  t h e  woody po r t ion  and they a r e  used i n  
tumbling and s o f t - g r i t  b l a s t i n g ,  f i n i s h i n g  of p l a t ed  metal  p a r t s  and dry  
c l ean ing .  However, t h e i r  most important  single use is  a s  a n  absorbent  car -  
r i e r  f o r  agr i -chemica ls .  One agri-chemical  they  a r e  used i.n i s  i n s e c t i c i d e .  
co rn  cob i s  very  absorbent  and provides a  time r e l e a s e  f o r  t h e  p e s t i c i d e s  
t h a t  a r e  of  a  systemic na tu re .  Another agri-chemical  use  f o r  ~ r i t - 0 '  cobs 
i s  a n  extender  of  lawn products .  Here aga in  t h e i r  r o l e  i s  t o  absorb the  



p e s t i c i d e .  The American householder i s  n o t  ve ry  adept  a t  us ing  l i q u i d  pro- 
d u c t s ,  s o  the  product must be extended f o r  him. 

The important  use f o r  t he  Lite-R cobs,  which i s  made from t h e  p i t h  
and bees wings, i s  as roughage i n  c a t t l e  feed.  There i s  no p r o t e i n  i n  t h e  
cob t o  speak o f ,  bu t  the  cow's rumen can break t h e  c e l l u l o s e  bonds i n  t h e  
roughage down i n t o  glucose.  

The Li te-R cobs a r e  a l s o  used a s  a n  o i l  s l i c k  absorbent  t h a t  we 
c a l l  Slikwik. This Sl ikwik can be  loaded on o i l  t ankers  and dumped on a n  
o i l  s p i l l ,  when necessary.  This pr-ocess works q u i t e  w e l l ;  t h e  ce l l  is  ab- 
sorbed r a p i d l y . .  The speed of abso rp t ion  i s  q u i t e  f i n e  f o r  corn  cobs t h a t  
have been d r i e d  down t o  t h e  10 percent  range.  So w e  have s a l e s  of t h e s e  
products  i n  a l l  of the  major c u u n ~ r i a s .  

We a r e  i n t o  t he  r e s e a r c h  and development o f  new uses .  A good d e a l  
of  time and money w a s  spen t  t r y i n g  t o  understand a  new use  i n  t h e  chemical 
a r e a  c a l l e d  x y l a t o l ,  which i s  a  new sweetener.  I t ' s  made o u t  of t h e  f ive  
carbon p a r t s  of t he  cob. 

Cob i s  an  i n t e r e s t i n g  c r e a t u r e  from t h e  chemical s t andpo in t  be- 
cause i t  con ta in s  around 5 t o  6% l i g n i n ,  which is  l e s s  than  t h e  amount con- 
ta ined  i n  wood. Also, t h e r e ' s  around 28 t o  30% c e l l u l o s e  i n  co rn  cobs,  and 
by c e l l u l o s e  I mean t h e  6 carbon family t h a t  a r e  l inked  t o g e t h e r ,  And, 
t h e r e  i s  around 35% of  t he  5 carbon family i n  cobs.  What t h i s  a l l  means i s  
t h a t  t he  cobs t u rn  ou t  t o  be pos s ib ly  t he  r i c h e s t  source  of  xy lose  under t h e  
sun on a  pound-per-pound b a s i s .  

One of t he  obvious uses  of  co rn  cobs is  t o  burn them. F5f teen  
o r  twenty years  ago, The Andersons d i d  burn them f o r  f u e l .  When t h e  cobs 
a r e  burned, they r e l e a s e  potassium oxide  a s  they c o n t a i n  a  s u b s t a n t i a l  
amount of  potassium. This  potassium oxide  e a t s  up t he  g r a t e  of  t h e  t y p i c a l  
furnace.  Tha t ' s  no t  a  b i g  ' t e chn ica l  problem f o r  a company l i k e  Hughes A i r -  
c r a f t  o r  General E l e c t r i c ,  bu t  f o r  a  company i n  t he  American g r a i n  i n d u s t r y  
wi th  two engineers  t o  work i n  t h e  problem, i t  can be  a tough one t o  so lve .  
So we used what we c a l l  a  moving g r a t e  burner  15 yea r s  ago. The product 
of  t he  d i r e c t  combustion was ho t  a i r  and t h i s  h o t  a i r  went i n t o  our  g r a i n  

d rye r .  

Now, a s  t he se  o t h e r  i n d u s t r i a l  uses  developed and the  cobs go t  
more expensive, they go t  t o  be worth t oo  much t o  burn. Therefore ,  u p ' u n t i l  
l a s t  year ,  they were worth too much t o  burn. But now t h e  energy p i c t u r e  has  
changed a l l  t h a t .  



During t h e  p a s t  yea r ,  we have b u i l t  a  f l u i d i z e d  bed burner  t o  over- 
come t h i s  potassium oxide  problem. Our engineer ,  Bob Anderson, ha s  been t r y -  
i n g  t o  g e t  t h e  burner  t o  work a s  our  i n t e n t i o n  i s  t o  conver t  over  t o  corn  
cob power next  year .  We w i l l  unear th  our  o ld  moving g r a t e  furnace  and do 
our  g r a i n  d ry ing  w i t h  cobs. 

The economics of t h e  corn  cob bus iness  i s  a n  important  cons idera-  
t l o n .  The e 8 Y  Corn premium t h a t  we pay i s  around 10 c e n t s  a  bushe l .  Now, 
a  bushel  of e a r  corn  weighs 70 pounds, and about  10 pounds.of t h a t  i s  cobs.  
c hat's the  f i g u r e  w e  have found t o  be c o r r e c t  i n  our  experience.  So a t  10 
c e n t s  a  bushel and 10 pounds to t h e  bushe l ,  cobs cost. arnimd $?O a ton. 
This $20 a ton f i g u r e  w i l l  v a ry  throughout the year  a s  w e  vary  t h a t  premium 
i n  order t o  Wen o u t  t h e  inf low o t  cobs a l l  year long. That way we g e t  cobs 
365 days a yea r ,  So t h e  price of cobs comes ou t  t o  be a g p r o x i m t c l y  a penny 
per pound and we've found t h a t  most farmers  w i l l  hau l  most t h i n g s  f o r  around 
a penny a  pound. Our average hau l ing  d i s t a n c e  is  probably 70 miles. W e  
draw from t h e  t i p  o f  Michigan down t o  Toledo, and we draw from Pennsylvania 
and southern  Ohio. So a  l o t  of  people come from 150 t o  200 mi les  w i t h  e a r  
corn .  I t  would be  p o s s i b l e  t o  g e t  a l l  t he  cobs wanted from a 25-mile r a d i u s ,  
bu t ,  farmers a r e  j u s t  a s  d i v e r s e  a s  o t h e r  groups, and they won' t  a l l  hau l  
t h e i r  cobs to be so ld .  

Now, t h e  cobs,  the  s o f t  p a r t  so ld  a s  feed c u r r e n t l y  b r ings  around 
$40 a  ton i n  the  United S t a t e s .  Then t h e  cobs a s  g r i t  s e l l  f o r  $110 a  ton ,  
which i s  worth more than the  corn  i t s e l f .  And t h e  cobs used f o r  f u e l  a r e  
worth $46 a  ton a s  compared on a  Btu b a s i s  t o  c u r r e n t  propane p r i c e s .  

So t h a t ' s  the slrur.y of turning:  a minus i n t o  a p lus  a s  w e l l  a s  t h e  
s t o r y  of  one of  t h e  two o r  t h r e e  companies c u r r e n t l y  o p e r a t i n g  i n  t h e  biomass 

a r e a .  Quaker Oats i s  t h e  f u r f u r a l  maker and I th ink  they handle  over  twice 
a s  many cobs a s  we do. We handle  a  t o t a l  o f  100,000 tons,  s o  between Quaker 
Oats ,  us ,  and t h e  o t h e r  corn cob g r i t  producers ,  t h e r e  is  maybe h a l f  a  m i l -  
l i o n  tons of cobs i n  use.  



AL.1' L: RNATI V E  ORGAN I ZAT I ONAL AND 
I~IAKKE'TI NC i\i.'.iiANGEMEFITS FOR 

I IPtRKETING BIOMASS 

Dr.  W i l l i a r i l  E. B l a c k *  

T h i s  paper w i l l  i d e n t i f y  t h e  a1 t e r n a t i  ves o f  bus iness  o r g a n i z a t i o n s  and 

11;arketing arrangements t h a t  n i i gh t  be deve loped t o  t r a n s f e r  biomass f rom 

p r o ~ i i ~ c t i o n  t o  co r i ve rs i cn  p l a n t s .  

K e w e m e n t s  -- - - - f o r  - - - - Feasi  - --- b l  e M d r k e t i  ng  Systems 

N l~a  t a r e  some r e q u i r c ~ n e n t s  f o r  an e c o n o m i c a l l y  f e a s i b l e  biomass m a r k e t i n g  

s y s t ~ ~ i i ?  (No t  1  i s t e d  i n  o r d e r  o f  impor tance .  ) 

1 )  - -- W i l l i n o n e s s :  . . - - -  W i l l i n g n e s s  must e x i s t  on t h e  p a r t  o f  f a rmers  and 

ranchers  t o  produce and s e l l  bioinass t o  c o n v e r t e r s  and f o r  c o n v e r t e r s  

t o  es t ,ab l i sh  and o p e r a t e  tj ioii iass c o n v e r s i o n  p l a n t s .  The need f o r  

ge r le ra t i ng  f u e l  and c h e ~ l i i c a l s  f r o m  biomass i s  n o t  y e t  u r g e n t l y  f e l t  

L:ly fa rmers  and ranchers .  A  s u b s t a n t i  a1 Educa t i  ona l  pi-ogram i s  needed 

t o  deve lop  t h i s  a\krarenesr. 

2 )  ..- Adequate,Income:'  . .- . -- -. -. . - - - -  Net economic b e n e f i t s  t o  producers  niust be 

s u f f i c i e n t  t o  prompt h i s  p a r t i c i p a t i o n  i n  t h e  system. The b a s i c  

q u e s t i o n  i s  --  how much o f  t h e  c r o p  r e s i d u e s  w i l l  f a rmers  p low under  

and how n~irch o f  i t  a r e  t h e y  w i l l i n g  t o  marke t  as biomass? The c r i t i c a l  

i s s u e  i s '  t h e  impact  o f  biomass removal f r o m  t h e  f a r m  upon f u t u r e  l a n d  

p r o d u c t i v i t y .  Biomass i s  n o t  a  f r e e  good when measured i n  terms of  

. . f u t u r e  p r o d u c t i o n  p o t e n t i a l  o f  t h e  fa rm.  . 

*Economis t -Market ing  and P o l i c y ,  Texas A g r i c u l t u r a l  E x t e n s i o n  S e r v i c e ,  Texas 
A & F l  U n i v e r s i t y ,  C o l l e g e  S t a t i o n ,  Texas. T h i s  paper was p resen ted  March 2, 
1977, i,n Kansas City,  M i s s o u r i ,  a t  t h e  Conference on t h e  P r o d u c t i o n  o f  Biomass 
from Gra ins ,  Crop Residtrcs, Forages and Grasses f o r  Convers ion Lo Fue ls  and 
Cheinicals.  
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3 )  A d e e e  -- -. - Volume: .. - - - -  Volu~i le s u f f i c i e r ~ t  must e x i s t  t o  o p e r a t e  a t  an 

a c c e p t a b l e  p o i n t  on t h e  average c o s t  c u r v e  f o r  p r o d u c t i o n ,  assembl ing ,  

convers ion ,  and m a r k e t i n g .  Once t h e  p r o j e c t e d  and break-even c o s t s  

a r e  known, then t t ie  a1 t c r r i a t i v k  i s  t o .  . . 

( a )  F i x  t h e  p l a n t  s i z e  an3 v a r y  t h e  geograph ic  area f o r  

biomass p r o d u c t i o n  Q r ,  

b )  F. ix  l t ~ c  gt !uyraphlc are?  and vary ehe p l a n t .  S i . 7 ~ 1 .  

The I-el d t i  ve i ~ n p o r t a n c e  u T ecorlorr~ies of s c a l e  - v s -  hau l  i n g  c o s t s  w i  11 

de te rm ine  t h e  l i m i t s  o f  geograph ic  area.  

4) Accura te  Commodi t y  .. - D e s c r i p t i o n :  . - -- I f  we assume t t ~ a l  cor ivers. ion p l a n t s  

w i l l  o b t a i n  biomass v i a  c o n t r a c t s ,  t hen  an a c c u r a t e  b a s i s  f o r  d e s c r i b i n g  

what i s  t o  be d e l i v e r e d  by t h e  p roducer  and r e c e i v e d  by t h e  p l a n t  must 

be developed.  T h i s  d e s c r i p t i o n  s h o u l d  a1 so r e l a t e  t o  t h e  v a l u e  o f  t h e  

biomass. Thus, a gr .ad ing  systt j i l l  r e f l r c L i ~ , ~ y  use v a l u e  urq BTU p u t e n t i a l  

o f  v a r i o u s  t ypes  o f  biornass must a l s o  be e s t a b l i s h e d .  

C o n t r a c t  Performance Guarantees:  - -  A c o n t r a c t u a l  arrangement must be - . - . -- ... 

deve loped t h a t  acco~nmodates t h e  p r o d u c t i o n  c y c l e  on fa rms.  T h i s  means 

t h a t  a p r i c i n g  and m a r k e t i n g  system be deve loped t h a t  p e r m i t s  producers  

and c o n v e r t e r s  t o  1 i v e  up t o  t h e  te rms o f  t h e  c o n t r a c t .  For  example, 

i f  farmers  i n s i s t  upon removal o f  biomass b e f o r e  a  d e a d l i n e  d a t e  t h i s  

means t h a t  t h e  system must be developed t h a t  a l l o w s  t h e  accumu la t i on  

o f  a  y e a r ' s  volume i n  a  few weeks. The c o n t r a c t  must i n c l u d e  p e n a l t y  

c lauses  t o  assu re  compl iance.  



6 )  Mutual* o r  E 3 u i t y  o f  Treatnient  o f  Va r ious  P a r t i e s  t o  t h e  C o n t r a c t :  -- . -A -. - - - . . - .- - . - - - - - . - . - . -- . - - A - - . - _ A _ ., _ - 
A systeni must be dev i sed  t h a t  a l l o w s  t h e  p roducer  t o  p a r t i c i p a t e  i n  

t h e  u l t i m a t e  market .  p r i c i n g  o f  t h e  p r o d u c t s  genera ted.  W i l l  t h e  

c o n t r a c t s  be w r i t t e n  by producers  and c o n v e r t e r s  and w i l l  t h e y  r e f l e c t  

mutual  it.y i n  c o n t r a c t  t e r n ~ s ?  A c o n t r a c t  deve loped by  t h e  c o n v e r t e r  

and o f f e r e d  t o  t h e  p roducer  on a  t a k e - i t - o r . - l e a v e - i t  b a s i s  may p rove  . 

unworkable.  C o n t r a c t  terms must  ' r e1  a t e  bene f  i t s  and c o s t s  t o  each 

p a r t y .  

7 )  Commitment: - -- Pre-season commitment o f  biomass by  t h e  p roducer  t o  

t h e  c o n v e r t e r  i s  necessary  f o r  a  s u b s t a n t i a l  p o r t i o n  o f  t h e  biomass 

v o l u m e .  Any systeni o f  c o n v e r t i n g  biomass t o  f u e l s  and chemica ls  

wh ich  depends e x c l u s i v e l y  upon t h e  s p o t  o r  open n iarket  f o r  biomass 

w i l l  p r o b a b l y  prove unworkable.  T h i s  means t h a t  p roducers  w i l l  e n t e r  

i n t o  c o n t r a c t u a l  arrangements w i t h  c o n v e r t e r s  p r i o r  t o  t h e  t i m e  t h e  

biomass becomes a v a i l a b l e .  Commitment, t h e r e f o r e ,  p r o v i d e s  p r e d i c t a b l e  

s u p p l i e s  and ,-educes t h e  i n v e s t m e n t  r i s k  i n  t h e  c o n v e r t i n g  p l a n t .  

8) -- Workable C o n t r a c t  Base: -- Acreage r a t h e r  t h a n  tonnage w i l l  p r o b a b l y  

bd t h e  b a s i s  f o r  c o n t r a c t i n g  b iomass.  Acreage c o n t r a c t s  mean t h a t  

t h e  producer  w i l l  t r a n s f e r  t o  t h e  c o n v e r t e r  a l l  t h e  biomass produced 

on a  d e f i n e d  acreage.  Tonnage c o n t r a c t s  wou ld  l e a d  toward 1  i n i i  t e d  

commitment o f  p r o d u c t i o n  ' t o  t h e  c o n v e r t e r  because o f  t h e  b u l k ,  l i m i t e d  

market  f o r  biomass between p roducers ,  and t h e  r i s k  t h e  p roducer  takes  

i n  b e i n g  a b l e  t o  p e r f o r m  on t h e  c o n t r a c t .  



I, 

9 )  I n t e g r a t i o n :  -- I n t e g r a t i o n  o f  two o r  more s tages i n  t h e  p r o d u c t i o n -  

p r o c e s s i n g - m a r k c t i  ng complex wou ld  be encouraged i f  biomass can be 

e c o n o m i c a l l y  conver ted  i n t o  f u e l  and chemica ls .  The most economic 

p o t e r ~ t i a l  c o n v e r s i o n  f o r  biornass p r o b a b l y  e x i s t s . a t  c o t t o n  g i n s  and 

r i c e  r i i i l l s .  Saw m i l l s  and sugar  cane m i l l s  a r e  c u r r e n t l y  d i r e c t l y  

converting t h e i r  by -p roduc ts  i n t o  energy .  Roas t ing  o f  p e a n u t s m a y  be 

!-ec(b i l r ly  clur~e d t ' the she1 1 I n g  p l a n t  t o  econoniical l y  u t i  1 i z e  peanu l  

! 1 u 1  By thc way, peanut  and r l c e  h u l l s  a r e  c u r r e n t l y  b e i n g  sh ipped 

f rom Texas p r o c e s s i n g  p l a n t s  t o  West Texas f e e d l o t s  as c a t t l e  feed .  

7 h i s  i s  one f o r m  o f  energy c o n v e r s i o n  somewhat d i f f e r e n t  t h a n  used 

f o r  r o a s t i n g .  

I f  t h e  emphasis i n  t h e  i n d t l s t r y  i s  on i n t e g r a t i o n  t h e n  t h e  emphasis 

i n  techno logy  w i l l  p r o b a b l y  be t o  deve lop  i n d i v i d u a l  f a r m  f u e l  

cnnve r t .e rs .  Dr .  R icha rd  Wainerd i  , A s s o c i a t e  V i c e  P r e s i d e n t  f o r  

Academic A f f a i r s  - Texas A & M U n i v e r s i t y ,  t h i n k s  t h a t  f a rmers  w i l l  

be a b l e  t o  buy a  f a r m  f u e l  c o n v e r t e r  w i t h i n  t h e  n e x t  t e n  t o  t w e l v e  

y e a r s .  There a r e  t h r e e  advantages o f  a  f a r m  c o n v e r t e r  o v e r  a  c o m u n i  t y  

p l a n t  system. 

( a )  No t a x  on t h e  f u e l  genera ted by  t h e  fa rmer  and used i n  h i s  

own t r a c t o r s  and f a r m  equipment.  

( b )  Avo id  t h e  b i  omass t r a n s p o r t a t i o n  and s t o r a g e  c o s t s .  

( c )  The r e s u l t i n g  f u e l  i s  l e s s  a p t  t o  be a l l o c a t e d  away f r o m  t h e  

p roducer .  

Whether i t  w i l l  be fa rm [ ] .n i ts  o r  commodity u n i t s  depends on r e l a t i v e  

economies o f  s c a l e  . 

124 



10) D i v e r s i f i c a t i o n :  -- C l u s t e r  va r i ous  types o f  i n d u s t r i e s  o r  mu1 t i  -p roduc t  

businesses around a v a i l a b l e  biomass. For example, t h e r e  a r e  seven t imes 

more BTU's i n  c o t t o n  g i n  t r a s h  than energy used by t h e  g i n .  Th i s  

suggests an o p p o r t u n i t y  f o r  ano ther  i n d u s t r y  t o  l o c a t e  near  t he  c o t t o n  

g i n  t o  u t i l i z e  energy f rom a v a i l a b l e  g i n  t r a s h .  

Organ iza t iona l  -- A1 t e r n a t i  ves 

While we have three types of  businesses, I anticip,ate that few large 

scale  community-based biomass conversion plants w i l l  be owned by individuals 

or partnerships. Thus, carporations are most apt to own large sca le  community 

based plants, and they can be one of  two kinas -- ordinary or cooperative. - 
I n  an o r d i n a r y  c o r p o r a t i o n  those who i n v e s t  hope f o r  a  p r o f i t  bu t  most 

l . i k e l y  w i l l  n o t  be t h e  p rov i de rs  o f  biomass nor  t h e  users  o f  t h e  end products .  

A --- coopera t i ve  i s  owned by t h e  people who do business t he re .  A coopera t i ve  

convers ion p l a n t  would be owned by farmers and ranchers  who p rov i de  t he  biomass 

and u t i l i z e  p a r t  o r  a l l  o f  t h e  r e s u l t i n g  f u e l  o r  chemicals.  

Regardless o f  co rpo ra te  type, j o i n t  ven tu re  arrangements a re  a l s o  f eas ib l e .  

For example, a  group o f  producers p roduc ing  biomass may belong t o  a  coopera t i ve  

which en te r s  i n t o  a  j o i n t  ven tu re  arrangement w i t h  a  marke t ing  coopera t i ve  or 

r e g u l a r  co rpo ra te  marke t ing  f i r m  t o  market t h e  generated products .  I n  a  j o i n t  

venture t he  convers ion p l a n t  cou ld  be j o i n t l y  owned. 

Marke t i  ng Arranqements 

Schemat ica l ly ,  t h e  biomass-conversion-market ing complex l ooks  l i k e  t h i s .  

T rans fe r  T rans fe r  o f  
Producer o f  Biomass P l a n t  Fuel , e t c .  

Marketeer 
i 



One marke t ing  a l t e r n a t i v e  i s  t h e  open market.  The c h a r a c t e r i s t i c s  o f  an 

open market t o  f u n c t i o n  w e l l  a re .  . . 
( a )  There a re  many producers w i l l i n g  t o  s e l l  on an 

uncommitted bas i s ,  

( b )  There a re  many buyers,  

( c )  Both buyers and s e l l e r s  a r e  in formed o f  market 

condi  t i o n s  and, 

( d )  Each i s  f r e e  t o  a c t .  

Because o f  biomass bu l k  and h a u l i n g  cos ts  we d o n ' t  a n t i c i p a t e  t h a t  producers 

w i l l  have access t o  many buyers.  Most producers a re  a p t  t o  have economical 

access t o  o n l y  one buyer.  Because o f  t h i s ,  and because o f  t h e  h i gh  c o s t  o f  
. ,. 

convers ion p l a n t s ,  we foresee :?i t h e r  a c o n t r a c t  o r  orvnershi p i n t e g r a t e d  r l larket ing 

system f0.r t h e  maj0r.i t y  o f  biomass. 

Thus, some spo t  o r  open market a c q u i s i t i o n  o f  biomass by p l a n t s  may occur,  

e s p e c i a l l y  f o r  c rop  res idues,  bu t  e s t a b l i s h i n g  a convers ion p l a n t  on t h i s  t ype  

o f  a c q u i s i t i o n  i s  h i g h l y  u n l i k e l y ,  

Cooperat ive:  --  I n  a coope ra t i ve  a l l  t he  stages would be i n t e g r a t e d  through 

ownership, w i t h  a marke t i  ng agreement between t h e  producer and t h e  convers ion  

p l a n t .  The coope ra t i ve  would a l s o  u t i l i z e  t ime and q u a l i t y  pools .  Th i s  would 

r e s u l t  i n  a l l  producer-members be ing  p a i d  t h e  same p r i c e  f o r  s i m i l a r  k i n d  and 

quai  i t y  o f  d e l  i v e r e d  biomass d u r i n g  any g i ven  pool  pe r iod .  I n  a coope ra t i ve  

t h e r e  would n o t  be an e x p l i c i t  p r i c e  a t  t h e  s tage o f  t r a n s f e r r i n g  biomass from 

farm t o  convers ion p l a n t .  Rather, members would be p a i d  a d e r i v e d  p r i c e  -- t he  

gross r e c e i p t  f rom t h e  s a l e  o f  generated products ,  minus t h e  c o s t  of owning and 

ope ra t i ng  t h e  convers ion  p l a n t ,  t r a n s p o r t a t i o n ,  market ing,  e t c .  Whi 1 e coopera t i ve  



members w i l l  be p a i d  an advance a t  t i m e  o f  biomass d e l i v e r y ,  f u l l  s e t t l e m e n t  

c o u l d  l a g  by  months o r  even one y e a r .  The c o o p e r a t i v e  wou ld  d i r e c t l y  marke t  

t h e  f i n i s h e d  p r o d u c t  on a  s p o t  o r  f o r w a r d  ( s u p p l y )  c o n t r a c t  b a s i s .  

Severa l  l a r g e  pe t ro leun l  c o o p e r a t i v e s  now e x i s t  t h a t  have t h e  m a r k e t i n g  

c a p a c i t y  f o r  f u e l  genera ted f r o m  biomass convers ion .  They a r e  e s p e c i a l l y  

adept  i n  t h e  a g r i c u l t u r a l  market .  

R g u l a r  Corporat ion- :  -- I n  a  r e g u l a r  c o r p o r a t i o n  t h e  t r a n s f e r  o f  biomass -. --- 

t o  t h e  c o n v e r s j o n  p l a n t  would be accompl ished t h r o u g h  c o n t r a c t s .  The c o n v e r s i o n  

p l a n t  would v e r t i c a l l y  c o o r d i n a t e  t h e  biomass i n t o  t h e  system t h r o u g h  f o r w a r d  

cont t -ac ts .  There would be w r i t t e n  agreements between fa rmers  and r a n c h e r s  and 

a c o n v c r s i o n  p l a n t  r e g a r d i n g  t h e  d e l i v e r y  and acceptance o f  biomass a t  some 

f u t u r e  da te .  

Three k i n d s  o f  c o n t r a c t s  a r e  a v a i l a b l e  based on t h e  p r i c i n g  p o l i c y  used: 

( a )  F i xed  p r i c e  

( b )  Formula 

( c )  P a r t i c i p a t i o n  

I n  f i x e d  p r i c e  c o n t r a c t s  t h e  p r i c e  o f  biomass i s  e s t a b l i s h e d  a t  t h e  t i m e  

t h e  producer  and p l a n t  e n t e r s  i n t o  t h e ' c o n t r a c t .  The p r i c e  i s  known t o  producers  

before  d e l i v e r y  o f  biomass, t hus  p r i c e  r i s k  i s  s h i f t e d  t o  t h e  p l a n t .  The t i t l e  

t o  t h e  biomass. i s  t r a n s f e r r e d  f rom p roducer  t o  p l a n t  a t  t i m e  o f  d e l i v e r y  and 

subsequent p r i c e  movement o f  genera ted p r o d u c t s  i s  n o t  r e f l e c t e d  t o  biomass 

p roducers .  

I n  --.- f o rmu la  p r i c i n g  t h e  biomass p r i c e  i s  s e t  a f t e r  t he  c o n t r a c t  i s  s igned.  

Whi le  t h e  e x a c t  p r i c e  i s  n o t  agreed upon a t  t h e  t i m e  o f  s i g n i n g ,  t h e  b a s i s  f o r  

d e r i v i n g  t h e  p r i c e  i s .  The f o r m u l a  may r e f l e c t  one o r  more marke t  f a c t o r s  i n  



t h e  spo t  market, f u t u r e s  market, o t h e r  c o n t r a c t  markets,  c o s t . o f  p roduc t i on  o r  

p l a n t  food va lue  o f  bioniass i f  i t  remains on t h e  farm. Formula p r i c i n g  has 

been used i n  m i l k ,  eggs, g r a i n ,  1  i ves tock  and c o t t o n  c o n t r a c t i n g .  Whi le  

f i x e d  c o n t r a c t s  have e x p l i c i t  p r i c e s ,  formula c o n t r a c t s  have l a g  p r i c e s .  

The t h i r d  t ype  o f  c o n t r a c t  f o r  t r a n s f e r r i n g  biomass f rom producer t o  p l a n t  

i s  - p a r t i c i p a t i o n .  -- I n  a  p a r t i c i p a t i o n  c o n t r a c t  t h e  producer p a r t i c i p a t e s  i n  

t he  s e l l i n g  p r i c e  o f  t h e  f i n i s h e d  p roduc t .  P a r t i c i p a t i o n  and formula c o n t r a c t s  

d i f f e r  i n  t h a t  t he  p roduce r ' s  p r i c e  i n  a  p a r t i c i p a t i o n  c o n t r a c t  i s  based on 

the  market p r i c e  o f  t he  p roduc t  generated f rom t h e  biomass he d e l i v e r e d .  

Another way t o  say t h i s ,  i s  t h a t  i t  i s  based on t h e  p r i c e  o f  t he  convers ion 

p l  an t  ou tpu t .  Producer p r i c e s  i n  formul a  c o n t r a c t s  a r e  1  ess d i r e c t l y  re1  a ted  

t o  product  p r i c e .  P a r t i c i p a t i o n  i s  l a g  and i m p l i c i t  p r i c i n g  f o r  biomass. 

A1 though suppl i e r s  o f  b i  oniass w i t h  p a r t i c i p a t i o n  c o n t r a c t s  may n o t  be s t r u c t u r e d  

i n t o  pools as w i t h  coopc ra t i ve  marke t ing  agreements, t h e i r  p r i c e  i s  s i m i l a r  t o  

a  pool p r i c e .  I n  p a r t i c i p a t i o n  c o n t r a c t s  t h e r e  i s  u s u a l l y  an agreement between 

the producer and t h e  p l a n t  on t h e  cos t s  f o r  process ing,  t r a n s p o r t a t i o n ,  s e l l i n g ,  

e t c . ,  t h a t  i s  deducted f rom t h e  s e l l i n g  p r i c e  o f  t he  f i n i s h e d  p roduc t  i n  o rde r  

t o  a r r i v e  a t  t he  p roducer ' s  p r i c e .  

J o i n t  ventures a re  business arrangements between two o r  more p a r t i c i p a n t s  

organized t o  conduct r i iarket ing opera t ions  o r  e n t e r p r i s e  t oge the r .  F i rm 

i d e n t i t i e s  i n  a  j o i n t  ven tu re  remain separate .  I n  t h e  biomass i n d u s t r y ,  a  fue l  

o r  chemical marke t ing  f i r m  cou ld  j o i n t  ven tu re  w i t h  an organized group o f  

producers i n  the  ownership o f  an area convers ion p l a n t .  The p a r t i c i p a n t s  would 

share - -  on some agreed bas is  - -  expenses, p r o f i t s ,  l osses ,  r i s k ,  and management 

c o n t r o l  over  t h e  conduct o f  t h e  j o i n t  ven tu re .  



If the biomass conversion technology leads to area centered plants, the 

most 1 i kely c r i t i ca l  problems to be encountered are: 

( a )  Unwi 11 ingness of producers to sel l  crop residues. or  to  

produce crops specifically for  fuel and chemical conversion, 

( b )  Contracts. that favor one party or the other,  

( c )  Lack of predictable contract performance, and 

( d )  The economical feasibil i t y  o f  the business to ei ther  producers 

or converters or both. 

Converting plants will not be successful i f  they offer  contracts to 

farmers on a take-it-or-leave-it basis. When i t  i s  a l l  said and done the 

most feasible marketing system may we1 1 center on the shortage and high cost 

of fuel t o  farmers. Then producers would provide biomass in order to  obtain 

fuel and chemicals to continue farming. 
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MR. SOSLAND: My c o l l e g e  roommate's k i d  b r o t h e r  was named Jimmy S c h l e s i n g e r  
and i f  I went t o  Jimmy and wore a  badge t h a t  s a i d  "Think biomass" 1 ' m  s u r e  
he  would a s k  m e  what I was t a i k i n g  abou t  and 1 ' m  n o t  s u r e  t h a t  1 ' m  enough . 

o f  a n  e x p e r t  t o  know. 

Let  me s a y  r i g h t  o f f  t h a t  t h e  economic i m p l i c a t i o n s ,  which I 
would l i k e  t o  touch on v e r y  b r i e f l y ,  o f  what you a l l  have been c o n s i d e r i n g  
today a r e  s o  s t a g g e r i n g  t o  me I f e e l  v e r y  much l i k e  t h e  Greek god, Prometheus 
who brought  f i r e  t o  t h e  e a r t h .  Car ry ing  some of  t h e s e  s u g g e s t i o n s  w e  have 
h e a r d  today  t o  t h e i r  f u l l  ext remes it seems t o  me would have a  more monu- 
menta l  impact f o r  t h e  f u t u r e  o f  o u r  economy and f o r  t h e  f u t u r e  o f  t h e  w o r l d ' s  
economy t h a n  any  of us  c a n  p o s s i b l y  imagine.  I b e l i e v e  t h a t  t h e  c o n s i d e r a -  
t i o n  of t h i s  whole i s s u e  o f  reduc ing  o u r  g r a i n  e x p o r t  a v a i l a b i l i t y  i n  o r d e r  
t o  c r e a t e  biomass would c r e a t e  g r a v e  consequences .  1 f  anyone i n  Japan ,  a  
n a t i o n  whom we have encouraged t o  b u i l d  t h e i r  whole economy on t h e  thought  
t h a t  we would s u p p l y  them w i t h  food,  even thought  we were  s e r i o u s l y  con- 
s i d e r i n g  reduc ing  e x p o r t s ,  t h e n  I t h i n k  World War 111 would s t a r t  v e r y  
q u i c k l y .  A t  l e a s t  i f  I were t h e  Japanese government I would be making 
p l a n s  t o  beg in  i t  r i g h t  now. Even a  25% r e d u c t i o n  i n  e x p o r t s  would have 
profound e f f e c t s  on o t h e r  c o u n t r i e s .  There  i s  no way t h e  U.S. c a n  reduce 
e x p o r t s  by 25% w i t h o u t  d e c i d i n g  who i n  t h e  world  i s  go ing  t o  e a t  and who 
i n  t h e  world  i s  no t  going t o  e a t .  I n  f a c t ,  i f  we were t o  reduce  e x p o r t s  
by 25%, t h e  demand f o r  c r o p s  would i n c r e a s e  s o  much t h a t  w e  would n o t  be 
a b l e  t o  c o n t i n u e  e x p o r t  r e d u c t i o n ,  because  I t h i n k  people  w i l l  pay a  h i g h e r  
p r i c e  f o r  food t h a n  t h e y  w i l l  pay f o r  energy .  



A g r e a t  d e a l  of  t h e  world has  e x i s t e d  w i t h  a  minimum supp ly  of 
energy. ~ t ' s  t he  developed lands where people have not  r e a l l y  had t o  make 
t h a t  choice  between food and f u e l .  But i f  a  biomass p r o j e c t  f o r c e s  upon 
us  t h e  choice ,  between food and f u e l ,  t h e r e  i s  no ques t i on  i n  my mind t h a t  
t h e  d e c i s i o n  would. d e f i n i t e l y  b e  i n  favor  of an  adequate food supply .  I 
d o n ' t  t h ink  biomass a t  $40 a  ton w i l l  eve r  compete w i th  a g r i c u l t u r a l  food 
uses  of c rops .  A t  l e a s t  I cannot  conceive o f  t h a t  happening. 

The second po in t  I would want t o  make i s  t h i s ,  in jec tLng i n t o  t h e  
a g r i c u l t u r a l  economy t h e  p o s s i b i l i t y  t h a t  a  biomass program would somehow 
m u l t i p l y  t h e  va lue  of c rop  product ion and t h e  va lue  of c r o p l a n d ' i s  a  concept  
t h a t  I th ink  needs t o  be cons idered .  Car r ied  t o  some extreme w e  would have 
a  r epea t  of  t h e  per iod we had i n  '72,  '73 aiid ' 74  when t h e  thought was not  
too  f a r  from some people ' s  minds of plowing up hcusing subd iv i s ions  t o  p l a n t  
soybeans. 

The adjustment  t h a t  would be r equ i r ed  i n  f e d e r a l  p r i c e  suppor t  
p rogram i n  response t o  a ' l a r g e  f e d e r a l  investment i n  t he  biomass p r o j e c t  
i s  a l s o  something t h a t  has  t o  be cons idered .  Congress i s  about  t o  go through 
a t e r r i b l e  procedure i n  dec id ing  what kind of  p r i c e  suppor t s  f o r  c rops  t h a t  
we should have. Sec re t a ry  of Agr i cu l tu re  LC-!.gland, has  now proposed t h a t  we 
e n t e r  i n t o  some kind of c a r t e l  arrangement on wheat p r i c i n g .  Such an  a r range-  
ment won' t  work,' but  t h a t  i s  an a l t e r n a t i v e .  Bel ieve me, p o l i t i c i a n s  would 
s e i z e  upon biomass an a s  a l t e r n a t i v e  i f  t h e  s c i e n t i s t s  p resen ted  i t  t o  them 
a s  e possib.1e a l t e r n a t i v e .  

It seems t o  me, one who be l i eves  i n  t r a d e ,  t h a t  t h e  a l t e r n a t i v e  we 
have not  thought of i n  he re  i s  a  p o s s i b i l i t y  o f  s o  i nc reas ing  t h e  r e s t  of  
t h e  wor ld ' s  r e l i a n c e  upon us fo r ,  food t h a t  i n  e f f e c t  we would encourage o t h e r  
c o u n t r i e s  t o  devote  t h e i r  lands t o  t h e  product ion of  biomass o r  else devote  
themselves t o  t h e  r educ t ion  o f  f u e l .  We i n  t h e  United S t a t e s  can  r a i s e  grain 
b e t t e r  than  any o t h e r  count ry  can. I ' m  no t  s u r e  we can  r a i s e  biomass. 

I have come t o  t he  cons lus ion  t h a t  a  l o t  , o f  t h e  p a r t s  .of t h e  world 
where t h e r e  i s  heavy r a i n f a l l  and d i f f e r e n t  k inds  of  land a r e  probably b e t t e r  
equipped t o  c r e a t e  a  biomass f u e l  source  than  w e  a r e  i n  t h i s  coun t ry .  The 
Midwest r a i s e s  g r a i n  b e t t e r  t han  anyth ing  e l s e  and I would h a t e  t o  s e e  us 
foo l ing  wi th  our  e x i s t i n g  crop product ion system. 

MR. STROUD : M r .  sos land ,  I would- agree  w i t h  you. You have touched on t h e  
expor t  market p a r t i c u l a r l y .  I t h i n k  we would s e e  cons ide rab l e  r e s i s t a n c e  
from t h e  l i v e s t o c k  s e c t o r  t o  t h e  implementation of  a  .biomass program, par- 
t i c u l a r l y  i n  t h e  e a r l y  s t a g e s  of developing t h e  program p r i o r  t o  any l e v e l s  
of a  massive biomass educa t ion .  This  s e c t o r  of a g r i c u l t u r e  would view t h e  
product ion of biomass i n  terms of i t s  compet i t ion  w i t h  product ion of pas tu re s  
and g raz ing  lands and perhaps even o t h e r  fo rages  t h a t  t h e  l i v e s t o c k  s e c t o r  
r e q u i r e s  i n  o rde r  t o  cont inue  t o  s t a y  i n  bus ines s .  
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I n  making t h a t  s t a t e m e n t ,  rhough, I am impressed w i t h  t h e  f a c t  
t h a t  MRI  and o t h e r  people  who have worked I n  t h e  s t u d y ,  have n o t  made w i l l y -  
n i l l y  s u g g e s t i o n s  t h a t  a r e  bound t o  impinge on o t h e r  p e o p l e ' s  endeavors .  
Advocates o f  p o i n t s  o f  view t h e s e  days  a r e  wont ts do t h a t  s o r t  of t h i n g .  
A s  I l i s t e n e d  t o  t h e  c o n f e r e n c e  s p e a k e r s ,  I heard  a l lowances  and I heard  
warnings  and I heard  s u g g e s t i o n s  t h a t  bioma,ss p r o d u c t i o n  i s  something t h a t  
needs t h e  a t t e n t i o n  and c o n s i d e r a t i o n  o f  a l l  t h e  d i f f e r e n t  a g r i c u l t u r a l  
e n t e r p r i s e s .  Tha t  p l e a s e s  me v e r y  much. 

~t may s u r p r i s e  some o f  you t o  have t h e  c h i e f  e x e c u t i v e  o f f i c e r  
of t h e  Na t iona l  L i v e s t o c k  and Meat Board s a g  t h a t  we a r e  t r v i n g  t o  make the 
people  invo lved  i n  l i v e s t o c l c  p r o d u c t i o n  unde agtancl that i t  i s  n o t  w r i t t e n  
i n  t h c  scriptures t h a t  man s h a l l  produce '.ivestock and make a p r o f i t  t l rere- 
from,, always, a t  a l l  t i m e s .  y e t  my l o b  i s  Lo try and enhance t h e  f s c t n r s  
i n  t h e  consumer x a r k e t p l a c e  t h a t  wii, a s s u r e  t h a t  t h e  i n d u s t r y  i s  a b l e  t o  
produce L ives tock  a t  a  p r o f i . ~ ,  The meat i t ~ d u s t r y  i s  going to have t o  t a k e  
i n t o  c o n s i d e r a t i o n  t h a t  t h e r e  a r e  indeed food s h o r t a g e  problems, c a l o r i e  
shorts:-s problems, p r o t e i n  s h o r t a g e  problems, o t h e r  v i t a m i n  and m i n e r a l  
s h o r t a g e  problems around t h e  w o r l d .  And I ' m  n o t  s u r e  t h a t  t h e  l i v e s t o c k  
C ,. * t  ,,;L rileat i n d u s t r y  has  f u l l y  t a k e n  t h e s e  fn .. L L ~ G O  .., + c o n s i d e r a t i o n .  I d o n ' t  
t h i n k  t h a t  e v e r y  fa rmer  r e a l l y  u n d e r s t a n i s  L .  e c u r r e n t  s i t u a t i o n  and I want 
e v e r y  farmer  t o  unders tand  ii:. We w i l l  be - . . t i t e r  a b l e  t o  compete w i t h  t h e  
p---hlems we a r e  g ~ ~ i n g  t o  hz-re i.n t h e  marke tn lace  o v e r  t h e  n e x t  s e v e r a l  y e a r s  
i f  r l ~ e s e  f a c t s  a r e  unders tood .  

And s o  I t h i n k  t h a t  f o r c e s  operat i . :g  a g a i n s t  t h e  l i v e s t o c k  and 
mear i n d u s t r y ' s  hope and dream and perhaps  r i g h t  t o  grow and s e l l  a n  animal  . 
product  f o r  the American and f o r e i g n  marke tp lace  a r e  going t o  be pushing 
harder .  and h a r d e r  f o r  s u b s t i t u t i o n  0 4  t h o s e  animal  p roduc t s  by v e g e t a b l e  
p roduc t s .  We have a l r e a d y  s e e n  some s t u p i d  s t a t e m e n t s  coming o u t  o f  t h e  
S e n a t e  S e l e c t  Committee on N u t r i t i o n  and Human Needs i n  t h e  l a s t  s e v e r a l  
weeks. The s t a t e m e n t s  a r e  based on s t u p i d  a n a l y s e s  o f  s i t u a t i o n s  and t h e  
s t a f f  group of  t h e  Sena te  S e l e c t  Committee h a s  absorbed t h e s e  a n a l y s e s  and 
pu t  o u t  as gospe l  what i t  thought  i t  r e a d  i n  t h e  s c r i p t u r e s .  

MR. SOSLAND: David,  c a n  I s a y  f o r  t h e  m i l l i n g  and balcing p a r t  o f  t h e  i n d u s t r y ,  
we don'  t a g r e e ?  

MR. STROUD: Well ,  b u t  perhaps  you do a g r e e ,  because  we a r e  n o t  a g a i n s t  a  
v e g e t a b l e  d i e t .  A nut-grain-legume d i e t  would p rov ide  enough p r o t e i n  f o r  a  
human. Also  a d i e t  of n i n e  s l i c e s  o f  b read  and a q u a r t e r  cup  o f  peanut  
b u t t e r  and 2-112 cups  o f  s p a g h e t t i  and a q u a r t e r  o f  a  cup o f  E n g l i s h  w a l n u t s  
would g i v e  you a  p r e t t y  good p r o t e i n  ba lance  f o r  abou t  1 ,650 c a l o r i e s  a  day.  
1 f  you wanted t o  s w i t c h  o v e r  t o  a  f r u i t  and v e g e t a b l e  d i e t ,  you c o u l d  g e t  
about  t h e  same amount o f  p r o t e i n  as t h a t  by e a t i n g  abou t  1 3  l b  o f  f r u i t  and 
v e g e t a b l e s  and you would consume about  6 ,000 c a l o r i e s .  But i f  you would 



r a t h e r  j u s t  t ake  a  7-02 beefburger  and two g l a s s e s  of skim mi lk  f o r  540 
c a l o r i e s ,  you would have t h e  same p r o t e i n  balance.  This i s  where some of 

t he se  problems a r e .  

I want t o  express  t h a t  I t h i n k  t h e r e  a r e  very  s t r o n g  and reasonable  
fo rces  working t o  l i m i t  meat consumption i n  t he  United S t a t e s  and elsewhere.  
I f  l i m i t i n g  meat consumption ga ins  acceptance,  vacuums of in format ion  on vege- 
t a b l e s  w i l l  be c r e a t e d  which could be f i l l e d  by informat ion  supp l i ed  by t h e  
biomass people.  

MR. THEIS: Well, 1 ' m  kind of a  new boy i n  school .  I ' m  no t  a  s c i e n t i s t ,  1 ' m  
not  an economist,  I ' m  not a  r e sea rche r .  I was l a t e  t o  your meeting. I 
walked i n  j u s t  a s  I was being l e g i s l a t e d  ou t  of  bus iness .  You a r e  going t o  
c u t  o f f  the  expor t s .  I can  no longer  s e l l  feed g r a i n s  t o  the  f e e d e r s ,  t o  
t he  feed l o t s .  Now 1 ' m  e x c i t e d .  I have go t  t o  f i n d  a  way t o  e x i s t .  

Let me speak j u s t  a  minute t o  t h e  s u b j e c t  m a t t e r  t h a t  t h e  p ro fe s so r  
from A & M was t a l k i n g  t o  you a l l  about ,  market ing.  I guess t h a t  would by 
my long s u i t  here .  You a r e  going t o  have t o  develop t h i s  biomass, you a r e  
going t o  have t o  develop t h e  tonnage, and a l s o  you a r e  going t o  have t o  
develop t h e  end use of i t .  And we a r e  going t o  b e . t h e  handl ing p a r t i e s ,  I 
guess ,  o r  t h e  marketing arm. 

There a r e  t h r e e  ways t h a t  you can g e t  i n t o  biomass. The f i r s t  
way was mentioned by t h e  p ro fe s so r  from A 6 M. This way would be t o  s e l l  
biomass on what we c a l l  an i d e n t i t y  t o  preserve  b a s i s  which is  a  c o n t r a c t u a l  
b a s i s  between the  producer of biomass and t h e  u se r  of biomass. We, t h e  
market ing i n d u s t r y ,  would handle  it through our  system of g r a i n  e leva tors . ,  
warehouses, and such, bu t  w e  would' handle  it a s  " i d e n t i t y  t o  preserve ."  

, 
The second way t h a t  you could handle  t h e  market ing of 'b iomass  

would be on a  c o n t r a c t u r a l  b a s i s  such a s  t h e  way t h a t  popcorn is  con t r ac t ed  
today.  The popcorn processors  come t o  t h e  i n d m t r y  and a sk  us t o  go ou t  t o .  
t he  producers i n  our a r e a  and make up product ion c o n t r a c t s .  We make up t h e s e  
c o n t r a c t s  on an acreage b a s i s ,  not  on a  tonnage b a s i s ,  and then we handle it 

through from t h e r e .  We use a  margin of p r o f i t  f o r  our  a r e a  of s e r v i c e ,  which 
i s  handl ing,  s t o r age  and d i s t r i b u t i o n .  

There i s  a  t h i r d  way you can  handle  t h e  market ing of  biomass. ~ e t ' s  
assume t h a t  you have done a  f i n e  job and we have g o t  biomass coming ou t  of  
our  e a r s  and we have g o t  t o  have a  way t o  handle  it on a c o ~ n p e t i t i v e  market- 
i ng  b a s i s .  There a r e  a  l o t  of demands involved i n  t h i s  market ing.  Not on ly  
have you go t  biomass a l l  b u i l t  up and growing i n  one p lace ,  bu t  you have go t  
a  guy j u s t  begging f o r  t he  biomass i n  another  p lace .  So our  market ing system 
comes i n t o  func t ion  hope fu l ly  a s  a  f r e e  market and w e  then  have a  p r i c e  
mechanism t h a t  g e t s  i n t o  ope ra t i on  and l e v e l s  ou t  t h e  supply and demand o f  



t h e  biomass.  There  a r e  many f a c t o r s  t h a t  must be t a k e n  i n t o  c o n s i d e r a t i o n  
i n  t h i s  t y p e  of  m a r k e t i n g .  You j u s t  c a n ' t  deve lop  i t  o v e r n i g h t .  

I n  my e s t i m a t i o n ,  you a r e  go ing  t o  have t o  b r i n g  abou t  some way 
of c o n d u c t i n g  t h i s  b ~ i s i n e s s  w i t h i n  t h e  laws o f  t h e  l and .  You a r e  go ing  t o  
have t o  deve lop  and a p p l y  t r a d e  r u l e s .  You c a n ' t  s imply  s t a r t  t r a d i n g .  You 
a r e  going t o  have t o  have t r a d e  r u l e s ,  you a r e  go ing  t o  have t o  have a n  under-  
s t a n d i n g ,  you a r e  go ing  t o  have t o  have a n  a r b i t r a t i o n  sys tem,  you a r e  go ing  
t o  have t o  have some means o f  a n  a p p e a l  sys tem t o  t h e  a r b i t r a t i o n ,  you a r e  
go ing  t o  have t o  promote, p r o t e c t  and improve a  na t ionwide  sys tem of  g r a d i n g  
and e v a l u a t i o n  o f  biomass.  But p a r t i c u l a r l y  ynll arp gning t o  have t o  p r c -  
v e n t  undue government i n t e r v e n t i o n  i n t o  t h e  f r e e  e n t e r p r i s e  sys tem,  p a r t i c -  
u l a r l y  as  might  ~ p p l y  to t h e  bi.0111aou marlcce 3 y ~ t t i n .  

UK. LUWNZ: I ' m  i n  t h e  a g r i c u l t u r a l  p r o d u c t i o n  r e s e a r c h  p r o f e s s i o n .  For 
t h o s e  o f  you who d o n ' t  know where t h e  Nor the rn  G r e a t  P l a i n s  Research C e n t e r  
i s ,  It i s  a t  Mandan, North Dakota.  I have been t h e r e  f o r  a l l  o f  ~ny r e s e a r c h  
c a r e e r  working on t h e  f o r a g e  and range r e s e a r c h  p r o j e c t .  The f i r s t  20  y e a r s  
I was p a r t  of  a team t h a t  was based i n  t h e  17 w e s t e r n  s t a t e s  known a s  t h e  
a r i d  p a s t u r e  and range  r e s e a r c h  u n i t .  With t h e  r e o r g a n i z a t i o n  i n  1972, t h e y  
changed some boundar ies  and sudden ly  I went from b e i n g  t h e  most  humid o f  t h e  
a r i d  t o  t h e  most a r i d  of  t h e  humid. 

There  a r e  some a r e a s  of  t h p  c o u n t r y  where l e v e l s  o f  p r o d u c t i o n  may 
be h i g h  enough t o  j u s t i f y  biomass p r o d u c t i o n  f o r  e n e r g y  c o n v e r s i o n  w i t h  t e c h -  
nology t h a t  we now have.  As t ime  goes  by,  t echno logy  may improve i n  pro- 
duc t i o n ,  i n  convers  i u n ,  i n  t r a n s p o r t a t i o n ,  and in e v e r y t h i n g  e l ~ c  invo lved  
t o  expand t h c s c  areas. But Lased un my e x p e r i e n c e  i n  t h e  w e s t e r n  p a r t  o f  
Lhe Uni ted  S t a t e s ,  I b e l i e v e  t h a t  f o r  biomass p r o d u c t i o n  t h e  o l d  cow o u t  
t h e r e  roaming around g a t h e r i n g  up t h e  biomass i s  a  da rned  e f f i c i e n t  h a r v e s t e r .  
Times may change and c i r c u m s t a n c e s  may change,  b u t  a t  t h e  p r e s e n t  t ime  I d o n ' t  
b e l i e v e  t h e r e  a r e  many p o s s i b i l i t i e s  f o r  biomass c o n v e r s i o n s  i n  much o f  t h e  
w e s t .  There may be some un ique  s i t u a t i o n s .  I d o n ' t  want t o  p u t  a  p a i n t  
b rush  a p p l i c a t i o n  t o  t h i s ,  b u t  t h e r e  may be some un ique  s i t u a t i o n s  where 
i t  c a n  be worked o u t  w i t h  p r e s e n t  t echno logy .  

I t h i n k  one o f  t h e  t h i n g s  t h a t  w e  have t o  keep i n  mind i s  what 
t r a d e - o f f s  might  be n e c e s s a r y  i n  t h i s  whole e n e r g y  b u s i n e s s .  It looks  t o  
me a s  though we have g o t  food p r o d u c t i o n  and energy  p r o d u c t i o n  coming head- 
o n ,  

Being i n  p r o d u c t i o n  r e s e a r c h  f o r  t h e  l a s t  25 ,  26 y e a r s ,  w e  went 
th rough  a  c y c l e  where p r o d u c t i o n  r e s e a r c h  was a  migh ty  bad work and some of  
o u r  budgets  from t h a t  t i m e  showed i t ,  t o o .  The t h i n g  t h a t  has  t o  be remembered 
i n  a g r i c u l t u r a l  r e s e a r c h  i s  t h a t  you d o n ' t  come up w i t h  answers o v e r n i g h t .  
And one of  t h e  main s tems o f  3 u r  a g r i c u l t u r a l  p r o d u c t i o n  h a s  been some o f  t h e  



long-term re sea rch  c a r r i e d  on by s t a t e  u n i v e r s i t i e s ,  by t h e  a g r i c u l t u r a l  
r e sea rch  s e r v i c e  of  USDA, of which I am a  p a r t ,  and o t h e r  groups who have 
c a r r i e d  on long-term research .  

On a  shor t - te rm b a s i s  you can so lve  some problems r a t h e r  qu i ck ly .  
But when you a r e  working wi th  b i o l o g i c a l  systems o u t  i n  t h e i r  n a t u r a l  realm, 
l i k e  we a r e  wi th  c rop  p l a n t s ,  f o r age  and range m a t e r i a l ,  and anyth ing  e l s e  
grown, it t akes  t i m e .  It t akes  t i m e  t o  g e t  answers t h a t  a r e  r e l i a b l e .  

And t h i s  l eads  t o  another  thought t h a t  I have had i n  l i s t e n i n g  
t o  t h e  d e l i b e r a t i o n s  today. We can  make a  l o t  of p r e d i c t i o n s  based on p a s t  
h i s t o r y  of product ion,  but  w e  have t o  remember t h a t  t hose  a r e  averages ,  
t hey  a r e  based on p r o b a b i l i t i e s .  W e  can  e x t r a p o l a t e  those  t o  another  per iod 
of years  iu t he  f u t u r e ,  bu t  on o ycar- to-year  b a s i s  we have t o  l ive.  wi,th 
t he  product ion f o r  a  c u r r e n t  yea r .  This i s  what has  t h e  hay supply ,  t h e  
s t raw supply and t h e  sp r ing  graz ing  supply i n  much of t h e  nor thern  p l a i n s ,  
a s  we l l  a s  a  l o t  of t h e  rest of t h e  count ry ,  i n  r a t h e r  d i r e  s t r a i t s  f o r  t h i s  
coming sp r ing .  Right now i,n North and South Dakota you would be hard put 
t o  buy a  ton of s t raw.  Nobody i s  p a r t i n g  wi th  it i f  they have any. 

So these  a r e  some of t h e  t h ings  from t h e  product ion s t andpo in t  t h a t  
we have t o  t h ink  about .  I b e l i e v e  t h a t  t he  program a s  put t o g e t h e r  f o r  t h i s  
s e s s i o n  has covered some very  bas i c  and some very  important  a s p e c t s  of t h e  
problem. I th ink  t h a t  from t h i s  po in t  on we need t o  a l l  t h ink  c a r e f u l l y  
about what t h e  a l t e r n a t i v e s  a r e ,  what some o f  t h e  upcoming problems a r e  going 
t o  be. I t h ink  s o c i e t y  i n  gene ra l  i s  becoming more aware of what we may 
be f ac ing  i n  t h e  way of food and energy sho r t ages  i n  t h e  years  t o  come. . 

The energy s i t u a t i o n  i s  one of  t h e  a r e a s  where people who under- 
s tand  t h e  s i t u a t i o n  need t o  inform t h e  pub l i c .  I d o n ' t  imagine t h e r e  a r e  
any of you t h a t  l i v e  i n  neighborhoods t h a t  a r e  any d i f f e r e n t  t han  mine and 
t h a t  i s  t h a t  any time of the  day o r  n igh t  you might hea r  a  450 cubic  engine 
wind up a  p a i r  of foot-wide t i r e s  and leave  a  c loud over  two b lack  s t r i p s .  
You have t o  d r i v e  s e v e r a l  hundred mi les  a t  55 mi l e s  an hour t o  save enough 
f u e l  t o  l e t  him do t h a t  once. We haven ' t  go t  people convinced t h a t  t h e r e ' s  
a  problem. 

Now, when you cor~ie t o  t h e  a l t e r n a t i v e s  and you s t a r t  swapping 
food f o r  energy,  i t ' s  k ind  of l i k e  coming a t  t he  publ ic  w i th  a  2 x  4 between 
t h e  eyes.  And t h a t  might make some sense .  So I t h i n k  se s s ions  l i k e  t h i s  
where we d i s c u s s  biomass a s  an  energy a l t e r n a t i v e  can probably be o f  some 
b e n e f i t  i n  t he  end. 

DR. WARD: I have some 3D comments. That does no t  mean they  w i l l  be ea sy  
t o  perce ive .  That means t hey  a r e  d i s p a r a t e ,  d i s r u p t i v e ,  and d i s j o i n t e d .  I 
have made some notes  a s  we went and t h a t ' s  t h e  o r d e r  i n  which you a r e  going 
t o  g e t  them. 



Those t h a t  manage t h e  s o i l  and w a t e r  and g e n e t i c  r e s o u r c e s  a c r o s s  
o u r  c o u n t r y s i d e ,  c a l l  i t  a g r i c u l t u r e  and f o r e s t r y ,  have i n  t h e  p a s t  i n c o r -  
p o r a t e d  soybeans ,  sorghum, sunf lowers  i n t o  t h e i r  p r a c t i c e s  and systems.  
So on t h e  b a s i s  o f  o u r  p a s t  h i s t o r y ,  I t h i n k  we c a n  assume t h a t  some a d j u s t -  
ments can be and w i l l  be made i n  c u r r e n t  a g r i c u l t u r a l  p r a c t i c e s  t o  e n a b l e  
us t o  d e r i v e  energy  from biomass f o r  use  n o t  o n l y  i n  a g r i c u l t u r e  b u t  o u t s i d e  
o f  i t .  

I f  we a r e  t o  change c u r r e n t  a g r i c u l t u r a l  p r a c t i c e s  t o  e n a b l e  us  
t o  produce biomass we f i r s t  need to, d e f i n e  o b j e c t i v e s .  What i s  t h e  biomass 
f o r ?  I s  i t  f o r  use  w i t h i n  t h e  food f i b e r  and f o r e s t  product  systpms o r  f o r  

u s e  by i n d u s t r y ,  homes, and s o  on? T h i s  q u e s t i o n  was a l l u d e d  t o  i n  t o d a y ' s  
t a l k s .  I t h i n k  i t ' s  3 Y C ~ Y  o i g n j  f i c a n t  ~ l r ~ e s l - f u ~ ~ .  

YWU w i l l  recall Ur .  Moss 's  comment a s  he  was e x p l a i n i n g  some of 
t h e  r e s u l t s  o f  h i s  r e s e a r c h .  He had a problem i n  c a r r y i n g  o u t  some of  h i s  
a c t i v i t i e s .  A t  nnp p n i n t  i.n. h i s  resoaroh  hc ccll.lldnlt w o ~ k  u u  ~11e land due 
t o  r a i n .  That  s i t u a t i o n  re f lec ts  t h e  r.1 i m a t i . ~ ,  b i o l o g i a n l  and cesnanmic LIU- 

c e r t a i n t i e s  t h a t  we d e a l  w i t h  i n  any a g r i c u l t u r a l  endeavor  and t h e s e  unpre- 
d i c t a b l e  f a c t o r s  a r e  going t o  a f f e c t  biomass p r o d u c t i o n  j u s t  a s  t h e y  do any 
o t h e r  k ind o f  commodity p roduc t ion .  

I wondered about  some o f  t h e  r e f e r e n c e s  i n  t h e  speeches  t o  energy  
requ i rements  a s  r e l a t e d  t o  n u t r i e n t  needs.  Do p l a n t s  t h a t  y i e l d  more biomass 
r e l a t i v e  t o  o t h e r s  r e q u i r e  more n i t r o g e n  and phosphorus? And, i f  s o ,  w h a t ' s  
t h e  ba lance?  L f  p l a n t s  t h a t  y i e l d  more biomass do need more agr i -chemica l  
t h e n  t h c y  would r e q u i r e  more pet roleum from which t o  d e r i v e  t h e  n i t r o g e n  o r  
o t h e r  c h ~ m i c a l s .  

Changing t h e  v e g e t a t i o n  and management of m a r g i n a l  l and  may a l s o  
r a i s e  some env i ronmenta l  q u a l i t y  q u e s t i o n s .  I want t o  emphasize t h a t  we l i v e  
i n  a  one-vote ,  l a r g e l y  u rban  s o c i e t y  and t h a t  m a t t e r s  of impact on w i l d l i f e ,  
w a t e r  c y c l e ,  and s o  on, a r e  s i g n i f i c a n t  i s s u e s  today.  T l ~ e s e  impact m a t t e r s  
would be a p a r t  of t h e  mix i n  t h e  decis ion-making p r o c e s s  of biomass pro- 
d u c t i o n  on a  n a t i o n a l  s c a l e .  

Modern s c i e n t i f i c  l i t e r a t u r e  i n c l u d e s  l o t s  of r e f e r e n c e s  t o  re- 
combinant DNA r e s e a r c h ,  i . e . ,  t h e  t r a n s f e r  from one organism t o  a n o t h e r  o f  
h i g h l y  s e l e c t e d  p i e c e s  o f  g e n e t i c  mater ia .1  t h a t  i n t r o d u c e  i n t o  one o f  t h e  
organisms a  t r a i t  t h a t ' s  d e s i r e d .  What a r e  t h e  i m p l i c a t i o n s  o f  t h i s  o v e r  
t h e  l o n g  p u l l  f o r  something such  as biomass? I ts irnp1,ications f o r  food and 
wood produc t s  a r e  i n  t h e  same v e i n ,  I t h i n k .  

There  a r e  t h i n g s  t h a t  we f o r e s e e  on t h e  h o r i z o n  t h a t  w i l l  s i g n i f i -  
c a n t l y  i n f l u e n c e  o u r  c a p a c i t y  t o  produce food and perhaps  o u r  c a p a c i t y  t o  
produce biomass.  



We have heard r e f e r ence  t o  t h e  r ami f i ca t i ons  f o r  f o r e i g n  po l i cy ,  
t r a d e ,  defense ,  and humanitar ian a s p e c t s .  We qu ick ly  t a l k  about t h e  r o l e  
of  food s a l e s  and main ta in ing  a  balance of payments t h a t  a l lows us t o  pur- 
chase f o r e i g n  petroleum. Yesterday, I was among a  group i n  t h e  S t a t e  Depart-  
ment t a l k i n g  about an  i n t e r n a t i o n a l  s c i e n t i f i c  conference  f o r  1979 about  
s c i ence  and technology. f o r  development. And t h e r e  was c o n s t a n t  r e f e r ence  t o  
t h e  group of  77. The group of 77 a r e  t h e  77 underdeveloped n a t i o n s  t h a t  have 
t h e i r  minds set on doing some t h i n g s  about world economy. Our approach t o  
some of  t h e s e  i s s u e s ,  such a s  whether  o r  no t  we s e l l  g r a i n  f o r  use f o r  human 
food, w i l l  be markedly in f luenced  by t h e s e  kinds of  c o n s i d e r a t i o n s .  Those 
small  c o u n t r i e s  a r e  important  t o  us  i n  a  p o l i t i c a l  sense .  They a r e  p l aces  
from which we g e t  important  minera l s  a n d ' o t h e r  t h i n g s  t h a t  w e  r e q u i r e  f o r  
our  s o c i e t y .  

There i s  a  ques t i on  of  compet i t ion  f o r  wa te r .  We have a l r e a d y  
heard about t h e  water  t a b l e .  There a r e  urban and i n d u s t r i a l  demands on 
water .  There a r e  very  l a r g e  ques t i ons  about  water  requirements  f o r  energy 
product ion and processing.  How does t h i s  f i t  t h i s  whole biomass ques t i on?  
I t ' s  c l e a r l y  a  s i g n i f i c a n t  p a r t  of  t h e  p i c t u r e .  

I guess I have s a i d  t h a t  a g r i c u l t u r e  i s  both a  h igh ly  i n t e n s i v e  
energy u s e r  a s  w e l l  a s  a  p o t e n t i a l  energy producer.  Now, t h e  f o r e s t  products  
i n d u s t r i e s  a r e  about  46% energy s e l f - s u f f i c i e n t  and r e sea rch  i s  moving toward 
s i g n i f i c a n t l y  incrcoc ing  t h a t  percentage.  I have t h e  impression t h a t  ovr  
food process ing  i n d u s t r i e s  a r e  h i g h l y  dependent r i g h t  now on n a t u r a l  gas and 
t h a t  t h e r e  a r e  s e r i o u s  ques t i ons  a,bout t h e  con t inu ing  supply  of t h a t  gas .  
Now, i t ' s  of  v i t a l  importance t o  u s  a s  consumers t h a t  w e  have t h e s e  products  
processed and i t ' s  almost of equa l  importance t o  t h e  producer because t h a t ' s  
p a r t  of having a  market f o r  t h e i r  product.  

So I t h i n k  w e  need t o  r a i s e  t h e  q w s t i o n ,  what about t h e  use of  
a g r i c u l t u r a l l y  der ived  m a t e r i a l  by t h e  process ing  i n d u s t r y  i n  o r d e r  t h a t  t h e  
m a t e r i a l s  con t inue  t o  be processed? 

I g e t  on t h e  stump a  l i t t l e  b i t ,  I suppose, i n  terms of  t h e  na tu re  
o f  what my bus iness  is  about ,  t h e  planning and coo rd ina t ion  of a g r i c u l t u r e  
research .  I t h i n k  today has  emphasized what w e  should a l l  have known, t h a t  
t h e r e  i s  a  weal th  of know-how i n  a g r i c u l t u r e  s c i ence  r ega rd ing  process ing ,  
market ing and r ecyc l ing  technology of  t h i n g s  produced from t h e  land.  

There i s  a  new element in '  t h e  r e sea rch  a d m i n i s t r a t o r ' s  p r i o r i t i e s  
of  t h ings  t o  cons ide r  and t h a t  i s  t h e  m a t t e r  of u s ing  s o i l ,  wa te r  and par- 
t i c u l a r l y  g e n e t i c  resources  a s  w e l l  a s  o rganic  r e s idues  t o  y i e l d  energy. 
Now, w e  have had a  long h i s t o r y  of developing t h e  concept  w i t h i n  t he  a g r i -  
c u l t u r a l  r e sea rch  community. There was and s t i l l  is  a  b a s i c  under ly ing  theme 



t o  p rov ide  ample s u p p l i e s  o f  n u t r i t i o u s  food,  n a t u r a l  f i b e r  and wood p r o d u c t s  
o f  h i g h  q u a l i t y  a t  r e a s o n a b l e  c o s t s  t o  consumers and w i t h  a p p r o p r i a t e  r e t u r n s  1 

t o  p roducers ,  p r o c e s s o r s  and m a r k e t e r s .  

Now, what I t h i n k  we h e a r  today i s  t h a t  we may be add ing  a  new 
dimension t o  t h a t  b a s i c  c h a r g e  and r e s p o n s i b i l i t y  of a g r i c u l t u r e  s c i e n c e  
and t h a t ' s  t o  add t h e  word "energy." Now, i n c l u d e d  i n  t h i s  has been t h e  
c o n s e r v a t i o n  of n a t u r a l  r e s o u r c e s  needed t o  meet t h e  o b j e c t i v e  j u s t  c i t e d .  
I d o n ' t  t h i n k  w e  c a n  produce biomass o r  any o t h e r  commodity a t  t h e  p r i c e  o f  
t h e s e  n a t u r a l  r e s o u r c e s .  We d o n ' t  want t o  d e p l e t e  o u r  r e s o u r c e s  f o r  biomass 
any more t h a n  w e  do f o r  food.  I a l s o  t h i n k  we shou ld  c o n s i d e r  r e c r e a t i o n ,  
w i l d l i f e  h a b i t a t  and w i l d e r n e s s  p r e s e r v a t i o n .  Remember t h i s  l a r g e ,  u rban ized  
s o c l e t y  a t t a c h e s  g r e a t  s i g n i f i c a n c e  t o  t h e s e  t h i n g s .  They a r e  s i g n i f i c a n t  
p a r t s  01 w l m L  Lilt research a d m i u i ~ l r a L o r  has rn  tdkp i n t o  account i n  f i g u r i n g  
h i s  o b j e c t i v e s  and p r i o r i t i e s .  

And l a s t l y  I would make r e f e r e n c e  t o  r u r a l  communities and peop le  
development.  There h a s n ' t  been a whole l o t  s a i d  abou t  t h a t  today. We 
need t o  c o n s i d e r  t h e  e f f e c t s  o f  biomass p r o d u c t i o n  on economic sys tems i n  
t h e  r u r a l  communities and t h e  people  i n  t h e s e  communities.  These economic 
s i i t u a t i o n s  need t o  be t a k e n  i n t o  account  i f  we t a k e  any s t e p s  t h a t  w i l l  
s i g n i f i c a n t l y  modify o u r  p a t t e r n s  of managing o u r  a g r i c u l t u r e .  

I h a v e n ' t  h e a r d  any a d v o c a t e s  a t  t h i s  c o n f e r e n c e ,  b u t  t h e r e  a r e  
t h o s e  who s u g g e s t  a less energy- i .n tensive  a g r i c u l t u r e .  I f  we put  t h i s  i d t o  
o u r  mix, we have t h e  r e s u l t  t h a t  i f  we a r e  n o t  u s i n g  machines which a r e  
major  consumers of o u r  energy ,  t h e n  w e  must be c o n s i d e r i n g  u s i n g  human l a b o r  
and d r a f t  an imals .  And where w i l l  t h e y  corn from? And t h e n  i f  w e  r e a l l y  
throw d r a f t  an imals  back i n t o  t h e  mix i n  any s i g n i f i c a n t  way, what p a r t  
o f  our  a c r e a g e  a r e  we going t o  need f o r  an imal  f e e d ?  

I a l s o  wanted t o  comment on c o n t r a c t u a l  ar rangements  of biomass 
p roduc t ion .  It looks  t o  me l i k e  t h e r e  a r e  impl . i ca t ions  f o r  t h e  freedom o f  
i n d i v i d u a l  p roducers  i n  decis ion-making.  I b e l i e v e  t h e r e  a r e  each  t ime  we 
t a k e  t h o s e  s t e p s .  There  might  be b u i l t  i n t o  t h a t  some t r e n d s  toward c o r p o r a t e  
fa rming ,  which I w i l l  t e l l  you from f i r s t h a n d  e x p e r i e n c e ,  t h e  Congress o f  
t h e  United S t a t e s  a s  a  whole f i n d s  hor rendous .  Corpora te  farming i s  j u s t  
a  t e r r i b l e  t h i n g  t o  d e a l  w i t h .  1 t ' s  t h e  s m a l l  f a rmer  w i t h  which we a r e  
p r i n c i p a l l y  concerned.  

It seems t o  m e  t h a t  a q u e s t i o n  about  t h e  i n s u r a b i l i t y  o f  p roducers  
w i l l  come up i f  biomass becomes a n  a g r i c u l t u r a l  commodity. There a r e  i m p l i -  
c a t i o n s  f o r  f a n  l e g i s l a t i o n ,  I b e l i e v e .  We now t a l k  abou t  f l o o r  p r i c e s  f o r  
some of our  commodities and t h e  u n d e r l y i n g  c o n c e p t ,  I t h i n k ,  i s  t o  i n s u r e  
t h a t  our  fa rmers  d o n ' t  g e t  i n  t h e  p o s i t i o n  where t h e y  d o n ' t  have a n  adequa te  
income. So a r e  we go ing  t o  add biomass a s  a  component f o r  t h a t  l e g i s l a t i o n ?  



DR. BEADLE: My exper ience  i s  r e sea rch  from a bus iness  po in t  of  view. Over 
t h e  yea r s  I have developed a viewpoint t h a t  any suggested p r o j e c t  w i l l  f a i l  
i f  it i s n ' t  economic and it was from t h i s  viewpoint  t h a t  I l i s t e n e d  t o  t h e  
va r ious  papers .  They seemed t o  be r e sea rch ,  bu t  i f  t hey  a r e  no t  economic 
t hey  won't  succeed. 

We do have a problem, however, i n  t h e  f a c t  t h a t  80%.of  o u r  petroleum 
re se rves  w i l l  be used up i n  l e s s  t han  50 y e a r s .  We do have a problem i n  t h e  
f a c t  t h a t  h a l f  of  our  n a t u r a l  gas  w i l l  be gone i n  about  8 . y e a r s ,  a s  n e a r l y  
a s  w e  can  p r e d i c t .  And we do have t h e  problem t h a t  t h e  farmer i s  t h e  o n l y  
one us ing  s o l a r  energy and he uses  on ly  a very  l i t t l e  b i t  of  t h a t .  And 
when you look a t  t h e s e  energy product ion m a t e r i a l s  o r  biomass, t hey  a r e  an  
i ndu rec t  use of s o l a r  energy.  We have a problem of n a t u r a l  gas  f o r  f e r t i l i z e r  
manufacture . 

And s o  i n  looking a t  t h i s ,  i t  seems t o  me t h a t  we need t o  cons ide r  
a l l  of t he se  t h i n g s  i n  terms of  economics, because i f  t hey  a r e n ' t  economic, 
t hey  won't succeed. So having s a i d  t h a t  I w i l l  go on. 

Agr i cu l tu re  produces an  annua l ly  renewable supply  of m a t e r i a l .  
. We have marginal  l ands ,  w e  have undeveloped l ands ,  w e  have f o r e s t  l ands .  

1 ' m  t o l d  t h a t  t h e r e  a r e  t r e e s  t h a t  w i l l  mature on a 6-year b a s i s .  I can  
v i s u a l i z e ,  then ,  t h a t  t h e r e  might be 5 o r  10 a c r e s  he re ,  t h e r e , a n d  every- 
where where c e r t a i n  types  of t r e e s  would be used f o r  c e l l u l o s e  product ion,  
maybe even f o r  wood f o r  t h a t  farmer.  I n s t ead  o f  having t h e  gas  come t o  him 
through'  a p ipe ,  he  would r a i s e  h i s  own wood. 

I c a n  s e e ,  and I was p a r t i c u l a r l y  i n t e r e s t e d  i n  t h e  comments 
about t he  c a t t a i l s  t h i s  morning, because it always looked t o  me a s  i f  t hose  
darned th ings  grow where nothing e l s e  w i l l .  So I t h i n k  w e  should look a t  
t h ings  t h a t  w i l l  use  s o l a r  energy i n d i r e c t l y  where our  normal c rops  d o n ' t  
f i t .  That was what i n t e r e s t e d  me about D r .  MOSS'S d i s c u s s i o n  of t h e  c a t -  
t a i l s .  

Weeds grow everywhere and I wonder i f  people have looked a t  t hose  
a s  a cash  c rop ,  t h e i r  feed  va lue  and s o  on. And I wonder how many weeds we 
may be passing up a s  ca sh  c rop  producers ,  no t  a t  t h e  expense of  feed ,  not  
a t  t h e  expense of wheat,  bu t  i n  p l aces  where product ion  i s  marginal .  And 
t h a t  was t h e  one t h i n g  t h a t  I d i d n ' t  h e a r  about  today. 

Now, we need a l o t  of r e sea rch  t o  i n v e s t i g a t e  t h i s  major problem 
regard ing  energy and how biomass product ion could  a i d  i n  t h e  s o l u t i o n .  One 
of  t h e  t h ings  t h a t  we need t o  do i s  t o  convince t h e  American publ ic  t h a t  
t h e r e  i s  an  energy problem. Because t h e  energy problem i s  h e r e  and w i l l  
s t a y  w i t h  us .  I have seen  and you have seen  a l o t  of sawdust l o s t ,  a . l o t  
of wood c l i p p i n g s  l o s t  o r  burned o u t  i n  t h e  open, and t h e s e  were grown on 
land.  



And so  i n - s h o r t ,  then ,  I t h i n k  t h a t  we need t o  cons ide r  t he  use  
of  marginal  lands o r  fa l low lands a s  a poss ib l e  s o l u t i o n  f o r  t h e  energy 
problem because I d o n ' t  be l i eve  t h a t  any program of s u b s t i t u t i n g  weeds o r  
t r e e s  o r  what-have-you i n  a wheat f i e l d  i s  going t o  g e t  ve ry  much cons idera-  
t i o n  by the farmer.  I donl . t  b e l i e v e  t h a t  i f  you suggest  t o  him not  growing 
h i s  co rn  on a c e r t a i n  acreage  and us ing  it f o r  growing biomass t h a t  he w i l l  
a c t  on your sugges t ion .  You w i l l  have t o  do a l o t  of economic demonstrat ion 
before  t h e s e  landholders  w i l l  agree  t o  devote some land t o  biomass production. 

But i n  t h e  background . i s  t h i s  energy problem. I was reminded t h a t  
20 o r  25 years  ago a medical doc to r  brought me a brown paper bag and he wanted 
me t o  f i n d  o u t  what t h e  f a t  con ten t  was of t he  m a t e r i a l  i n  i t .  I looked i n  
t h e  bag and it was m a t e r i a l  I had never seen be fo re  and I s a i d ,  "hat i s  i t ? "  
He s a i d ,  "Well, it i s  something c a l l e d  sa f f lower .  I t h i n k  i t ' s  going t o  be 
a major c rop  one of t h e s e  days and I have been growing a l i t t l e  of  it and 
I would l i k e  t o  know ho t  i t  analyzes chemical ly."  Well,  you a l l  know what 
has happened t o  s a f f lower  s i n c e  then.  

So i n  t h a t  c o n t e x t ,  I ' m  g lad  t o  s e e  some a t t e n t i o n  being g iven  t o  
t h e  energy problem and how a g r i c u l t u r e  may a i d  i n  i t s  s o l u t i o n .  

MR. STROUD: D r .  Beadle, I agree  wi th  you t h a t  somebody may decide t h a t  we 
a r e  going t o  s t a r t  growing weeds and r o o t s  i n  t he  middle of whea t f i e ld s  and 
c o r n f i e l d s .  That bo thers  me a b i t .  

I n  h i s  speech,  B i l l  Black, s e t  up a p r e t t y  good s e r i e s  of models 
o r  a l t e r n a t i v e s  f o r  an  economic e n t e r p r i s e .  And theh  M r .  Hudson t o l d  us , 

what The Anderson's have done wi th  corn  cobs and I simply don ' t  s e e  a s  much 
of a problem i n  market ing a s  I thought I heard you, M r .  The is ,  s e t t i n g  up. 
I th ink  t h e  corn  cob process  sounds l i k e  a p r e t t y  good e n t r e p r e n e u r i a l  s t a r t -  
up t o  me. Many of  t he  problems t h a t  anybody e l s e  would f ace  were overcome. 
Do you s e e  more problems then? 

MR. THEIS: No, we d o n ' t  s ee  any problems i f  i t  i s  developed, r egu la t ed  and 
promulgated on a reasonable b a s i s  of where i t  can  be handled, by one of t h e  
t h r e e  marketing systems, by " i d e n t i t y  t o  preserve ,"  c o n t r a c t ,  o r  open f r e e  
market. There i s  no  problem i n  handl ing  i t .  Go ahead and develop it.  Get 
the  people t o  use i t .  We w i l l  be t he  middle man. And I d o n ' t  mean t h a t  
l i g h t l y .  I mean t h a t  we w i l l  be i n  t h e r e  t o  process  i t .  1 t ' s  going t o  have 
t o  be p e l l e t i z e d ,  i t ' s  going t o  have t o  be handled, i t ' s  going t o  have t o  be 
s t o r e d ,  i t ' s  going t o  have t o  be d i s t r i b u t e d .  There a r e  many, many f a c e t s  
i n  t h e  a r eas  t h a t  we work i n  t h a t  would f a l l  r i g h t  i n  p lace  wi th  t h i s  a s  a 
known c o m o d i t y  . 

MR. STROUD: Then I d i d  misunderstand what you s a i d ,  because I ag ree  com- 
p l e t e l y  wi th  t h a t .  



MR. BENSON: I would l i k e  t o  open t h e  d i s c u s s i o n  up t o  ques t i ons  from t h e  
audience.  

QUESTION: I would l i k e  t o  run back over  t h e  kenaf y i e l d  d a t a  a  l i t t l e  b i t .  
A s  I understand,  we a r e  tak ing  somewhere between 2 and 15 tons  per  a c r e  d r y  
weight ,  i s  t h a t  r i g h t ?  

DR. ALLEN: Yes, I would l i k e  t o  answer t h a t  one. Refer r ing  t o  USDA B u l l e t i n  
Number 13, t h a t  i s  where a l l  our  d a t a  came from. 

QUESTION: Okay. I have a  f r i e n d  who had t h e  i n t e r e s t i n g  exper ience  of work- 
i ng  on a  kenaf farm i n  Louis iana.  It was a  demonstrat ion f o r  a  major paper 
company.. They g o t  i n  t h e  upper range of  t h e  y i e l d  t h e  f i r s t  yea r ,  t h a t  i s ,  
t hey  were over  10 tons .  The second yea r  t h e  y i e l d  went down and by t h e  t h i r d  
year  t h e  nematodes had e a t e n  almost  a l l  of  t h e  kenaf .  

I would l i k e  t o  address  t h i s  ques t i on  t o  Dwight M i l l e r .  You people 
have been working on t r y i n g  t o  g e t  around t h e  nematode problem. Could you 
perhaps say  something about t h a t ?  

MR. MILLER: F i r s t  of a l l ,  t he  a r e a  t h a t  was shown where kenaf would grow 
o r  might grow was much too  broad. It w i l l  grow t h e r e  bu t  i n  no way w i l l  
kenaf compete w i th ,  say ,  corn  and soybeans i n  t h e  midwest un l e s s  i t ' s  on 
s t r i p  mined land where you c a n ' t  grow co rn  anyway. Therefare ,  t h e  r eg ion  
where you s a i d  kenaf would grow 1 ' m  s u r e  is  i n  e r r o r  because it would not  
be commercially f e a s i b l e  t o  do so .  There i s  no way you could t h i n k  of kenaf 
being grown t h e r e .  

I n  r e p l y  t o  t he  q u e s t i o n ,  t he  Department of Agr i cu l tu re  a t  i t s  
s t a t i o n  i n  Savannah, Georgia,  has a l r e a d y  developed a  s t r a i n  of kenaf- 
r o s e l l e  mixtures  which is  nematode r e s i s t a n t  and appa ren t ly  s o  nematode r e -  
s i s t a n t  t h a t  t hey  t e l l  us t h a t  w e  should no t  be concerned about  a  nematode 
problem wi th  kenaf i n  t h e  f u t u r e .  I n  o t h e r  words, kenaf can  be grown com- 
m e r i c a l l y  and can  be a  commercial c rop  where it i s  economical t o  do so .  

I would a l s o  l i k e  t o  mention quayule,  because I was s u r p r i s e d  t o  f i n e  
t h a t  Arizona, where some people  a r e  cons ide r ing  p l a n t i n g  quayule i n  t he  
United S t a t e s ,  was n o t  on your map. I n  f a c t ,  t h e r e  i s  under c o n s i d e r a t i o n  
something l i k e  a  10,000-acre a r e a  t h e r e  r i g h t  now. 

DR. ALLEN: 1 ' m  s o r r y ,  M r .  M i l l e r ,  I d i d n ' t  have t h a t  in format ion  a v a i l a b l e .  
I am c e r t a i n l y  g l ad  t o  i nc lude  i t .  

The Grea t  Bend a r e a  of Texas and C a l i f o r n i a  was where t h e  m a j o r i t y  
of t h e  prime a r e a  f o r  guayule was l oca t ed  a t  t h a t  t ime.  Now, t h e r e  wasn ' t  
any grown i n  Arizona i n  those e a r l y  war and postwar p l a n t i n g  d a t e s  and I 



based most of my i n f o r m a t i o n  on t h e  a r e a s  t h a t  t h e y  had s e l e c t e d  a t  t h a t  t ime.  
And i f  t h e r e  i s  new i n f o r m a t i o n  t h a t  has  come up abou t  i t ,  I ' m  s o r r y  I d i d n ' t  
i n c l u d e  i t .  

MR. MILLER: But t o  go back t o  k e n a f ,  I would j u s t  l i k e  t o  c l o s e  by s a y i n g  
t h a t  a s  f a r  a s  I know D r .  L i p i n s k y  was c o r r e c t ,  t h a t  t h e  kenaf  t h a t  had 
been grown i n  t h e  Uni ted S t a t e s  had been t a k e n  o v e r  and r u i n e d  by nematodes. 
But a t  t h e  p r e s e n t  t ime  t h e  agronomis t s  a t  t h e  Savannah s t a t i o n  i n s i s t  t h a t  
t h e y  have developed a  kenaf  s t r a i n  t h a t  w i l l  n o t  have a  nematode problem. 

QUESTION: I a d d r e s s  t h i s  q u e s t i o n  t o  D r .  Ward. 1 ' m  r e a c t i n g  t o  t h e  sugges- 
t i o n  M r .  s o s l a n d  made t h a t  we become t h e  b readbaske t  o f  t h e  wor ld ,  l e t  every-  
body r e l y  on us f o r  t h e i r  iood  and we i n  t u r n  c a n  t h e n  r e l y  on them f o r  energy .  
Is this something t h a t  you t h i n k  would be p o l i t i c a l l y  s t a b l e ?  

DR.  WARD: My view i s  t h a t  i t  would n o t  be p o l i t i c a l l y  s t a b l e .  

MR.,, STROe: M r .  Butz f e l t  v e r y  s t r o n g l y  t h a t  t h i s  t y p e  of b a l a n c e  o f  t r a d e  
was a  p o s s i b i l i t y  and I d o n ' t  t h i n k  he g o t  a  l o t  o f  s u p p o r t  f o r  t h a t  p o s i t i o n  
i n  t h e  depar tment .  I suppor ted  i t  because  I d i d n ' t  know much about  i t  and 
I l i k e  E a r l  Butz. 

DR. WARD: The o t h e r  s i d e  o f  t h e  c o i n  i s  t h a t  i n  a  s i g n i f i c a n t  measure t h a t  
i s  a  f a c t  a l r e a d y .  

MR. -...- STROUD: -.-- ... That we a r e ,  i n  f a c t ,  t r a d i n g  a  whale  o f  a  l o t  o f  food f o r  
energy  r i g h t  now? 

DR. WARD: Yes, b u t  i t ' s  no t  a n  advocated p o l i c y .  

MR. THEIS: No, b u t  t h a t  i s  t h e  g r e a t e r  p e r c e n t  o f  our  b a l a n c e  of payments, 
o u r  e x p o r t  agreements  w i t h  t h e  o f f s e t  o f  t.he c o s t  o f  pet roleum.   hat's a  
f a c t  today.  

MR. STROUD: I h e a r  t h e  q u e s t i o n  t o  b e ,  "Could i t  be p o l i c y  o r  should  it n o t  
be p o l i c y  t o  u s e  food s a l e s  abroad  a s  a  c l o u t ,  a s  a  c l u b ,  a s  a  p o l i t i c a l  
p o l i c y  of t h e  Uni ted S t a t e s . "  Is t h a t  t h e  q u e s t i o n  you a r e  a s k i n g  o r  t h e  
s t a t e m e n t  you a r e  making? Because i t  i s  n o t  now. As D r .  Ward s a i d ,  i t ' s  
k i n d  o f  unspoken. 

QUESTION: What I h e a r  i s  a  c o n t r a d i c t i o n  which s a y s  on t h e  one hand Japan 
w i l l  never  s t a n d  s t i l l  f o r  a minor ad jus tment  i n  o u r  e x p o r t s  a n d . o n  t h c  
o t h e r  hand a  recommendation t h a t  we put  e v e r y  n a t i o n  i n  t h e  world  a t  o u r  
mercy s o  t h e y  w i l l  a l l  be l i k e  Japan,  and I ' m  s a y i n g  t o . m y s e l f  i f  t h e y  have 
g o t  any s e n s e  t h e y  a r e  n o t  abou t  t o  s t a n d  s t i l l  f o r  t h a t . ,  



DR. WARD: My comment is  t h a t  t h a t  kind of t h i n g  i s  no t  p o l i t i c a l l y  sound, 
nor i s  i t  a  s t a t e d  p o l i c y  i n  t h i s  coun t ry  nor  eve r  w i l l  be. There a r e  some 

p r a c t i c a l  s i d e s  of  t h e  t h i n g ,  though, t h a t  w e  w i l l  use  t o  our  advantage,  
I th ink .  One such t h i n g  i s  our  c a p a c i t y  t o  produce t h i n g s  t h a t  o t h e r  people 
need i n  terms of  g e t t i n g  t h ings  back t h a t  w e  need. And I d o n ' t  know why 
everyone e l s e  i s n ' t  doing t h a t  same t h i n g .  I be l i eve  they  a r e .  

QUESTION: I d o n ' t  t h i n g  w e  should f o r g e t  t h a t  i t  i s n ' t  j u s t  energy and 
food t h a t  we a r e  t a l k i n g  about  when w e  t a l k  of  t h e  77 t h i r d  count ry  o r  t h i r d  
world c o u n t r i e s .  Before long our  own minera l  resources ,  some of  which a r e  
a l r eady  dep le t ed ,  a r e  going t o  f o r c e  us ,  even i f  w e  produce a l l  of our  energy,  
t o  d e a l  wi th  t he se  o t h e r  c o u n t r i e s  and p o l i c i t a l l y  we w i l l  have t o  d e a l  on 
t h a t  b a s i s .  

DR. WARD: I t h i n k . o u r  moral a t t i t u d e s ,  t o o ,  r e q u i r e  us t o  do t h a t .  

MR. STROUD: Mora l i ty  and uranium, t h a t  w i l l  do it r i g h t  t h e r e .  

I would l i k e ,  w i t h  your permission,  M r .  Chairman, t o  make a  wrap-up 
s ta tement ,  not  f o r  t h e  panel o r  t h e  day, but  f o r  a  ve ry  important  po in t  of  
view f o r  the  l i v e s t o c k  indus t ry  o f  t h e  United S t a t e s ,  which a t  t h e  moment i s  
a g r i c u l t u r e ' s  most important  producer.  

D r .  Lorenz, I heard you t a l k i n g  about  the.  cow a s  a  ruminant con- 
v e r t e r  and, i t s  e f f i c i e n c y ,  and i t ' s  a b s o l u t e l y  unquestioned t h a t  w i t h  an  
e x t r a o r d i n a r i l y  low l abo r  i npu t  and almost no energy inpu t  t h e  cow and h e r  
o f f s p r i n g  can t u r n  photosynthesis  i n t o  p r o t e i n ,  i n t o  i r o n , ' i n t o  z i n c ,  i n t o  
selenium and i n t o  B-12 and a l l  t h e  o t h e r  v i tamins  and minera l s  and good 
th ings  t h a t  beef and t h e  o t h e r  meats have. But t h e r e  i s  such a  push, and 
a t  t h e  moment i t ' s  a  l o t  of  t a l k ,  bu t  I see  p o l i c i e s  being made i n  t h i s  , 

count ry  and i n  o t h e r s  t o  move i n t o  a  more vegetable-based d i e t .  I t h i n k  
t h a t  t h e  excitement about biomass could  push t h a t  a  l i t t l e  f u r t h e r .  To r e -  
duce t he  n u t r i e n t s  of  animal o r i g i n  t h a t  a r e  consumed i n  t h e  P.S .  i n  par- 
t i c u l a r  t o  s i m i l a r  n u t r i e n t s  of vege tab le  o r i g i n  would r e q u i r e  about  two 
t imes the  i n p u t  from vege t ab l e s  t h a t  we g e t  from meat and would r e q u i r e  
a  s u b s t a n t i a l  po r t i on  of  t he  g r a i n  crop.   here's no doubt about  t h a t .  

Rut t h e  animal p r o t e i n  has twice t h e  va lue  of p l a n t  protein ' .  Of 
course ,  i t ' s  b e t t e r  p r o t e i n  t o  begin  w i th .  And t o  provide a  n u t r i t i o n a l l y  
adequate d i e t  j u s t  from vege tab les  would be d i f f i c u l t  t o  achieve on an ed-' , 

uca t iona l  b a s i s  a lone ;  i t  would be impossible .  I t h i n k  one of our p a n e l i s t s  
touched on t h a t ,  t oo ,  t o  educate  t h e  American people.  

But we simply cannot  f o r g e t ,  e i t h e r ,  t h e  p ig .  The nonruminant pig 
i n  t he  f ace  of t h i s  cha l l enge  i s  going t o  be having a  problem, I t h i n k ,  i f  
we make t h i s  move. We w i l l  k i l l  somewhere around 75 m i l l i o n  p igs ,  I suppose, 



i n ' s o m e  365-day p e r i o d  t h i s  y e a r .   hat's going t o  be no t  s imply a l l  o f  t h e  
meat t h a t  comes from i t  and a l l  t h e  h i d e s  and a l l  t h e  hooves and a l l  t h e  
g e l a t i n  and a l l  t h e  hog b r i s t l e s ,  b u t  i t ' s  going t o  be 75 m i l l i o n  p i t u i t a r y  
g l a n d s  and i t ' s  going t o  be 75 m i l l i o n  p h i a l s  o r  however many p h i a l s  of . 
h e p a r i n  you ge t  o u t  o f  t h a t  and i t ' s  going t o  mean l i v e s  o f  a  whale of a  
l o t  of d i a b e t i c s  saved i n  t h e  United S t a t e s  . j u s t  from t h e  c a t t l e  and hog 
s l a u g h t e r .  And t h e s e  t h i n g s  a r e  c o n s t a n t l y  s e t  a s i d e  o r ' n o t  observed o r  
f o r g o t t e n  o r ,  worse ,  i r r e s p o n s i b l y  c a s t  a s i d e  when many, many people  s t a r t  
d i s c u s s i n g  t h e  American d i e t  and t r y  t o  make me f e e l  g u i l t y  abou t  promoting 
i t  and t r y  t o  make you f e e l  g u i l t y  ,about e a t i n g  i t .  I t h i n k  t h e r e  a r e  some 
more t h i n g s  t h a t  have t o  be d i s c i i s s ~ r l ,  

DR.  WARD: I q u i t  s p e a k i n g  e a r l i e r  because  I dec ided  I had used t o o  much 
t i - m e .  B u t  my s t r a i . gh t - f rv s - t ho - shou ldc r  comment . i s  LllaL ~. t l r  r p 1  a t i r . 7 ~  om- 
p h a s i s  t h a t  I h e a r d  today  on m a r g i n a l  l a n d s  r e f l e c t e d  i n  p a r t  t o  me a  s e n s e  
of d i f f i c u l t i e s  i n  approach ing  nonmarginal  l a n d s  because  o f  t h e  p o l i t i c a l  
i m p l i c a t i o n s  o f  t h a t .  And s o  t h e  m a r g i n a l  l a n d s  t o  me  g o t  r e l a t i v e l y  a n  
undue empahsis and I r e g r e t  t h a t .  

What a l l  t h i s  a l s o  i n d i c a t e s  i n d i r e c t l y  t h a t  somehow o r  o t h e r  a n i -  
mal a s p e c t s  uf food p r o d u c t i o n  may be lower on t h e  to tem p o l e  i n  terms o f  
p r i o r i t i e s  t h a n  t h e  p o s s i b i l i t i e s  o f  biomass p roduc t ion .  I d o n ' t  know t h a t  

J : 

I want t o  g e t  i n  t h e  p o s i t i o n  o f  s u b s c r i b i n g  t o  e v e r y t h i n g  M r .  S t roud  s a y s ,  
.bu t  t h e r e ' s  food f o r  thought  i n  t h a t  i d e a .  



CORN PRODUCTION PRACTICES 

D r .  T. A .  McClure 

B s t t e l l e  Columbus Labora to r i e s  

I would l i k e  t o  t a l k  about t h e  a g r i c u l t u r a l  product ion and c o s t  as- 
pec t s  of corn a s  a  p o t e n t i a l  biomass crop.  My p r e s e n t a t i o n  w i l l  be  a  very  
b r i e f  summary of t h e  s e c t i o n  of B a t e l l e ' s  biomass r e p o r t  e n t i t l e d  "A Systems 
Study from Sugar Crops and Corn." 

The major t o p i c s  of d i scuss ion  inc lude  (1) an overview of U.S. - 
corn product ion,  (2 )  p r e s e n t a t i o n  of a g r i c u l t u r a l  a s p e c t s  of va r ious  a l t e r -  
n a t i v e s  of us ing  corn a s  an  energy feeds tock ,  and (3)  a rough assessment 
of t h e  energy balance of t h e o r e t i c a l  energy o u t p u t - i n p u t . r a t i o s  a s s o c i a t e d  
wi th  U.S corn product ion.  

Corn f o r  a l l  purposes was harves ted  on an annual average of 79 
n i i l l ion  a c r e s  between 1974 and 1976. Eighty-six percent  of t h i s  land was 
used t o  prcduce g r a i n ' a n d  13% was used t o  produce s i l a g e .  

Grain y i e l d  between 1974 and 1976 averaged 82 bushe ls  p e r  a c r e  
f o r  t h e  e n t i r e  United S t a t e s  wi th  an  average annual  t o t a l  product ion of ap- 
proximately 5.6 b i l l i o n  bushels .  The leading  corn g r a i n  producing s t a t e s  
tnc lude  Iowa, I l l i n o i s ,  Ind iana ,  an3 Nebraska, and toge the r  t h e s e  s t a t e s  
c o n t r i b u t e  about 60% o f . a l l 1 J . S .  corn g r a i n  product ion.  

This  map i n  F igure  1 i n d i c a t e s  t h e  l o c a t i o n  of co rn  g r a i n  pro- 
duc t ion  i n  1969. Note t h a t  t h e  a r e a  harves ted  i n  1969 was only about 53 
m i l l i o n  a c r e s  compared wi th  over 71 m i l l i o n  a c r e s . h a r v e s t e d  t h i s  p a s t  year  
i n  1976. However, t h e r e  has  been r e l a t i v e l y  l i t t l e  change i n  t h e  l o c a t i o n  
of corn g r a i n  i n s o f a r  a s  I ,can t e l l  dur ing  t h e  p a s t  7  y e a r s ,  s o  
I r e a l l y  do no t  t h ink  t h e  product ion p a t t e r n  ind ica t ed  on t h i s  map would be  
changed t o  any s i g n i f i c a n t  degree. 

The average U.S. corn s i l a g e  y i e l d  was 10.8 tons  pe r  a c r e ,  and 
t h i s  on a  f r e s h  weight b a s i s  between 1974 and 1976. This  was not  dry weight.  
Product ion of s i l a g e  i s  more spread  ou t  than corn g r a i n  and only 36% of t h e  
t o t a l  product ion of corn s i l a g e  was accounted by f o u r  l ead ing  s t a t e s  of 
Wisconsin, Iowa, Minnesota and New York. T o t a l  annual  product ion of s i l a g e  
ranged from 110 t o  116 m i l l i o n  tons  from 1974 t o  1976. And aga in  I want 
t o  emphasize t h a t  t hese  y i e l d s  of product ion a r e  f o r  s i l a g e  a s  i t  goes i n t o  
t h e  s i l o ,  which i s  a t  a  moisture content  of about 65%. 
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There a r e  f o u r  o t h e r  s t a t e s  t h a t  do n o t  c o n t r i b u t e  a  l a r g e  volume 
of e i t h e r  g r a i n  o r  s i l a g e .  However, they do o b t a i n  h igher  than average 
y i e l d s .  These s t a t e s  a r e  C a l i f o r n i a ,  Washington, Texas and Colorado. The 
average y i e l d  f o r  t h e s e  s t a t e s  between 1973 and 1975 was 99.3 bushe ls  pe r  
ac re .  And i t  should be noted t h a t  t hese  y i e l d s  a r e  achieved under i r r i g a t e d  
condi t ions .  I n  some of t h e  midwest co rnbe l t  s t a t e s ,  such a s  I l l i n o i s ,  t h e r e  
a r e  c e r t a i n  yea r s  when they ,  of course,  have g o t t e n  average s t a t e  y i e l d s  
w e l l  over 100 bushe ls  pe r  ac re .  

I f  you j u s t  do a  very s imple e x t r a p o l a t i o n  of p a s t  t r ends  over  t h e  
p a s t  25 yea r s  and look a t  some of t h e  corn performance t e s t s  i n  va r ious  s t a t e s ,  
t h e  average co rnbe l t  y i e l d s  ( p r i n c i p a l l y  i n  I l l i n o i s  and Iowa) might approach 
t h e  neighborhood of 150 t o  160 bushe ls  p e r . a c r e  by t h e  yea r  2000, which would 
be approximately an annual  average growth r a t e  of about 2.3% pe r  year .  S i l a g e  
y i e l d s  might reach 18  tons  pe r  ac re .  However, t h e s e  p r o j e c t i o n s  a r e  based on 
t h e  assumption t h a t  t h e  good crop weather  t h a t  t h e  U.S. has  enjoyed over 
t h e  p a s t  20 o r  30 yea r s  w i l l  cont inue.  However, I t h i n k  t h e r e  a r e  some in-  
d i c a t i o n s  t h a t  weather p a t t e r n s  might be changing and t h a t  crop growing con- 
d i t i o n s  may not  be  a s  f avo rab le  a s  we have been experiencing.  

We looked a t  t h r e e  a l t e r n a t i v e s  f o r  us ing  corn a s  an energy o r  
i n d u s t r i a l  feedstock.  These inc lude  f i r s t ,  us ing  s i l a g e  t o  produce sub- 
s t i t u t e  n a t u r a l  gas ,  second, us ing  corn g r a i n  t o  produce e t h y l  a l coho l ,  
and t h i r d ,  us ing  t h e  crop r e s idues  a f t e r  t h e  g r a i n  has been taken o f f  t o  
produce e i t h e r  s u b s t i t u t e  n a t u r a l  gas o r  ammonia. We might a l s o  produce, 
I b e l i e v e ,  f u r f u r a l  a s  we l l .  

Th i n v e s t i g a t i o n  of t h e s e  t h r e e  a l t e r n a t i v e s  requi red  t h a t  we 
determine (1) t h e  es t imated  c o s t  of producing corn g r a i n  s i l a g e  a n d ' r e s i -  
dues i n  s e l e c t e d  reg ions  of t h e  United S t a t e s ,  (2) t h e  d e n s i t y  of product ion 
i n  t hese  reg ions ,  (3) t h e  c o s t s  a s s o c i a t e d  wi th  co l l ec . t i ng  and d e l i v e r i n g  
t h e  corn biomass t o  a  process ing  f a c i l i t y ,  and (4) t h e  va lue  of corn s i l a g e  
and corn r e s idues  a s  a  feeds tock  when weighed a g a i n s t  i t s  va lue  a s  a  feed 
ing red ien t .  

An important p o i n t  I w a n t ' t o  emphasize is  t h a t  whether o r  no t  t h e  
g ra in  s i l a g e  o r  r e s idues  i s  eve r  used a s  an energy feeds tock  depends on t h e  
p r i c e  t h a t  energy producers  a r e  w i l l i n g  t o  pay and t h a t  p r i c e  w i l l  c e r t a i n l y  
a t  t h e  very minimum have t o  equal  t h e  p r i c e  commanded i n  t h e  convent ional  
feed  and food uses  f o r  corn. However, a s  anyone f a m i l i a r  wi th  a g r i c u l t u r e  
knows, t h e  commodity market p r i c e s  can vary  tremendously over  a  s h o r t  per iod  
of t ime and, t h e r e f o r e ,  our  a n a l y s i s  i s  based on es t imated  product ion c o s t s  
p lus  some r e t u r n  t o  management i n  o rde r  t o  d e r i v e  t h e  approximate p r i c e  t h a t .  
energy and chemical producers  might have t o  pay f o r  corn biomass a s  a  feed- 
s t o c k  m a t e r i a l .  



Our f i r s t  a l t e r n a t i v e  was t o  use corn s i l a g e  t o  produce s u b s t i t u t e  
n a t u r a l  gas .  S i l a g e  is  grown i n  a l l  mainland s t a t e s  from a  low of around 
3,000 a c r e s  i n  Nevada up t o  over  a  m i l l i o n  a c r e s  i n  South Dakota. Average 
y i e l d s  on a  f r e s h  weight  b a s i s  range ,from about 5  t ons  pe r  a c r e  i n  t h e  
Dakotas up t o  approximately 20 tons  p e r  a c r e  i n  i r r i g a t e d  a r e a s  such a s  

t h e  P a c i f i c  c o a s t .  The dry m a t t e r  con ten t  of s i l a g e  v a r i e s  between 30 and 
35%, which means t h a t  d ry  biomass product ion  p e r  a c r e  runs  between 1 .7  and 
1 t o n s .  Now, under optimum cond i t i ons  and very  h igh  y i e l d s  a  maximum of 
perhaps 8 t o  10 d ry  t ons  of d ry  corn  p l a n t  biomass can be  produced. 

Southern Wisconsin. Tndiana, t h e  ~ a l i i o r n i a  San .Tnaqiiin Val.! ~y and 
t h e  Texas h igh  p l a n s  were fou r  regioris s e l e c t e d  f o r  a n a l y s i s  of corn sil..age 
product ion c o s t s .  These reg ions  exemplify t h e  va r ious  cvnd i t i ons  under which 
corn  s i l a g e  i s  produced and t h e  l i l ce ly  range of cos t s .  Also a l l  of t h e  reg ions  
a r e  r e l a t i v e l y  c l o s e  t o  s u p p l i e s  of e i t h e r  sewage s ludge  o r  manure which would 
be necessary  f o r  t h e  fe rmenta t ion  process  i n  manufacturing s u b s t i t u t e  n a t u r a l  
gas .  These r eg ions  a r e  no t  in tended  t o  be  recommended l o c a t i o n s  f o r  p l a n t s .  
They a r e  merely in tended  t o  i n d i c a t e  some p o s s i b l e  v a r i a b i l i t y  t h a t  might 
occur  i n  s i l a g e  product ion  c o s t s .  Maybe some o t h e r  re igons  should he  ex- 
amined a s  w e l l ,  ,but  f o r  t h e  sake  of t i m e  and funds w e  decided t o  s e l e c t  
t h e s e  four .  

Cur ren t ly  t h e  d e n s i t y  of p roduct ion  f o r  t h e  f o u r  s i l a g e  r eg ion  
ranges from a  h igh  of 78  t ons  p e r  square  m i l e ,  t h i s  i s  on a  dry  b a s i s  i n  
Wisconsin, t o  a  low of about 20 tons  p e r  squa re  m i l e  i n  Ind iana  ( s ee  Table  

l j .  Here I want t o  make t h e  po in t  t h a t  our  a n a l y s i s  i s  based on t h e  cu r -  
r e n t  p a t t e r n  of a g r i c u l t u r a l  p roduct ion  i n  which corn i s  grown on f a m i l y  
farms and n o t  on massive p l a n t a t i o n s .  Although corn could c e r t a i n l y  be  
growri on p l a n t a t i o n s  such a s  sugarcane i s ,  t h i s  would r e q u i r e  some fun- 

damental s t r u c t u r a l  changes i n  mid-western farming p r a c t i c e s  where corn 
i s  convent iona l ly  r o t a t e d  wi th  soybeans,  a l f a l f a  and some type  of sma l l  
g r a in .  

A t  any r a t e ,  assuming t h e  c u r r e n t  productiorl  d e n s i t i e s ,  t h e  aver- 
age haul ing  r a d i u s  one-way d i s t a n c e  r equ i r ed  t o  supply approximately 500,000 
tons  of s i l a g e  on a dry  weight b a s i s  t o  a  process ing  p l a n t  v a r i e s ,  between 
32 and 63 mi l e s  ( s ee  Table 1 ) .  Now, n a t u r a l l y  i f  your processing p l a n t  
were t o  be  b u i l t  us ing  corn s i l a g e ,  p roduct ion  i n  t h e  a r e a  surrounding t h s  
p l a n t  might i n c r e a s e  s u b s t a n t i a l l y  i f  t h e  s i l a g e  p r i c e  were s u f f i c i e n t l y  
h igh  t o  earn  t h e  grower a reasonable  p r o f i t .  

The c o s t s  of producing s i l a g e  i n  t h e  fou r  reg ions  a s  shown i n  
Table 2  va r i ed  widely on a  per  a c r e  b a s i s  from about $161 per a c r e  i n  

sou the rn  Wisconsin t o . $ 4 2 8  p e r  a c r e  i n  Texas. These c o s t s  a r e  based on 
d a t a  supp l i ed  by t h e  USDA Firm E n t e r p r i s e  Data System of budgets and a l s o  
from budgets developed by Texas A&M Un ive r s i t y  f o r  t h e  Texas a r e a .  Note 
t h a t  t h e  d i f f e r e n c e  of c o s t s  among t h e  f o u r  reg ions  on a  pe r  ton  produced 



TABLE 1 

ESTIMATED DENSITY OF CURRENT CORN SILAGE PRODUCTION, 1973-75 AVERAGES 

Dry Basis Hypothet ica l  Average 
Product i o  Area t o  Supply Hau l i ng  
Densi ty ,  Pa) 500,000 tons, Radius, ( b )  

Region tons/sq. mi. sq.  m i .  m i  1 es 

Southern Wisconsin 78.3 6,386 32 

Ind iana 20.2 

Cal i f o r n i a  San Joaquin Val l e y  39.7 

Texas Panhandle 21 .O 23,809 61 

(a)  Ash-free f rom s i  1 o, a f t e r  .adjustment f o r  s torage loss .  
(b )  Average hau l i ng  rad ius  = 0 . 7 - ~  where R = r a d i u i  o f  c i r c l e .  



TABLE 2 

MAJOR COMPONENTS OF ESTIMATED PRODUCTICN COSTS FOR COEN SILP~GE 
BY SELECTED REGION, 19.76 

Texas Cal i f o r n i  a  San 
So t thwes t  Panhandle ,  Coaquin Val l e y ,  
Wisconsin Ind iana  i r r i g a t e d  i r r i g a t e d  

Yie ld  
(Tons/Acre,  Fresh Weight) 

P r e h a r v e s t  Va r i ab l e  Cos ts  

Harves t  and Hauling Var i ab l e  
Cos ts  

Machinery Owners h ip  Cos ts  

Land Charge 

Management Charge 

To ta l  ($/Acre)  
To ta l  ($/Ton) 

- - - - - -  $ Per  Acre - - - - - ' -  - - - - 

( a )  After c r e d i t  a.djustment f o r  double-cropping.  



b a s i s  narrows cons iderably  and a f t e r  a d j u s t i n g  c o s t s  downward f o r  a pos- 
s i b l e  double cropping i n  C a l i f o r n i a ,  t h i s  reg ion  becomes the  lowest  cos t  
a r e a  a t  around $14 pe r  ton. Although t h e  c o s t s  per  a c r e  i n  C a l i f o r n i a  
under a h igh  l e v e l  of management-irrigated system a r e  q u i t e  h igh ,  t h e  
y i e l d s  a r e  a l s o  cons iderably  g r e a t e r  than  under t h e  n o n i r r i g a t e d  cond i t i ons .  

An important  f a c t o r  i n  determining t h e  p o t e n t i a l  va lue  of corn 
s i l a g e  a s  an energy feeds tock  i s  i t s  feed  va lue .  Under favorable  land  and 
c l i m a t i c  cond i t i ons  t h e r e  i s  no o t h e r  feed  crop t h a t  w i l l  produce more 
d i g e s t i b l e  energy pe r  a c r e  than corn s i l a g e .  One ton  of f r e s h  s i l a g e  i s  
gene ra l ly  s a i d  t o  be worth about one-third i t s  va lue  of t h e  same q u a n t i t y  
of a l f a l f a  hay. On t h i s  b a s i s  t h e  c u r r e n t  feed  va lue  of s i l a g e  based on 
hay p r i c e s  i n  t h e s e  reg ions  ranges from about 2.9C per  l b  i n  southern  
Wisconsin up t o  a h igh  of about 3.8C p e r  Ib i n  t h e  San Joaquin Valley ( see  
Table 3 ) .  This provides another  b a s i s  f o r  t h e  es t imated  p r i c e  t h a t  would 
have t o  be  pa id  by t h e  chemical producer u t i l i z i n g  s i l a g e  a s  a raw mate- 
r i a l  feedstock.  

The second a l t e r n a t i v e  f o r  f u e l s  from biomass might be t o  u t i l i z e  
corn g r a i n  t o  produce e t h y l  a lcohol .  Corn g r a i n  is  produced i n  v i r t u a l l y  
every s t a t e  ranging from about 10,000 a c r e s  i n  Montana t o  over  12 m i l l i o n  
a c r e s  i n  Iowa. Average s t a t e  y i e l d s  vary  from about 33 bushels  pe r  a c r e  
i n  Arizona t o  over 100 bushe ls  pe r  a c r e  i n  I l l i n o i s .  Some growers have 
recorded y i e l d s  exceeding 200 bushes1 p e r  acre .  Corn g r a i n  product ion is  
repor ted  i n  56 l b  bushe ls  and, t h e r e f o r e ,  100 bushe ls  pe r  a c r e  is  equiv- 
l e n t  t o  2.8 t ons  of g ra in .  The bushe ls  a r e  r epo r t ed  i n  terms of a 15-112% 
moisture content  s o  on t h e  dry b a s i s  100 bushe l  per  a c r e  would be equiv- 
a l e n t  t o  2.4 tons  pe r  acre .  

Four d i f f e r e n t  reg ions  were chosen t o  exemplify corn g r a i n  pro- 
duc t ion  c o s t s .  These reg ions  a r e  shown on t h e  maps i n  Figure 2 .  The 
I l l i n o i s  and Iowa reg ions  shown on t h i s  map r e p r e s e n t  t y p i c a l  c o s t s  i n  
t h e  Iowa corn b e l t  and t h e  Texas and Nebraska reg ions  r ep re sen t  c o s t s  of 
y i e l d s  on i r r i g a t e d  land.  These reg ions  a r e  a s  def ined  w i t h i n  t h e  USDA's 
Firm En te rp r i s e  Data System and Crop Budgets, a l though t h e  Texas d a t a  was, 
a s  prev ious ly  mentioned, developed on budgets developed by Texas A&M Uni- 
v e r s i t y .  

The h y p o t h e t i c a l  average one-way hau l ing  d i s t a n c e  based on t h e  
dens i ty  of product ion r equ i r ed  t o  supply a m i l l i o n  tons  pe r  yea r  t o  an e t h y l  
a l coho l  f a c i l i t y  ranges from about 12 mi l e s  i n  t h e  e a s t  c e n t r a l  I l l i n o i s  

reg ion  t o  about 58 mi les  i n  t h e  Texas panhandle ( s ee  Table 4) .  Again 
t h i s  i s  based on t h e  cu r r en t  p a t t e r n  and d e n s i t y  of g r a i n  product ion  i n  each 
o f ' t h e s e  reg ions .  These f i g u r e s  assume a 100% cap tu re  r a t e  of a l l  g r a i n  
product ion,  which, of course ,  is  u n r e a l i s t i c .  I t h i n k  M r .  Hudson noted 



TABLE 3 

ESTIMATED YIELD AND DELIVERED COSTS OF CORN SILAGE, 
PER POUND OF ASH-FREE DRY WEIGHT 

Est imated -eed 
Y i e l  d/P.cre, Costs /Lb,  Vai ue o f  S i l a g e ,  ( b )  

Region l b s  c e n t s  c e n t s  

Southwest Wisconsin 5,888 2.72 2.91 

Ind i ana  8,244 2.74 2.91 
Texas Panhandle 14,131 3.02 3 .13  

C a l i f o r n i a  San Joaquin  Val ley  (a)  14,720 2.39 3.78 

( a )  Assumes double-cropping would be p r a c t i c e d .  
( b )  Es t ima te  based on ave rage  1976 va lue  o f  a l f a l f a  hay d i v i d e d  by  t h r e e .  
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TABLE , 4  

3TIMATED DENSITY OF CORN GRAIN PRODUCTION 
IN SELECTED REGIONS 

Area Requirec t o  Hypothetical 
Production 

(b )  
Supply 1,000 ,COO Average 

( a >  
Dens i t y  , Tons, Haul ing Radius, 

Region tons/sq.  m i  1 e sq. miles m i  1 e s  

East Central I l l i n o i s  1046 9 56 12.3 

Central Iowa 896 1 ,I 16 13.3 

South Central Nebraska 333 3,003 I 21.9 

Texas High Pla ins  48 20,833 57.6 

( a )  Estimated squa;-e m i  1 e s  i n  designated areas :  
East Cent-a1 I l l i n o i s  16,000 
Central Iowa 20,000 
South Cen:ral Nebraska 11,SOO 
Texas High Pla ins  8,100. 

(b )  Grain tonnage a t  15.5% moisture content .  



yes te rday  t h a t  t h e r e  a r e  going t o  be some farmers who a r e  going t o  b r i n g  
t h e i r  corn o r  t h e  cobs o r  whatever you a r e  t a l k i n g  about i n  from c l o s e  
by, bu t  then  you w i l l  have o t h e r s  t h a t  might d e l i v e r  them from a much fur -  
t h e r  r ad ius .  But anyhow, our  f i g u r e s  provide  a t  l e a s t  an i n i t i a l  e s t i -  
mate of minimum haul ing  d i s t ance .  

I t  was i n t e r e s t i n g  t o  no te  t h a t  based on t h e  USDA Crop Budgets 
f o r  each of t h e s e  reg ions  t h a t  south  c e n t r a l  Nebraska was t h e  l e a s t  expen- 
s i v e  a r e a  t o  produce corn both on a  pe r  a c r e  and a  per  t on  b a s i s ,  and t h i s  
i s  somewhat s u r p r i s i n g .  I t h i n k  i t  i s  based on t h e  average y i e l d  r epo r t ed  
f o r  t h i s  yes r .  Iowa has t h e  h ighes t  c o s t  pe r  ton  b a s i s .  However, a l l  of 
t hese  f i g u r e s  shown i n  'Table 5 a r e  t he  r e l a t i v e l v  low c o s t  a r e a s  compared 
t o  o t h e r  p a r t s  of t h e ' u n i t e d  S t a t e s .  The Iowa y i e l d s  a r e  a l s o  h ighe r  due 
t o  t h e  high land  charges t h a t  a r e  i ncu r red  i n  t h a t  s t a t e .  

The land  charges a r e  somewhat d i f f i c u l t  t o  e s t ima te ,  bu t  they  a r e  
gene ra l ly  based on e i t h e r  a cash r e n t a l  va lue  f o r  t h e  land o r  t ak ing  t h e  
product of t h e  land  pe r  a c r e  t imes an i n t e r e s t  r a t e .  For example, i f  t h e  
land  would be valued a t  $1,500 pe r  a c r e  and t h e  i n t e r e s t  r a t e  on a  Fede ra l  
Land Bank loan i s  8%, why, t h e  es t imated  land charge per  a c r e  would be $120. 
Of course ,  when t h e  farmer a l r eady  owns h i s  land ,  he might no t  a c t u a l l y  
charge himself f o r  t h i s ,  b u t  i t  is over t h e  long run  t h a t  a  c o s t  has  t o  be 
considered.  Table - shows t h e  es t imated  corn g r a i n  product ion cos t s .  And 
aga in  I want t o  emphasize t h e s e  numbers a r e  based on averages f o r  each re- 
gion,  they a r e  not  n e c e s s a r i l y  i n d i c a t i v e  of what i n d i v i d u a l  growers may 
achieve,  which may be h igher  o r  lower,  of course,  than these .  

Table 6 shows t h e  es t imated  n e t  c o s t  of co rn  f o r  product ion of 
e t h y l  a lcohol .  To ta l  a l coho l  product ion c o s t s  f o r  corn g r a i n  can be re -  
duced by tak ing .  c r e d i t  f o r  t h e  s t i l l  l a r g e  byproducts of t h e  fe rmenta t ion  
process .  The c r e d i t  f o r  d i s t i l l e r ' s  d r i e d  g r a i n s  which a r e  used a s  an in-  
gred ien t  i n  c a t t l e  feeds  amounts t o  approximately $38 per  ton  of corn used, 
based on p r i c e  l e v e l s  of approximately 1 yea r  ago. We use  t h a t  p r i c e  be- 
cause t h e  o t h e r  c o s t s  a s soc i a t ed  wi th  our  ope ra t ing  f a c i l i t y  were based on 
approximately t h a t  t ime per iod .  Therefore,  t h e  n e t  cos t  of each ton  of 
corn f o r  a ' lcohol a f t e r  deduct ing t h e  s t i l l a g e  c r e d i t  is between $43 and $65 
per  t on ,  depending on t h e  region.  

Using corn r e s i d u e s  a s  an  energy f o r  chemical feeds tocks ,  was 
, o u r  t h i r d  a l t e r n a t i v e  f o r  f u e l s  from biomass. S p e c i f i c a l l y  we examined t h e  
use of r e s i d u e s  t o  produce e i t h e r  s u b s t i t u t e  n a t u r a l  gas o r  ammonia. And 
r e s idues  f o r  t h i s  s tudy a r e  def ined  a s  t h e  a e r i a l  p o r t i o n  of t h e  corn p l a n t  
exc lus ive  of t he  g ra in .  We d i d  n o t  cons ider  t h e  r o o t s  i n  our a n a l y s i s  a s  
f a r  a s  t h e  r e s i d u e s  a r e  concerned. 



TABLE 5 

MAJOR COMPONENTS OF ESTIMATED CORN GRAIN PRODUCT[ON 
COSTS, BY SELECTED REGION, 1276 

I 

I 
East  Sc~uth Texas 

Cent ra l  Cent ra l  Cer t r a l  High 
I l l i n o i s  Iowa Uzbr3s ka P l a i n s  

T o t a l  Acres (000) 
Y i e l d  Per Acre (Bushels) 
Y i e l d  Per Acre (Tons) 

- - -  -.- -Do l la rs  Per Acr2- - - - - - - 

Preharvest  Va r iab le  Costs 97 88 1 96 155 
I 

Harvest  and Haul i n g  Var iab le  Costs 16 19 24 59 
Machinery Ownership Costs 29 30 1 53 5 1 
Land Charge 145 134 78 80 
Managemnt Charge - 21 - 18 1-3 - 2 5 

T o t a l  ($/Acre) 

T o t a l  ($/Ton) 9 0 103 1 83 94 
1 

1 
I 
I 
i 



TABLE 6 

ESTIMATED NET COST OF CORN FOR 
PRODUCTION OF ETHYL ALCOHOL, BY REGION 

( $/Ton 

Area 

-- 

Corn 
Production C red i t  f o r  Net Cost 

~Cos t s t i l  lase(a)  o f  Corn 

East Centra l  I l l i n o i s  90 38 5 2 
Centra l  Iowa 103 38 65 

South Centra l  Nebraska 83 38 4 5 
Texas High P la ins  94 38 56 

(a) Based on 19.8 pounds s t i l l a g e  per  bushel o f  corn and value o f  
d i s t i l l e r s / d r i e d  g ra ins  = $105 per  ton  (as o f  Jant;:ary, 1976). 



Under c u r r e n t  p roduct ion  cond i t i ons ,  r e s i d u e s  a r e  e i t h e r  l e f t  on 
t h e  s o i l  t o  decay o r  e l s e  they a r e  c o l l e c t e d  o r  grazed a s  feed  f o r  l i v e s t o c k .  
A t  any r a t e ,  t h e  t o t a l  c o s t  of r e s i d u e s  must i nc lude  a  compensation t o  f a r -  
mers f o r  t h e  r e s i d u e  va lue  e i t h e r  a s  a  feed  source  o r  a s  a  s o i l  maintenance 
m a t e r i a l  i n  a d d i t i o n  t o  t he  r e s i d u e  c o l l e c t i o n  and t r a n s p o r t a t i o n  c o s t s .  

There i s  probably n o t  a  cons t an t  r e l a t i o n s h i p  between t h e  amount of 
g r a i n  produced and a s s o c i a t e d  r e s idues .  C e r t a i n l y  t h i s  r a t i o  i s  s u b j e c t  
t o  c l i m a t i c  f a c t o r s ,  r a t e  of growth, t h e  v a r i e t y  of corn and a l s o  t h e  loca-  
t i o n  of p roduct ion .  Our a n a l y s i s  shown i n  Table  7 of t h e  q u a n t i t y  and com- 
p o s i t i o n  of corn  r e s i d u e s  is based on some d a t a  developed by D r .  Richard 
V e t t e r  of Iowa S t a t e  Un ive r s i t y  which he r epo r t ed  i n  1973. H i s  r e sea rch  
was i6aduiLeJ U V ~ L  d 4-year p e r i o d  i n  rhe corn b e l t  and he took measure- 
ments 3t a 23% k c r n c l  mois ture  con ten t ,  wl~icll  is Lairly t y p i c a l  nf  p;vain 
mois ture  c o n t e n t s  a t  h a r v e s t  t i m e  i n  t h e  midwest. A t  t h i s  mois ture  conten t  
V e t t e r  found t h a t  t h e  g r a i n  comprised 53.1% and the  a e r i a l  r e s i d u e s  46.9% 
of t h e  t o t a l  d ry  weight of t h e  corn p l a n t .  Now, i f  t h e  g r a i n  was harves ted  
e a r l i e r  i n  t h e  season a t  a  28% mois ture  con ten t ,  t h e  r a t i o  changes t o  about 
49.1% g r a i n  o r  roughly 51% r e s i d u e  on a  dry  weight b a s i s .  

Table  8  shows t h e  amount of g r a i n  and r e s idues  produced under 
va r ious  y i e l d s .  Residue product ion  on a dry  weight b a s i s  ranges from 
roughly 3,000 l b  o r  70 bushe l s  p e r  a c r e  up t o  about 6,300 l b  o r  150 bushe ls  
pe r  a c r e .  Our average corn b e l t  y i e l d  p r o j e c t i o n s  of 160 bushe ls  pe r  a c r e ,  
i f  you cons ider  t h e s e  t o  be r e a l i s t i c ,  would mean t h a t  a h n , , ~ t  3 .4  t ons  of 
d ry  r e s idues  could be produced on each a c r e  by t h e  y e a r  2000. And aga in ,  
Table  8  assumes a c o n s t a n t  ratio of g r a i n s  t o  residuec a t  varying y i e l d s .  
Ilowever, t h i s  does need to ' be  v e r i f i e d  exper imenta l ly .  

Now, t h e  same fou r  geographic  r eg ions  t h a t  were used i n  th.e 
a n a l y s i s  of corn g r a i n  a r e  used i n  t h e  e s t i m a t e s  r ega rd ing  r e s i d u e  pro- 
duc t ion .  The es t imated  d e n s i t y  of d ry  r e s i d u e  product ion  a s  seen  i n  
Table  9  ranges from 36 tons  per  square  m i l e  i n  t h e  Texas h igh  p l a i n s  a r e a ,  
t o  785 tons  per  square  nlilr i n  c e n t r a l  I l l i n o i s .  Iowa i s  c l o s e  behind I l l i n o i s  
w i t h  a  d e n s i t y  of around 670 tons  per  square  mi le .  

I f  you use a  rough I l l i n o i s  and Iowa average of 730 tons  of  d r y  
r e s idue  produced per  square  m i l e ,  a  50-mile r ad ius  surrounding a  s u b s t i t u t e  
n a t u r a l  gas o r  ammonia f a c i l i t y  would supply over  10 t imes t h e  annual  raw 
i l la ter ia l  requirements  of  a  s i n g l e  p l a n t  ( s ee  Table 10 ) .  Within a  hundred 
m i l e  r a d i u s  i n  t h i s  p a r t i c u l a r  r eg ion  t o t a l  d ry  r e s i d u e  product ion  i s  esti- 
mated around 23 m i l l i o n  t ons  o r  over 40 times t h e  annual  plant requirement .  
So i t  seems e v i d e n t ,  t h e r e f o r e ,  t h a t  t h e  raw m a t e r i a l  requi:rern~nts f n r  a 

p rocess ing  f a c i l i t y  could c e r t a i n l y  be  met i n  t h e  i n t e n s i v e  corn producing 
a r e a s  of  t h e  corn b e l t  and wi thout  t ak ing  a l l  of t h e  r e s i d u e s  o r  t h e  t o t a l  
h y p o t h e t i c a l  supply.  



TABLE 7 

DRY MATTER I N  THE CORN PLANT 
AT TWO KERNEL MOISTURE CONTENTS 

Percentaqe and Volume i n  

Pl an t  Component 

. - ..- 

2000 ~1;s Dry Matter  
Kernel Moisture Kernel Moisture 

23% 28% 
% Lbs % Lbs 

~ r a  i n  ( Kernel ) 

Cob 

Sta lk  

Leaf  
Husk 

- 
Tota l  Dry Mat ter  100.0 2000 

Percent Pounds 

- 
100.0 2000 

Percent pounds 



TABLE 8 

QUANTITY OF RESIDUES UNDER DIFFERENT CORN YIELCS 
AT "NORMAL" HARVEST PERIODS 

( a )  For  s t a t i s t i c a l  r epo r t ' ng  purposes, y i e l d s  a r e  r e p o r t e d  a t  15.5% m o i r t u r ?  c o n t e n t .  

( b )  "Normal" m o i s t u r e  c o n t e n t  a t  h a r v e s t  assumed t o  be 23%. 

E q u i v a l e n t  
G r a i n  Y i e l d  G r a i n  Y i e l d  Lbs . Gra i  n /Fcre  Lbs. Residue/Acre 

a t  84.5% Dry  M t t e r ,  P A t  77% Dry M . t t e r ,  f F i e l d  
bar/acre(a, bu /ac re (b  h' t  . 

Cry F i e l d  
k t .  W t .  

D ry  
W t .  



TABLE 9 

ESTIMATED DENSITY OF RESIDUE PRODUCTION 
1976 

(Tons Per Sq. Mile) 

Production Densi t y  
'Fie1 d Dry 
Wt. w t, 

East Central I l l i n o i s  
Central Iowa 

South Central Nebraska ( i r r i g .  ) 

Texas High Plains ( i r r i g . )  



TABLE 10 

ESTIEIATED PRDDUCTION OF RESIDUES 
WITHIN SPECIFIED RADII 

- ,ILLINOIS Af4D IOWA - -  - -  

(DENSITY = 730 DRY TONS/SQ. MILE) 

Percen t  o f  T o t a l  
D i s tance  From Cumulat ive Cumulat ive P roduc t i on  

Process ing  P l a n t ,  T o t a l  P roduc t i on  i k c e s s a r y  t o  Supply 
m i  1  es 1000 Tons 551,000 Tons/Year --- 



Table 1 l . i n d i c a t e s  t h r e e  c o l l e c t i o n  a l t e r n a t i v e s  t h a t  might be used 
t o  assemble corn r e s idues .  This  t o p i c ,  of course,  w i l l  be  addressed i n  con- 
s i d e r a b l y  more d e t a i l  t h i s  a f te rnoon by t h e  gentleman who is speaking from 
The Hesston Corporat ion,  and I am s u r e  he might touch on some o t h e r  a l t e r -  
n a t i v e s  t h a t  we have no t  considered here .  But what we have l i s t e d  he re ,  and 
t h i s  is  based on some d a t a  r epo r t ed  back i n  l a s t  J u l y  from Stanford  Research 
I n s t i t u t e  on t h e i r  r e s i d u e  s tudy ,  we have t h e  l a r g e  round b a l e  he re  which 
might weigh anywhere from 1,000 t o  2,500 l b  and wi th  a  d e n s i t y  of about 10 
t o  1 3  l b  per  cu i t .  

A second a l t e r n a t i v e  would be  t h e  l a r g e  s t a c k s  of r e s i d u e  which 
look somewhat, a t  l e a s t  t o  me, l i k e  a  l a r g e  loa f  of bread a s  you s e e  them 
s i t t i n g  o u t ' i n  t h e  f i e l d  and t h i s  aga in  could be produced by c u r r e n t l y  a v a i l -  
a b l e  machinery. This  produces a  s t a c k  ranging anywhere from 3  t o  10 ton's 
i n  edea l  weight w i th  a  dens i ty  of about 4 t o  6  l b  per  cu f t .  

The t h i r d  a l t e r n a t i v e  i s  f ie ' ld  cubing of r e s idues  which produces 
smal l  cubes of approximately an inch  t o  an inch  and a  q u a r t e r  wi th  t h e  
h ighes t  d e n s i t y  of around 16 t o  22 l b  per  cu f t .  

And then,  of course,  another  a l t e r n a t i v e  which we have not  con- 
s ide red  i n  any d e t a i l  would be ba l ing  r e s i d u e s  i n ,  of course ,  b a l e s  com- 
parable  t o  those  produced which you s e e  on many farms now t o  b a l e  hay. The 
weight of t hese ,  I would e s t ima te ,  might be anywhere from 50 t o  100 l b .  

Bulk dens i ty  and haul ing  d i s t ances  a r e  important v a r i a b l e s  when 
cons ider ing  t h e  use of r e s idues  a s  an  energy feedstock.  Semi-tractor  
t r a i l e r s  a r e  l i m i t e d ,  I th ink ,  i n  many s t a t e s  t o  a  maximum load of around 
23 t o  24 tons ,  and i f  you t ake  what I t h i n k  might be  a  typi 'cal s i z e d  
t r a i l e r ,  t h i s  might hold approximately 3,500 cu f t  of volume. And i f  you 
j u s t  cons ider  a  s i n g l e  t ruckload  of them wi th ,  s ay ,  chopped r e s idues  a t  
a  dens i ty  o f ,  say ,  6  l b  per  cu f t ,  you might no t  even reach ha l f  of t h e  
load l i m i t  on a  weight b a s i s  before '  you would run  out  of volume on a  phy- 
s i c a l  b a s i s  o r  phys i ca l  space,  r a t h e r .  Therefore,  i t  i s  obvious t h a t  some 
economic ba lance  has t o  be drawn between savings  i n  t r a n s p o r t a t i o n  c o s t s  
which would be due t o  r e s i d u e  d e n s i f i c a t i o n  and t h e  c o s t s  of t h i s  d e n s i f i -  
c a t i o n  process .  

I f  you assume t h a t  24 tons  a r e  hauled per  t r i p ,  and we a r e  as- 
suming he re  t h a t  t h e  r e s i d u e  dry ma t t e r  i s  about 43%, and t h a t  60% of t h e  
p l a n t s '  volume i s  suppl ied  w i t h i n  a  r a d i u s  of 20 mi l e s ,  you g e t  another  
302 between 20 and. 50 mi les  and then 10% between 50 and 80 mi les ,  the 
t o t a l  cos t  of t r a n s p o r t i n g  rought ly  1 .3  m i l l i o n s  of f i e l d  weight r e s idue  
t o  a process ing  f a c i l i t y  i s  about $2.3 mi l l i on .  For a  c l e a r e r  p i c t u r e  of 
t h i s  c o s t  e s t ima te  s e e  'Table 12 .  This  would be equ iva l en t  t o  an  average 
cos t  of about $1.77 per  ton  of f i e l d  weight ,  o r  converted t o  a  dry  weight 
b a s i s  t h e  cos t  would be  about $4.13 per  ton. Again t h i s  assumes an even 
d i s t r i b u t i o n  of t h e  r e s idues  suppl ied  throughout t h e  region.  



TABLE 11 

RESIDUE COLLECTION ALTERNATIVES 

Package Type 

Package 
~ E L R S ~ P . ~ ,  

P i i c k a g ~  Wpight l h / c u  f t 

1. La rge  round  b a l e  

2. A i  r - packed  rec tangu-  6-20 ,oflo bs 
l ar  s t a c k  (chopped) 

3. F i e l d  c u b i n g  1 -1 /4 - inch  cubes 16-22 

Source: S t a n f c r d  Research I n s t i t u t e ;  -- An E v a l u a t i o n  
of t h e  Use o f  A g r i c u l t u r a l  Residues as an 
Energy ~ecdstocl?-, Vol I ( J u l y ,  1976- -. 



T A B U  12 

ESTIMATED 
RESIDUE TRANSPORTATION COSTS TO SUPPLY 
1,288,000 TONS (FIELD WEIGHT) PER YEAR 

AVERAGE HAULING RADIUS = 27 MILES 
TONS HAULED FER TRIP = 24 TONS 

Hauling Radius i n  M i les  
0-19.9 1 20-49.9 j 50-80 

Average 
o r  

To t a  1 

Percent o f  Tota l  
Manufacturing P lan t  60% 
Vol ume Suppl i e d  

To ta l  Cost $935,514 
w 
Q\ Tota l  Cost Per Ton, F i e l d  W t .  $1.21 cn 

Tota l  Cost Per Ton, Dry W t .  $2.83 

Note: 1,288,000 tons a t  42.8 percent  d ry  mat ter  = 551,000 tons d r y  matter .  

Note: 60%: 30%, and 10% f igures based on Baumel ' s  1976 Iowa Sta te  study - o f  corn g r a i n  termina l  
d e l i v e r y  distances dur ing  autumn. 

30% 

$904,508 

$2.34 

$5.48 

10% 

$436,730 

$3.39 

$7.91 

100% 

$2,276,752 

$1.77 

$4.13 



Now, if--and I t h i n k  t h i s  i s  a  b i g  iE--the r e s i d u e s  can b e  a i r  

d r i e d  o r  s u n  c u r e d ,  i n  t h e  f i e l d  t o  approx imate ly  an  80% d r y  m a t t e r  r a t h e r  
t h a n  t h e  43% which we p r e v i o u s l y  assumed, t h e  t r a n s p o r t a t i o n  c o s t s  p e r  d r y  
t o n  f a l l  by abou t  h a l f  t o  roughly  $2.25. These c o s t  e s t i m a t e s  a r e  sho1.m 
i n  T a b l e  13.  However, I t h i n k  t h e r e  a r e  a  l o t  o f  questi-ons aboli t  f e a s i -  
b i l i t y  of a i r  d r y i n g  o r  sun  d r y i n g .  Because t h e  d r i e d  m a t e r i a l  i s  l e s s  
d e n s e  t h a n  f r e s h l y  h a r v e s t e d ,  t h e r e  i s ,  I t h i n k ,  g r e a t e r  need f o r  some t y p e  
of d e n s i f i c a t i o n  such  as b a l i n g  o r  f i e l d  chopping.  It would seem t o  me 
t h e  f e a s i b i l i t y  o f  sun  d r y i n g  t h e s e  r e s i d u e s  d u r i n g  t h e  w i n t e r  months i n  
t h e  c o r n  b e l t  i s  d e b a t a b l e .  Also ,  Llle m o i s t u r e  c o n t e n t  of t h e  r e s i d u e s  
presumably would b e  h i g h l y  dependent  upon wea ther  c o n d i t i o n s  a t  t h e  p a r t i -  
cu la r  t ime  when t h e y  were  g a t h e r e d ,  i n c l u d i n i  t h e  r a i n f a l l  and wind and 
t e m p e r a t u r e  and snowfall. 

I f c e l  t h a t  t h e  q l i t s ~ i u r l s  (1) wllai: .IS  lie r e a l  resldtie m o i s t u r e  
c o n t e n t  when t h e y  are c o l l e c t e d  and ( 2 )  what. i s  t h e  d e g r e e  of v a r i a b i l i t y  
i n  t h i s  m o i s t u r e  c o n t e n t  and ( 3 )  what a r e  t h e  r e l a t i o n s h i p s  hetween m o i s t u r e  
l e v e l s  and d e n s i f i c a t i o n  r e q u i r e m e n t s  a r e  t o p i c s  t h a t  need t o  b e  examined 
i n  f u t u r e  r e s e a r c h  exper iments .  

Now, t h e  t r a n s p o r t a t i o n  c o s t s  a r e  j u s t  one a s p e c t  of t h e  t o t a l  
d e l i v e r e d  c o s t s  o f  c o r n  r e s i d u e s  t o  p r o c e s s i n g  p l a n t s .  ' T h e  c o s t  o f  c o l -  
l e c t i o n  and assembly of t h e  r e s i d u e s  on a farm must a l s o  be  consi .dered 
a l o n g  w i t h  t h e  c a s h  payment t o  t h e  fa rmer  f o r  t h e  v a l u e  of t h e  r e s j d ~ e s .  
The t o t a l  c o s t  o f  d e l i v e r i n g  r e s i d u e s  c o n t a i n i n g  4.32 d r y  m a t t e r  r anges  

between $25 and $70 p e r  d r y  t o n  depending on t h e  c o l l e c t i o n  a l t e r n a t i v e  
as shown i n  Tab le  14. The c o l l e c t i o n  c o s t s  a r e  h e r c  agni.n hased on Ltle 
S R I  d a t a .  I p u t  t o g e t h e r  my ow11 e s t i m a t ~ s  nn what you might have t o  pay 
t h e  fa rmer .  The d e l i v e r e d  costs of r e s i d l i e s  nn an 8n% d r y  m a t t e r  £011~ 
t o  between $16 and $45 p e r  t o n  of d r y  weigh t .  

The c a s h  payment t o  t h e  fa rmcr  i s  based  on comparable f e r t i l i z e r  
and f e e d  c o s t s ,  and t h i s  c a s h  payment I have e s t i m a t e d  t o  r a n g e  hetween 
$5 and $15 p e r  t o n  of d r y  r e s i d u e  depending on whatever a l t r r n a l - i v ~  might 
b e  a v a i l a b l e  t o  him. I f  t h e  fa rmer  i s  a c a t t l e  f e e d e r  and h e  wishes  t o  
u s e  r e s i d u e s  a s  a  f o r a g e  s u b s t i t u t e  and i f  hay i s  worth  around $60 a  t o n ,  
which I t h i n k  a  c a s h  payment of a t  l e a s t  $15 p e r  t o n  on a d r y  weight  b a s i s  
t o  t h e  fa rmer  would b e  n e c e s s a r y .  I f  t h e  r e s i d u e s  o t h e r w i s e  would be  
l e f t  on t h e  ground,  t h i s  cash  payment might be  s u b s t a n t i a l l y  lower ,  around 
$5 a  t o n .  

Res idues  c o n t a i n  abou t  5-112% a s h ,  which h2s  no v a l u e ,  a t  l e a s t  
from a n  energy  s t a n d p o i n t ,  and ,  t h e r e f o r e ,  a f t e r  e l i m i n a r i n g  t h e  a s h  con- 
t e n t  t h e  d e l i v e r e d  c o s t  of r e s i d u e s  is  i n c r e a s e d  s l i g h t l y .  On a  c o s t  
p e r  pound b a s i s  v a l u e s  ranged from about  1 . 3  t o  3 . 7 ~  a t  113% d r y  m a t t e r ,  
and a t  80% d r y  m a t t e r  t h e  c o s t  e s t i m a t e s  ranged from about  0 .9  t o  2 . 4 ~  p e r  
l b .  The c o s t  p e r  pound d a t a  i s  g i v e n  i n  Tab le  15.  A d d i t i o n a l  r e s e a r c h ,  a s  



TABU 13 

ESTIMATED 
SUN-CURED RESIDUE TRANSPORTATION COSTS TO SUPPLY 

689,000 TONS (FIELD WEIGHT) PER YEAR 

AVERAGE HAULI.NG DISTANCE = 27 MILES 
TONS HAULED PER TRIP = 24 TONS 

- -- -- - - - - - 

Average 
Haul i n g  Radius i n  Mi les  o r  

0-19.9 20-49.9 50-80 To ta l  

e Percent of Tota l  
Manufacturing P lan t  

4 60% 30% 1 0% 100% 
Vol ume Suppl i ed 

Tota l  Cost . $499,853 $485,070 $233,600 

To ta l  Cost Per Ton, F i e l d  W t .  $1.21 $2.34 $3.39 

To ta l  Cost Per Ton, Dry W t .  $1.51 $2.93 $4.24 

-- p~ - 

Note: 689,000 tons a t  80% dry  mat ter  = 551,000 tons dry  matter .  



TABLE 14 

ESTIMATED 
DELIVEk?ED COSTS OF CORN .?ESIDUE 

UNDER 
THREE COLLECT I O N  ALTERNATIVES 

$/TON FIELD WEIGH- 
AT 43% DRY MATTER 

Choppzd and 
Large Rectaggul a r  
Round Stacked F i e l d  
Ba le  ( A i  r Packed) Cubing 

T o t a l  Cost Per Ton F i e l d  Weight 
( i n c l u d i n g  cash r e n t a l ,  r e s i d u e  10.55-27.00 11 .90-24.80 11.981-29.80 
c o l l  ect i 'on, and t r a n s p o r t )  

Cost Per Ton Dry Weight: 
A t  43% Dry M a t t e r  24.55-62.80 27.65-57.65 27.65-69.30 

A t  80% Dry M a t t e r  (sun d r i ed !  15.50-40.95 17.20-38.20 17.20-44.45 



T A B U  15 

ESTIMATED DELIVERED COSTS 
OF COMBUSTIBLE ORGANIC MATERIAL 

OR FERMENTABLE SOLIDS 
I N  CORN RESIDUES 

(Cents Per Pound) 

Dry Ma t te r  Content a t  
Time o f  C o l l e c t i o n  

C o l l e c t i o n  Method 4 3% I 80% 

Note: Ash Content = 5.5%; the re fo re ,  t h e r e  a re  1890 pounds , 

combust ib le o rgan ic  ma t te r  o r  fernlentable s o l  i d s  i n  
each 2000 pounds o f  d r y  res idue.  

Large Round Bales 1.3-3.3 

Chopped and Stacked 1.5-3.1 

F i e l d  Cubed 1.5-3.7 

0.9-2.2 

0.9-2.0 

0.9-2.4 



I p r e v i o u s l y  i n d i c a t e d ,  i s  needed t o  v e r i f y  t h e  c o s t s  and p r a c t i c a l i t y  of 
c o l l e c t i n g  and t r a n s p o r t i n g  t 'hese r e s i d u e s .  There  are problems which we 
d i d  n o t  even c o n s i d e r ,  s u c h ' a s  t h e  p o t e n t i a l  l o g i s t i c a l  problem t h a t  might 
be  a s s o c i a t e d  w i t h  d e l i v e r i n g  a  m i l l i o n  t o n s  of r e s i d u e s  t o  a  p r o c e s s i n g  
p l a n t  o v e r  a  4 t o  6  months p e r i o d ,  p a r t i c u l a r l y  d u r i n g  t h e  w i n t e r  months 
t h a t  you e x p e r i e n c e  i n  t h e  c o r n  b e l t .  

W e  move on t o  t h e  f i n a l  t o p i c ;  t h e  energy  h n l a n r ~  in cnrn  ~ g r i -  
c u l t u r e .  Var ious  a u t h o r s  have  e s t i m a t e d  t h e  r a t i o  of energy produced p e r  
energy  consumed i n  growing and h a r v e s t i n g  c o r n  g r a i n .  Each h a s  looked a t  
t h e  problem i n  a l i t t l e  b i t  d i f f e r e n t  way and natural1 .y  we have go t  some 
v a r i a b i l i t y  i n  t h e s e  energy b a l a n c e  r a t i o s .  These d i f f e r e n t  r a t i o s  a r e  
shown i n  T a b l e  1 6 .  ~ i m e n t e l ' s  r a t i o  o f  energy  produced o r  encrgy  consumed 
w a s  t h e  l o w e s t  of p r i c e  s o u r c e s  t h a t  we looked a t ,  around 2.5,  and D r .  A l d r i c h  
of l l l i n o i s  showed a  r a t i o  of about  5 . 7 ,  a n d  i f  you average  a l l  t h e s e  to- 
g e t h e r  you come up w i t h  a g r o s s  t y p e  of estimate of around a  r a t i o  3.7 of 
ene rgy  o u t p u t - i n p u t  . 

Now, we d e c i d e d  t o  use  some d a t a  r e c e n t l y  developed by the  U.S .  
Department o f  A g r i c u l t u r e  on energy consunyt ion  i n  g r a i n  p r o d u c t i o n .  T h i s  

d a t a  i s  g i v e n  i n  Tab le  17.  Now, one r e a s o n  we used t h i s  i s  t h a t  t h e  USDA 
d a t a  d i f f e r e n t i a t e s  energy  u t i l i z a t i o n  f o r  v a r i o u s  c r o p s  by s t a t e ,  t h e r b y  
a c c o u n t i n g  f o r  d i f f e r e n c e s  i n  c u l t u r a l  p r a c t i c e s .  And lower h e a t i n g  'va lues  
were  used f o r  b o t h  p r o d u c t i o n  i n p u t s  and o u t p u t s .  It  shou ld  be  no ted  t h a t  
t h e  1974 y i e l d s  i n  t h e  corn  b e l t  were  a d v e r s e l y  a f f e c t e d  bv d r o u t h  and ,  
t h e r e f o r e ,  t h e  r a t i o s  shown a r e  p robab ly  on t h e  c o n s e r v a t i v e  s i d e .  Perhaps  
i n  a  more normal c r o p  y e a r  t h e y  might go up by 1 0  t o  15%. 

Energy used p e r  a c r e  i n  p roduc ing  c.orn g r a i n ,  T a h l ~  1.8, r anges  
f rom about  6.8 m i l l i o n  B t u ' s  i n  Iowa up t o  abou t  1 4  mj.J.lion R t u ' s  i n  Texas.  
Average 6nergy b a l a n c e  f o r  c o r n  g r a i n  i s  3.1,  which i s  roughly  comparable 
t o  t h e  3.7 which I mentioned e a r l i e r  compiled from o t h e r  s o u r c e s .  Tnwa 

and I l l i n o i s  energy  b a l a n c e  r a t i o s  f o r  t h e  p r o d u c t i o n  of g r a i n  p l u s  r e s i -  
d u e s ,  Tab le  19,  i s  a p p r o x i m a t e l y  2 .7  t o  2 . 8 ,  ggd the lower r a t i o  presumes 
t h a t  t h e  r e s i d u e s  would n o t  be  sun  d r i e d  i n  t h e  f i e l d  and ,  t h e r e f o r e ,  con- 
s i d e r a b l e  e n e r g y  would have t o  be expended i n  mechanica1,l.y d r y i n g  the 
r e s i d u e s  t o  l e v e l s  which would a l l o w  s a f e  s t o r a g e .  And I b a s e  t h i s  on 
what might be comparable t o  hav ing  t o  d r y  c o r n  g r a i n .  Th is  may n o t  be  a  
good ana logy .  

I f  no mechan ica l  d r y i n g  o f  r e s i d u e s  was n e c e s s a r y ,  t h e  energy 
b a l a n c e  f o r  g r a i n  p l u s  r e s i d u e s ,  T a b l e  20 r i s e s  t o  between 5 .2  and  5 .5  f o r  
I l l i n o i s  and Iowa w i t h  lower r a t i o s  i n  Ne.hraska and Texas.  



TABLE 16 

ENERGY I N  CORN GRAIN AND 
RATIO OF ENERGY PRODUCED 

PER ENERGY CONSUMED 

Source 
Assumed Ratio Energy 

BTU/ LB Produced/Energy 
Corn Grain Consumed-Corn Grai n 

Pimentel 6,336 
Cervinka, e t  a1 6,624 
Aldrich, e t  a1 6,947 
Scheller, e t  a1 6,103 
Heichel 8,913 

Average 6,985 3.73 



TABLE 17  

'NET ENERGY PRODUCTION I 

FROM 
CORN SILAGE I 

(Based on 1974 S.i lage Y i e l d s )  

- -  

S t a t e  

Energy Jsed R a t i o  o f  
S i l a g e  Y i e l d  Per Acr2 i n  Energy Contained 
F i e l d  Weight, S i l a g e  P r ~ d u c t i o n ,  ; To Energy Used 

tons 1000 BTJ's x:  1 

Wisconsin 9.4 5,907 5.1 

I nd iana  11.5 7,622 4.9 

Texas 13.0 19,517 2.1 

C a l i f o r n i a  18.5 15,223 3.9 

U n i t e d  S ta tes  10.4 7,183 4.7 

Note: Assumed 3,218,0110 BTU 's l t on  s i l a g e  c o n t a i n i n g  65.6% H20 (lowe- hea t i ng  va lue) .  

Based on F i r m  E n t e r p r i s e  Data System s t a t i s t i c s .  



1974 
NET ENERGY PRODUCTION 

FROM 
CORN GRAIN  

S ta te  

Grain Y i e l d  
Per Acre, 

tons 

- 

Rat io  o f  Energy 
Energy Used i n  Contained 

Grain Production To Energy Used 
1000 BTU1s x: 1 

'11 1 i n o i s  2.32 

Iowa 2.24 6,806 3.9 

Nebraska 1.90 11,933 1.9 

Texas 2.58 13,999 2.2 

Uni ted States 2.00 

Note: Assumes 11,764,000 BTU1s/ton of co i n  conta in ing 15.5% moisture ( lower heat ing value). 



TABLE 19 

1974 
NET ENERGY PRODUCTION 

FROM 
GRAIN PLUS RESIDUES 

(Residues Not Sun-Dried) - 

Energy Used i n  Grain %, Ra t io  o f  Energy 
Grain 5 Residue Y i e l d  Residue Product ion/Acre/ Contained t o  Energy Used 

Sta te  Per Acre, F i e l d  & i 3 h t  1000 :BTL x: 1 

I l l i n o i s  

Iowa 

Nebraska 

Texas 7.09 26,026 I 2.0 

Note: Assumes 4,784,000 BTU1s/ton o f  residues c o n t a i n i r g  '7.2% mois ture  and 11,764,000 BTU/ton 
o f  g r a i n  conta tn ing 15.5% mcisture.  



TABLE 20 

1974 
NET ENERGY 'RODUCTION 

FRIIM 
GRAIN PLUS RESIDUES 

(Residues Sun-Dried) 

Energy Used i n  Grain & Rat io  o f  Energy 
Grain and Residues Residue Production/Acre Contained t o  Energy Used 

Sta te  Per Acre, F i e l d  Weight 1000 BTU x: 1 

I 1  1 i n o i s  4.50 9,623 5.2 

Iowa 
I-' 
.I 
VI Nebraska 

Texas 

Note: Assumes 10,360,000 BTU4s/ton o f  residues con ta in ing  20% moisture and 11,764,000 BTU/ton 
con ta in ing  15.5% moisture. 



Table 21  summarizes some of  t h e  main po in t s  t h a t  I have been 
h i t t i n g  on. Looking a t  t h e  t o t a l  United S t a e s ,  w e  produce about 40 
m i l l i o n  t ons  p e r  yea r  on a  d r y  weight b a s i s  of s i l a g e ,  about 131  m i l l i o n  

J '  t o n s  of g r a i n  and 116 m i l l i o n  t ons  of corn  p l a n t  r e s i d u e s .  I n  t h e  most 
i n t e n s i v e  corn  producing a r e a s  t h e  d e n s i t y  of g r a i n  product ion  is  approx- 
ima te ly  750 t o  800 tons  p e r  squa re  mi l e  and accompanied by roughly 700 d r y  
t o n s  of r e s i d u e s  p e r  square  m i l e .  Estimated'  c o s t s  of c o r n  a s  an  energy feed-  
s t o c k  ranged from about  2.11 t o  3 . 0 ~  p e r  l b  f o r  d ry  m a t e r i a l  f o r  c i l a g e ,  
from about 2 .3  t o  3.3C a l b  f o r  d ry  g r a i n ,  assuming a  s t i l l a g e  c r e d i t  t h e r e ,  
and a r e s i d u e  c o s t  somewhere i n  t h e  neighborhood of 1 t o  2~ p e r  l b .  

A s  i n d i c a t e d  p rev ious ly ,  I t h i n k  t h e  c o s t s  of r e s i d u e s  needs t o  
be  t h e  s u b j e c t  of some a d d i t i o n a l  v e r i f i c a t i o n  s i n c e  t h e r e  is  very  l i t t l e  
publ i shed  d a t a  a v a i l a b l e  on t h i s .  Also t h e  d ry  ma t t e r  conten t  o f -  r e s idues  
needs some a d d i t i o n a l  work. 

The r a t i o  of energy consumed i n  corn biomass product ion  ranges 
from about  2.7 t o  s l i g h t l y  over  5 .0 ,  depending on which p l a n t  component is  
u t i l i z e d .  Again t h e r e  may be  cons ide rab l e  l a t i t u d e  i n  t h e s e  r a t i o s  de- 
pending upon t h e  except ions  made by t h e  va r ious  r e s e a r c h e r s .  It w i l l  
n a t u r a l l y  be  lower once t h e  energy c o s t s  of conve r t i ng  t h e  biomass i n t o  
some type  of f u e l  o r  chemical a r e  considered.  

Quest ion:  I have a n  obse rva t ion ,  n o t  a  ques t i on .  The r a t i o s  of 
energy conta ined  t o  energy should be  borne i n  mind i n  terms o f . t h e  e f f i c i e n c y  
of  r ecove r ing  t h e  conta ined  energy. So i f  you come up wi th  a  number l i k e  
2 f o r  1, you a r e  e s s e n t i a l l y  running a t  a  l o s s  because t h e r e  a r e  very  few 
t h i n g s  t h a t  w i l l  r e cove r  50%. And some of t h e  t h i n g s  w e  are going t o  be 
t a l k i n g  about ,  l i k e  e t h a n o l  and f u r f u r a l ,  you a r e  going t o  need a r a t i o  of 
4  t o  1 j u s t  t o  begin  t o  t h i n k  about  i t .  



TABLE '2 1 

SUM,MARY--CORN BIOMASS 

Total U.S. Production - 
Si 1 age 10.3 million acres 
Grain 
Residues ) 68.0 million'acres 

Density of Production (Corn Belt) 
Si 1 age 
Grai 1-1 
Residues 

Estimated Costs/Lb Raw Material 

Si 1 age 
Grain (with stil lage credit) 
Residues @ 43.0% D.M. 

@ 80.0% D.M. 

Energy Output/Input (Corn Belt) -- 
Silage 
Grain 
Grain + residues: 
Residues @ 43% D.M. 
Residues @ 80% D.M. 

Million Dry Tons 
40 
131 
116 

Dry Tons/Sq Mi 
80 

750-800 
700+ 



ETHANOL AND FURFURAL FROM CORN 

D r .  W. J .  Sheppard 
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I a m  going t o  t a l k  about making fur f l l ra l  and a l coho l  from corn and 
compare t h e s e  r e s u l t s  w i th  some t h a t  we got  i n  c a l c u l a t i n g  t h e  c o s t s  of making 
f u r f u r a l  and a l coho l  from bagasse. .I w i l l  a l s o  compare t h e  c o s t s  t h a t  we 
d e r i v e  f o r  making f u r f u r a l  and a l coho l  with some of t h e  c u r r e n t  com- 
merc i a l  p r i c e s  f o r  t h e s e  commodities. 

One of t h e  problems t h a t  you run i n t o  when you t a l k  about f u r f u r a l  
i s  exp la in ing  what f u r f u r a l  i s .  Figure  1 shows the  c o n f i g u r ~ t i n n  nf  t h ~  
f u r f u r a i  molecule. I t ' s  a fivc-nlembered r i n g ,  bu t  because of t h e  double 
bonds and t h e  unshared p a i r s  of e l e c t r o n s  on t h e  oxygen i t  has some a ro -  
matic  c h a r a c t e r  t o  i t ,  which means t h a t  it i s  s o r t  of l i k e  benzene. It 
a l s o  has  a  n i c e  odor ,  a sweet f r u i t y  odor not  too  d i f f e r e n t  from benzaldehyde, 
which is s u p e r f i c i a l l y  resembles.  The market f o r  t h i s  i s  about 150 m i l l i o n '  
pound, which i s  n o t  l a r g e  and i t ' s  no t  small  a s  chemicals go. It s e l l s  f o r  
around 5 0 ~  a  pound r i g h t  now. It is i n  s h o r t  supply and people a r e  on a l -  
l o c a t i o n  and Quaker Oats i s  s e l l i n g  a l l  t h a t  they can produce and they  a r e  
b u i l d i n g  a  new p l a n t  t o  produce even more. 

What's f u r f u r a l  used f o r ?  Well, i t  can be used a s  a  so lven t  
and i t  can be used t o  e x t r a c t  t h e  aromatic  m a t e r i a l s  i n  a  l u b r i c a t i n g  o i l  
s t o c k  t o  upgrade t h e  q u a l i t y  of the. l u b r i c a t i n g  o i l .  It .can be mixed wi th  
petroleum f r a c t i o n s  and then  t h e  f r a c t i o n  d i s t i l l e d  and you can recover  
t h e  buradiene o r  t h e  i soprene  i n  t h i s  way. We c a l l  t h a t  e x t r a c t i v e  d i s -  
t i i o n  It can bc  uaed f a r  makil~g L ~ S I I I S .  I t  can a l s o  be converted 
t o  a  number of o t h e r  t h ings .  We can make the  aldehyde i n t o  an a l coho l  
group and then  we can make foundry co re  b inder  r e s i n s .  I f  you a r e  making a  
casiiig, t h e  cheapes t  way t o  ma.chine a  ho le  i n  t h e  cas ing  i s  t o  put  a  rod 
of sand bound wi th  a  r e s i n  i n  be fo re  your pour t h e  metal .  So t h i s  is  
what is  done and t h e s e  a r e  c a l l e d  a co re  and we use  a b indcr  r e s i n .  It 
t u r n s  ou t  t h a t  f u r f u r a l  a l coho l  makes t h e  b e s t  r e s i n .  U n f o r t i i n a t ~ l y ,  a t  
about  5iJC a  pound t h e  phenolic r e s i n s  a t  ha l f  t h a t  p r i c e  a r e  beginning t o  
compete q u i t e  a c t i v e l y .  

We can a l s o  make o t h e r  t h i n g s  t h a t  have names l i k e  te t rahydro-  
fu ran ,  which i s  f u r f u r a l  minus t h e  aldehyde group shown on t h e  r i g h t  i n  
F igure  1 and with four  e x t r a  hydrogens a t tached .  

Now, we a r e  i n t e r e s t e d  i n  f u r f u r a l  because i t  r e p r e s e n t s  a  
chemical  t h a t  can be  made and one t h a t  i s  i n  s h o r t  supply now. We can 
s e e  t h a t  t h e r e  is  a  f a i r  market. We could double o r  t r i p l e  t h e  amount 
and s e l l  i t .  We could g e t  some money. We could a l s o  r e p l a c e  phenol and 
o t h e r  m a t e r i a l s  t h a t  a r e  aromatic  chemicals which come from the  petroleum 
company. So thus  we would d i s p l a c e  some f u e l .  
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Figu re  1 



There i s  an i n t e r e s t i n g  s t o r y  behind f u r f u r a l .  I n  about 1920 a man 
named Harold Brownley a t  Miner Labs i n  Chicago was t r y i n g  t o  t ake  o a t  h u l l s  
t o  .use f o r  animal feed because t h e r e  was a  sho r t age  of molasses.  He t r i e d  
i n  h i s  l a b  t o  d i g e s t  t h e  o a t  h u l l s  w i th  sodium hydroxi.de, and t h a t  d id  no t  
improve i t .  Then he  t r i e d  d i g e s t i n g  them wi th  a c i d ,  and t h a t  d i d  n o t  i m -  
prove i t ,  and suddenly they d iscovered  i n  t h e  feed ing  t r i a l s  t h a t  o a t  h u l l s  
were n o t  s o  bad j u s t  a s  they were. But he  had done 2  yea r s  of  work and he  

' 

wanted t o  w r i t e  i t  up. So they  completed h i s  work f o r  p u b l i c a t i o n  and they 
n o t i c e d  t h e r e  was an energy ba lance  o r  a m a t e r i a l  ba lance  problem. They 
were 20% s h o r t .  So they  t r i e d  t o  f i n d  ou t  what happened t o  t h a t  20% t h a t  
d i sappeared .  When they  looked they found t h a t  much of what had d i s t i l l e d  
o u t  by acc iden t  i n  t h e  d i g e s t i o n  w i t h  a c i d  was f u r f u r a l .  So they went t o  
t h e  b igges t  manufacturer  o r  b igges t  maker of o a t  h u l l s ,  which was Quaker 
Oats ,  and they  went i n t o  bus ines s  w i th  Quaker Oats.  O r i g i n a l l y  f u r f u r a l  
wao two and a h a l f  d o l l a r s  a  pound, but by a g g r e s i v e l y  lowerir.11;;; t h e  price 

they  g o t  furfural  down i n  jus t  a few yea r s  t o  about 1 7 - 1 1 2 ~  a pound. Thsve 
b i g  markets developed and now t h e  p r i c e  is  c r eep ing  back up w i t h  t h e  gene ra l  
i n f l a t i o n .  However, I t h i n  1 7 - 1 1 2 ~  i n  1926 was a higher  p r i c e  than  5 0 ~ .  
today.  

Now, t h e r e  a r e  o t h e r  compounds t h a t  w e  could makef rom t h e  corn re- 
s i d u e s  because t h e  f u r f u r a l  s t a r t s  o u t  a s  a f i v e  carbon sugar .  I n  f a c t ,  i t  
s t a r t s  ou t  a s  a  f i v e  carbon sugar  i n  a  long cha in  t h a t  w e  w i l l  c a l l  pentosan.  
We can hydrolyze t h e  corn  cob m a t e r i a l  o r  corn s t o v e r  m a t e r i a l  t o  t h e  f i v e  
carbon sugar ,  and we could i s o l a t e  i t  and s e l l  i t  a s  xy lose ,  but  t h e r e  i s  
n o t  much of a  market.  We could t a k e  t h e  xy lose  and we could hydrogenage i t  
and s e l l  i t  a s  x y l a t o l  and t h i s  i s  a  sweetener t h a t  i s  low i n  c a l o r i e  
va lue .  Xy la to l  i s  supposed t o  be  noncarcinogenic ,  i n  o t h e r  words, i t  does 
n o t  r o t  your t e e t h  o u t ,  and i f  you do no t  mind t h e  l a x a t i v e  problem Erom 
t h e  x y l a t o l  t hen  i t  may be a  g r e a t  th ing .  I n  f a c t ,  i n  Finland they have 
claimed t h a t  i t  a c t u a l l y  h e a l s  t h e  c a v i t i e s  i n  t e e t h .  However, t h e  market 
volume f o r  x y l a t o l  i s  l i k e l y  t o  be  sma l l ,  s o  we ignored i t .  

The C6 suga r s ,  t h e  c e l l u l o s e ,  can be  hydrolyzed t o  glucose,  Then 
you can do t h i n g s  w i t h  t h e  g lucose .  It is  p o s s i b l e  t o  make hydroxymethyl 
f u r f u r a l .  Merck t r i e d  s e l l i n g  hydroxylmethyl f u r f u r a l  and i t  t u r n s  ou t  i t  i s  
about  a s  u s e f u l  a s  l a s t  y e a r ' s  b i c e n t e n n i a l  n e c k t i e s  a r e  now. They were 
n o t  a b l e  t o  ge t  anybody i n t e r e s t e d  i n  i t ,  even though i t  was a  n i c e  i n t e r -  
e s t i n g  compound. Likewise you can make t h e  hydroxymethyl f u r u f u r a l  i n t o  
l e b u l i n i c  a c i d  t h a t  ha s  a  very  smal l  s p e c i a l t y  market,  bu t  w e  ignored i t .  

on& of t h e  d e c i s i o n  f a c t o r s  f o r  i gno r ing  t h e s e  uses  was t h e  
graph i n  F igure  2. To make t h i s  graph we took about  150 o rgan ic  chemicals 
and p l o t t e d  t h e  p r i c e  ve r sus  t h e  volume on a  l o g  p l o t .  The range we a r e  
working w i t h  i s  from a b o u t . 1 0  b i l l i o n  pounds p l o t t e d  a g a i n s t  thousands of  
d o l l a r s  per pound. 

From t h e  graph i t  can be s een  t h s t  t h e  t h i n g s  t h s t  a r e  physiolo-  
g i c a l l y  a c t i v e  such a s  t h e  dyes which a r e  i n t e r a c t i n g  wi th  your e y e b a l l s  and 
t h e  medicinal  chemicals  f l a v o r a n t s ,  and o rdo ran t s ,  have a  r a t h e r  h igh  p r i c e  
and a  low volume. The t h i n g s  t h a t  a r e  b a s i c  b u i l d i n g  b locks  have a  l a r g e  
volume and a  low p r i c e .  
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And f u r f u r a l  a t  5 0 ~  a  pound, i f  it is 5 0 ~  a  pound, f a l l s  i n t o  t h e  
l a r g e  volume and low p r i c e  a r e a  o f  t h e  graph. Now, what we a r e  say ing  i s  
t h a t  we a r e  going t o  bave t o  ge t  t h e  p r i c e  down i f  we wan't t o  ge t  t h e  s a l e s  
volume up. So t h i s  is' t h e  r ea son  t h a t  we t r y  t o  l o o k ' a t  t h e  b i g g e s t  p o s s i b l e  
market.  

I mentioned t h a t  w e  make t h e  f u r f u r a l  from t h e  f i v e  carbon suga r s .  
The f i v e  carbon suga r s  a r e  found i n  almost a l l  a g r i c u l t u r a l  p roducts .  Corn 
cobs and o a t  h u l l s  a r e  e s p e c i a l l y  ri-ch i n  t h e s e  Eugars. Bagasse has a l i t t l e  
b i t  less. I n  F in land  they a r e  making f u r f u r a l  from birchwood sc rap .  Table  
- shows how much f u r f u r a l  can be produced from v a r i o u s  c rops .  The numbers 
i n  p a r e n t h e s i s  a r e  some B a t t e l l e  e s t i m a t e s .  The numbers t h a t  a r e  no t  i n  
p a r e n t h e s i s  come from Dunlop and P e t e r s '  book on t h e  fu rans .  F u r I u r a l  a l s o  
can  be made from o l i v e  p i t s  o r  d a t e  seeds  o r  even from pinewood waste ,  a l -  
though t h e  pinewoods and t h e  s o f t  woods i n  gene ra l  have about  h a l f  t h e  con- 
t e n t  of  t h e  t h i n g s  such a s  birchwood and o t h e r  hardwoods. 

S o  w i t h  corn  cobs we have 30% pentosans.  By t h e  t ime we run t h e  
r e a c t i o n  w e  g e t  about  1 3  pounds of f u r f u r a l  o u t .  

Now, l e t  m e  j u s t  t e l l  a  1 . i - t t l e  b i t  of t h e  h i a t n r y  n f  fi.irful-a1 pro- 
duc t ion .  Quaker Oats ,  as I mentioned, s t a r t e d  ou t  wi th  o a t  h u l l s ,  bu t  i f  
you a r e  s e l l i n g  o a t  h u l l s  f o r  animal feed and s e l l i n g  o a t  h u l l s  t o  your fu r -  
f u r a l  p l a n t ,  you a r e  competing wi th  you r se l f  and you run up t h e  p r i c e  of 
t h e  o a t  h u l l s  even i f  i t  is  t h e  t r a n s f e r  p r i c e .  So t h e r e  i s  only  a  l i m i t e d  
amount of oak h u l l s  a v a i l a b l e  and some of t h a t  is  ded ic t ed  t o  animal feed .  

So t h e  n  Quaker Oats looked a t  u s ing  corn cobs t o  produce f u r f u r a l .  
During World War 11, when i t  was necessary  t o  ge t  l o t s  of buLadiene our  of 
petroleum f r a c t i o n s  f o r  use i n  t h e  s y n t h e t i c  rubber  program, a p l a n t  was 
b u i l t  i n  Memphis, Tennessee, t o  UEC c o t t o n  seed l l u l l s .  But i t  was soon tound 
t h a t  c o t t o n  seed h u l l s  were more u s e f u l  o r  had a  h ighe r  p r i c e  f o r  an animal 
I r e d  than rhey  d i d  a s  a  raw m a t e r i a l  f o r  f u r f u r a l ,  s o  t h i s  almost d i sappeared  
a s  a  raw n l a t r r i a l  and people  brought corn cobs down t h e  I l l i n o i s  River  by 
rhe bargeload a l l  t h e  way down t o  Memphis. 

Down i n  Re1 1 e Glade, F l o r i d a ,  and a t  LaRomana i l l  L I I ~  Dumin i~an  
Republ ic  bagasse i s  used t o  produce fu r fu ra l ,  a s  i t  i s  elsewhere i n  t h e  world. 
And a s  I mentioned, i n  F in land  they use  t h e  birchwood. 

Now we a r e  looking  a t  u s ing  t h e  corn  s t o v e r  t o  make f u r f u r a l  and 
a s  a f i r s t  approximation i t  y i e l d s  about  l i k e  t h a t  of  bagasse,  but  we thinlc 
w e  can g e t  a  l i t t l e  h ighe r  y i e l d .  

A proces s  f o r  making fur fura l .  is shown i n  F igu re  3 .  Thi s  f i g u r e  
shows t h e  p roces s  u s ing  a  r o t a r y  d i g e s t e r .  This  i s  t h e  old-fashioned t r i e d  
and t r u e  approach. Some people  have used cont inuous d i g e s t e r s .  A t  t h e  
beginning  of t h e  process  we add our  s t o v e r  and some s u l p h u r i c  a c i d  and we r u n  
i n  h igh  p r e s s u r e  steam. We have t o  use 28 tons  o f  steam f o r  every t on  of 
f u r f u r a l  t h a t  we g e t  ou t .  It d i s t i l l s  over  wi th  t h e  steam. Then we c l e a n  
up t h e  p roduc t s  and we e s t i m a t e  a  f u r f u r a l  y i e l d  of about 8-112% of t h e  
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s t o v e r  we s t a r t e d  w i t h .  I n  a d d i t i o n  t h e  a c e t i c  a c i d  y i e l d  i s  a s  much a s  5- 
115% of t h e  o r i g i n a l  amount of s t o v e r .  We t h i n k  t h a t  i t  i s  impor tan t  t o  re -  
cover  t h e  a c e t i c  a c i d  and u s e  i t .  I n  a d d i t i o n  t h e r e  a r e  1-112% of methyl  
a l c o h o l .  Another product:  i s  methyl  a c e t a t e .  Its i n  t h e  l i t e r a t u r e  a s  a c e t o n e  
b u t  I s u s p e c t  t h a t  i t  i s  methyl  a c e t a t e  and I have r e p o r t e d  i t  t h a t  way. They 
b o t h  b o i l  a t  t h e  same p l a c e  and I do n o t  r e a l l y  b e l i e v e  t h a t  a c e t o n e  i s  pro- 
duced. 

Now, a f t e r  we have done t h i s  d i g e s t i n g  and i f  we u s e  t h e  r o t a r y  
d i g e s t e r  i t  w i l l  t a k e  6  o r  8  h r ,  w e  t h e n  t a k e  t h e  m a t e r i a l  and r u n  i t  th rough  
a  screw p r e s s .  From t h e  screw p r e s s  we g e t  o u t  a r e s i d u e  t h a t  i s  35% w a t e r  
and w e  have some s p e n t  a c i d ,  and t h e r e  is  a l i t t l e  b i t  of  h y d r o l y s i s  of t h e  
c e l l u l o s e  t o  g i v e  u s  g l u c o s e .  We can r u n  t h e  g l u c o s e  o v e r  t o  a n  a l c o h o l  
p l a n t  i f  we have one.  

Now, we ana lyzed  t h e  c o s t  of t h i s  p r o c e s s .  F i r s t  l e t  me t e l l  
you what some of t h e  ground r u l e s  a r e  f o r  t h e  c o s t  a n a l y s i s .  W e  used $36 
a  t o n  f o r  t h e  raw m a t e r i a l  on a  d r y  b a s i s .  Now, you remember D r .  McClure 's  
numbers ranged from $27 up t o  a s  much as $70. And we f i g u r e d  t h a t  $36 was 
a  p r e t t y  good number f o r  a  r e a s o n a b l e  h a u l i n g  d i s t a n c e .  W e  t h e n  c a l c u l a t e d  
t h e  s e n s i t i v i t y  t o  t h i s  c o s t .  Our o p e r a t i n g  c o s t s  i n c l u d e  l a b o r  and super-  
v i s i o n  and maintenance and j u s t  abou t  e v e r y t h i n g  e l s e  we could  t h i n g  o f .  
M a i n t e n a n c e ' i s  a s  g r e a t  a  c o s t  a s  l a b o r  i n  t h i s  k i n d  o f  a n  a c t i v i t y .  

Our a n n u a l i z e d  c o s t  was made on t h e  b a s i s  of t a k i n g  p l a n t  and 
o f f s i t e s ,  and t h e  o f f s i t e s  a r e  a lmost  e q u a l  t o  t h e  c o s t  of t h e  p l a n t  i n  
many c a s e s .  Working c a p i t a l ,  a c c o u n t s  r e c e i v a b l e ,  i n v e n t o r y ,  and s t a r t u p  
c o s t s  were a l l  c o n s i d e r e d  i n  t h e  c o s t  a n a l y s i s .  

W e  c a l c u l a t e d  c o s t  u s i n g  60% d e b t  and 8-314% i n t e r e s t  on t h a t  
d e b t  and a 14% r e t u r n  on e q u i t y  a f t e r  t a x e s .  We t h i n k  t h e s e  assumptions  
r e p r e s e n t  a  f a i r  p i c t u r e  of t h e  k i n d  o f  economics t h a t  one might u s e .  Then 
we c a l c u l a t e d  what would b e  t h e  a n n u a l i z e d  payments. These payments would 
pay o f f  t h e  i n t e r e s t  and t h e  e q u i t y  and would p r o v i d e  f o r  replacement  
of t h e  c a p i t a l .  

Then w e  c a l c u l a t e d  t h e  v a l u e  o f  t h e  r e s i d u e s .  W e  used a  d o l l a r  
a  m i l l i o n  Btu lower h e a t i n g  v a l u e  f o r  t h e  byproduc t s .  The a c e t i c  a c i d  s e l l s  
on t h e  market f o r  17C a  l b ,  b u t  we are g e t t i n g  t h e  a c i d  o u t  d i l u t e d  w i t h  a 
l o t  o f  w a t e r  and a  l o t  of c leanup ,  s o  we j u s t  va lued  i t  a t  6C a  l b .  

I might ment ion abou t  t h i s  lower  h e a t i n g  v a l u e .  Peop le  who r e p o r t  
h e a t i n g  v a l u e s  g e n e r a l l y  r e p o r t  a  h i g h e r  h e a t i n g  v a l u e ,  which i s  what you 
g e t  i n  a  bomb c o l o r i m e t e r .  However, i n  t h e  bomb c o l o r i m e t e r  any s team t h a t  
i s  formed g e t s  condensed a g a i n  and you g e t  t h a t  h e a t  back.  But t h e  lower  
h e a t i n g  v a l u e  i s  what you g e t  when you burn t h e  s u b s t a n c e  and l e t  t h e  s team 
go up t h e  s t a c k .  So t h e  s team i s  n o t  condensed and you do n o t  g c t  t h e  h e a t  
back from t h e  condensa t ion  p r o c e s s .  T h i s  means i f  you have a  mois t  m a t e r i a l  
t h a n  you n o t  o n l y  a r e  d i l u t i n g  t h e  c a l o r i e  v a l u e  w i t h  t h e  w a t e r ,  b u t  e x t r a  
energy  is  needed t o  e v a p o r a t e  t h e  water. And l i k e w i s e  i f  t h e r e  is  hydrogen 
i n  t h e  compound, t h a t  hydrogen forms w a t e r  which a l s o  i s  l o s t  a s  steam. T h i s  
i s  why we have used lower  h e a t i n g  v a l u e s .  For  f o s s i l  f u e l s  u s i n g  lower hea t -  
i n g  v a l u e s  makes a  d i f f e r e n c e  of maybe 5  o r  6%, b u t  f o r  biomass m a t e r i a l s  and 
munic ipa l  s o l i d  w a s t e s  and t h i n g s  o f  t h a t  s o r t  i t  can  b e  as much of a d i f f e r e n c e  
a s  25%. So we want t o  keep i n  mind what h e a t i n g  v a l u e s  we a r e  d e a l i n g  w i t h .  
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The way w e  c a l c u l a t e d  our  c o s t s  was t o  go t o  t h e  l i t e r a t u r e .  We 
found a book on sugarcane byproducts w r i t t e n  by Pa t e r au .  H e  had es t imated  
what i t  would c o s t  t o  b u i l d  a  smal l  p l a n t  us ing  bagasse.  We s c a l e d  i t  up 
us ing  a  s c a l e  f a c t o r  of 0.65, which means we put  i t  on a  l o g  p l o t  and used 
t h e  s l o p e  of  0.65. Th i s  i s  a  common way t h a t  eng inee r s  m u l t i p l y  t h e i r  ignor-  
ance.  They t a k e  one number and then  they draw a  s t r a i g h t  l i n e  u s ing  an as -  
sumed s c a l e  f a c t o r  of 0.65 o r  0.6 o r  0.7.  A s c a l e  f a c t o r  of 0 .6 ,  j u s t  t o  s e t  
t h e  s t a g e ,  means i f  you b u i l d  t h e  p l a n t  tw ice  a s  b i g  i t  only  c o s t s  you 1 . 6  
t i m e s  a s  much. O r  i f  you b u i l d  i t  f i v e  t imes as  big i t  only r .nsts  three 
t imes  a s  much. So t h a t  i s  t h e  kind of s c a l e  f a c t o r  we a r e  t a l k i n g  about .  

We assumed our  e l e c t r i c i t y  would c o s t  3C a  kw-hr and our  h igh  pres -  
s u r e  steal11 would c o s t  3~  a  thousand l b  of steam, We had Inw press l i re  steam 
coming out  and w e  gave ou r se lves  a  c r e d i t  of $2  a  thousand l b  f o r  t h a t .  

The r e s u l t s  of t h i s  a n a l y s i s  a r e  shown i n  Tabre 2. These e s t i -  
mates were made f o r  a  p l a n t  t h a t  would use about  1 ,600 tons  a  day of s t o v e r ,  
a  l i t t l e  over  h a l f  a  m i l l i o n  t ons  p e r  yea r  i f  we o p e r a t e  t h e  p l a n t  330 days.  
It i s  comparable t o  the s i z e  u n i t  t h a t  D r .  McClure was t a l k i n g  about ,  550 
thousands of t ons  pe r  yea r .  And we a r e  producing 135 t o n s  a  day of f u r f u r a l ,  
which is  45,000 t o n s  a  y e a r  o r  i f  you l i k e  b i g  numbers 90 m i l l i o n  l b  per  y e a r .  
The t o t a l  U.S. p roduct ion  of f u r f u r a l  is  150 m i l l i o n  l b  pe r  y e a r ,  s o  we a r e  
t a l k i n g  about  a  l a r g e  p l a n t .  

Now, t h e  l a r g e  p l a n t  has  an advantage i n  t h a t  i t  i s  cheaper be- 
cause  of  t h e  s c a l e  f a c t o r .  However, i t  runs  up our  c o s t s  of c o l l e c t i o n ,  be+- 
cause  a s  you go t o  ever - increas ing  c i r c l e s  you i n c r e a s e  your average  c o s t  of 
m a t e r i a l .  That i s  d i f f e r e n t  from many processes  where you expect  t h e  c o s t s  
o f  your raw m a t e r i a l  t o  s t a y  cons t an t  o r  even dec rease  a s  ynu i n c r e a s e  t h e  
s c a l e .  

Now, o u r  b a t t e r y  l i m i t c  p l a n t ,  t h a t  means t h e  ~ q u i p u l e t ~ t  :I.n p l a c e ,  
w e  c a l c u l a t e d  a s  c o s t i n g  about 50 m i l l i o n  dnll.ass, bu t  by t h e  t ime you put  
i n  t h e  o f f s i t e s  and t h e  f i r e  s t a t i o n  and t h e  l i t t l e  l a b  and t h e  c a f e t e r i a  
and some park ing  l o t s  and s t o r a g e  and s o  on, i t  g e t s  up t o  80 m i l l i o n  dol-  
l a r s .  This  i s  ano the r  t h i n g  t o  watch, t o  make s u r e  t h a t  you a r e  Looking a t  
t h e  whole p l a n t  and no t  j u s t  t h e  b a t t e r y  l i m i t s  p l a n t  when yoi~ see numbers. 

As yuu c a u  see horn -Table 2 t h e  byproduct c r e d i t s  a r e  an  ap- 
p r e c i a b l e  f a c t o r  he re .  The byproduct c r e d i t s  a r e  based on both t h e  a c e t i c  
a c i d  and on t h e  h e a t i n g  va lue  of t h e , r e s i d u e s  and on t h e  recovered steam, 
bu t  i t  does no t  i nc lude  anyth ing  f o r  t h e  suga r s  t h a t  might be i n  t h e  spent  
s o l u t i o n  and f o r  t h e  methanol o r  methyl a c e t a t e .  

Notice  t h a t  t h e  c o s t  of f u r f u r a l  from our s t o v e r  comes t o  3 9 ~  
a  pound a t  t h e  p l a n t  and u s u a l l y  you use a  r u l e  of thumb t h a t  says  30% ex- 
t r a  f o r  your c o s t s  of market ing and d i s t r i b u t i o n  and t h a t  b r i n g s  t h e  c o s t  up 
t o  5 0 ~  a  pound, which is  about  what Quaker O a t s  i s  charg ing  now. So t h i s  
g i v e s  u s  a  l i t t l e  b i t  of  confidence i n  our  numbers. 



TABLE 2 

COSTS OF FURFURAL FROM CORN STOVER 

TOTAL 3 , 9 3  



Now, how does t h e  c o s t  of f u r f u r a l  vary wi th  t h e  raw m a t e r i a l  c o s t s ?  
F igu re  4 g r a p h i c a l l y  i l l u s t r a t e s  t h e  answer t o  t h i s  ques t ion .  We valued t h e  
raw m a t e r i a l  a t  $36 a  t on  but i f  you have zero c o s t s  f o r  your m a t e r i a l ,  t h e  
f u r f u r a l w i l l  c o s t  1 7 ~  a  pound, and i f  t h e  raw ma te r i a l  c o s t s  $20 a  t o n  t h e  
f u r f u r a l  w i l l  c o s t  around 2 8 ~ .  Now what i t  means i s  t h a t  i f  we a r e  going t o  
make money on f u r f u r a l  a lone ,  even wi th  a l l  t h e s e  byproduct c r e d i t s ,  then  we 
have got  t o  c u t  down t h e  c o s t s  of t h e  m a t e r i a l .  But you w i l l  s e e  l a t e r  t h a t  
we play '  some where we t ake  t h e  r e s idue  and i n s t e a d  of burning i t  we 
g e t  some o t h e r  va lues  ou t  of i t  and t h a t  makes our  c o s t  e s t ima te  look a  l i t t l e  
b e t t e r .  

We a l s o  compared t h e  c o s t  of making f u r f u r a l  from corn  s t o v e r  with 

t h e  c o s t  of making it from bagasse.  This  comparison is  shvwn i n  Table 3.  
With bagasse you a r e  ahead a s  f a r  a s  t he  c o s t  of c o l l e c t i o n  because you have 
t o  b r i n g  t h e  bagasse t o  t h e  sugar  m i l l  w i t h  t h e  sugar  j u i c e ,  so t h a t  t h e  c n s t s  
of c o l l e c t i o n  a r e  borne j o i n t l y  by t h e  sugar  ven tu re  and by t h e  baagssee ven- 
t u r e .  And when we d id  our s tudy  of sugar  we found t h a t  $1 a  m i l l i o n  Btu f o r  
bagasse lower h e a t i n g  va lue  was a  reasonable  number. That i s  about what low 
su lphur  coa t  s e l l s  f o r  i n  small  amounts de l ive red .  It a l s o  gave us  a  c o s t  of 
$6 a  pound f o r  t h e  fermentable  sugars .  That a l s o  i s  a reasonable  number, s o  
t h a t  we t h i n k  t h i s  is  t h e  b e s t  combination t o  use.  And you s e e  from t h e  t a b l e  
t h a t  t h e  ope ra t ing  c o s t s  a r e  t h e  same f o r  bagasse and corn s tove r .  

The c a p i t a l  charge i s  h igher  i n  t h e  case  of s tove r .  This  i s  because 

we have a  l a r g e r  working c a p i t a l  wi th  corn s tove r .  The product i s  more expen- 
s i v e  and we have t o  s t o r e  s e v e r a l  months' supply and t h a t  runs  up t h e  c a p i t a l  
investment .  We a l s o  have t o  s t o r e  some raw m a t e r i a l  and t h a t  runs up t h e  
c a p i t a l  investment .  

The byproduct c r e d i t  is  a l i t t l e  h i g l ~ e r  l o r  t h e  bagasse for t h e  
same s i z e  p l a n t  because bagasse has more l i g n i n  than s t o v e r  and so we gave 

ou r se lves  a  h ighe r  c r e d i t  per  pound because t h e r e  were more ~ t u ' s  per  pound. 

So he re  wi th  t h e  bagasse our  c o s t s  a r e  2 9 ~  without  d i s t r i b u t i o n  and 
38$ wi th ,  and what t h i s  means is  t h a t  you .are  b e t t e r  o f f  going wi th  bagasse 
than  wi th  corn  s tove r .  This i s  due p r i n c i p a l l y  t o  the  cos t  of t h e  raw m a t e r i a l .  

I would l i k e  t o  mention j u s t  one o t h e r  t h i n g  about t h e  h i s t o r y  of 
f u r f u r a l  t h a t  i l l u s t r a t e s  something having t o  do wi th  t h e  whole biomass pro- 
blem and t h a t  i s  duPont was us ing  f u r f u r a l  t o  make nylon. They developed a 
way of making nylon us ing  butadiene.  Butadiene s t a r t e d  t o  be very cheap. Of 
cou r se ,  they  d i s t i l l e d  i t  out  us ing  t h e  f u r f u r a l ,  bat  nobody t a l k s . a b o u t  t h a t .  

The butad iene  was cheap and so  they s a i d  t o  Quaker Oats ,  "go f i n d  some o t h e r  ' 

customer.11 So Quaker Oats worked r e a l  hard and found some o t h e r  customers. 
Then duPont wanted t o  make l y c r a  spandex m a t e r i a l ,  u re thane ,  and they  wanted 
t o  use  t e t r ahydro fu ran ,  so they went back t o  Quaker Oats and s a i d ,  "Hey, we 

would l i k e  t o  buy some f u r f u r a l , "  and Quaker Oats s a i d ,  "we would have t o  bu i ld  
a  new p l a n t  f o r  you and we do not want t o  get t i e d  up wi th  you because we 
know you w i l l  walk.away." Well, what happened was t h a t  they picked t h e  
l a r g e s t  ou tput  sugar  m i l l  i n  t h e  world, LaRomana i n  t h e  Dominican Republic 
Cen t r a l a  Romana. They b u i l t  a  f u r f u r a l  p l an t  using bagasse and i t  was oper- 
a t e d  by t h e  South Puer to  Rico Sugar Company using technology t r a n s f e r r e d  o r  
l i c e n s e d  from Quaker Oats.  
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TABLE 3 

COSTS OF FURFURAL FROM BAGASSE \ IS,  CORY STOVE? 

RAW :%TERIAL 7,143 19,033 

OPERATI NG COSTS 16,248 16,248 
ANNUALIZED CAPITAL CHARGE 7,853 9,225 

' BY-PRODUCT CREI) I TS (19,298) (9,555) 

' TOTAL 20,35 %,93 I 



Then a few y e a r s  l a t e r  duPont d i s c o v e r e d  t h e y  could  make t e t r a -  
hydrofuran  from a c e t y l e n e  and formaldehyde and t h e y  s a i d  t c  South P u e r t o  
Rico Sugar ,  "Well, f i n d  a n o t h e r  customer.  I '  

Well, nowadays t h e y  have found new customers  and f u r f u r a l  i s  s h o r t .  
Now t h e y  a r e  u s i n g  r i c e  h u l l s .  A new p l a n t  i s  b e i n g  b u i l t  by Quaker Oats  n e a r  
Houston t h a t  w i l l  u s e  r i c e  h u l l s  i n  s p i t e  of t h e  f a c t  t h a t  you g e t  a  low y i e l d  
and you have a  l o t  o f  s i l i c a ,  20% s i l i c a ,  i n  t h e  m a t e r i a l  t h a t  you u s e .  But 
t h e  moral  is ,  when you a r e  d e a l i n g  w i t h  a n  a g r i c u l t u r a l  p roduc t  t h e  chemical  
f i r m  would r a t h e r  go f i n d  a  n i c e ,  s t a b l e  chemical  s o u r c e .  

Now, o f  c o u r s e ,  w i t h  Arab o i l  f l u c t u a t i n g  up and n o t  down, a t  least 
t h e y  know what t h e y  can coun t  on. The p r i c e  of a g r i c u l t u r a l  p r o d u c t s  go up 
and t h e y  go down, and u n c e r t a i n t y  is  something t h a t  p e o p l e  making l a r g e  i n v e s t -  
ments do n o t  l i k e  t o  d e a l  w i t h .  

Now I would l i k e  t o  say  something abou t  e t h y l  a l c o h o l .  The p r i c e  of 
e t h y l  a l c o h o l  d i s t r i b u t e d  is  now about  $1.15 a g a l .  I f  i t  is  bought d i r e c t l y  
on t h e  s p o t  i t  can be  had f o r  8 0 ~ ,  b u t . S l . 1 5  i s  t h e  p u b l i s h e d  number t h a t  we 
have been working w i t h .  Over a  b i l l i o n  pounds a r e  produced a n n u a l l y  which means 
accord ing  t o  o u r  graph i n  F i g u r e  2 it f a l l s  i n  t h e  range  o f  a l a r g e  volume and 
low p r i c e  commodity. E t h y l  a l c o h o l  i s  u s e d ,  a s  you w e l l  know, a s  a beverage  
and a l s o  a s  a s o l v e n t  and a  chemical  i n t e r m e d i a t e .  You can make e t h y l  e s t e r s  
from a l c o h o l  o r  t h e  a l c o h o l  can be  made i n t o  a c i d  a ldehyde .which  i s  t h e n  made 
i n t o  a c e t i c  a c i d ,  and you can make a l l  s o r t s  o f  chemica l s  from a c e t i c  a c i d .  
E t h y l  a l c o h o l  once w a s  used f o r  making e t h y l e n e .  Nowadays, i t  i s  made from 
e t h y l e n e .  E t h y l  a l c o h o l  could  be  made from g r a i n  o r  molasses  i f  p r o c e s s i n g  
c o s t  comes down. 

Now, a  number of t h i n g s  have made u s  wonder whether  t h e  c o s t  of 
p r o c e s s i n g  e t h y l  a l c o h o l  from g r a i n  o r  molasses  i s  going t o  come down. We 
have heard  abou t  some new p r o c e s s e s  f o r  making e t h a n o l  from g r a i n  o r  from 
molasses  o r  from any s u g a r  m a t e r i a l .  There  i s  t h e  s o - c a l l e d  Anflow p r o c e s s  
t h a t  h a s  enzymes t i e d  up on a  p i p e  and i t  changes  t h e  m a t e r i a l  a s  t h e  m a t e r i a l  
f lows th rough  t h e  p i p e .  P r o f e s s o r  Wilke h a s  developed a  vacuum p r o c e s s  
and t h e r e  a r e  a l l  s o r t s  of i n t e r e s t i n g  t h i n g s  on t h e  h o r i z o n .  But t h e  p r o c e s s  
t h a t  w e  a r e  going t o  l o o k  a t  is  shown i n  F i g u r e  5. 

I n  t h i s  p r o c e s s  we t a k e  t h e  corn  meal and mix i t  w i t h  an enzyme t h a t  
c o n v e r t s  t h e  s t a r c h  i n t o  s u g a r ,  t h e n  we cook i t .  Then we add y e a s t  and w e  
ferment  i t .  Next we d i s t i l l  i t ,  and from t h e  f e r m e n t e r  and from t h e  d i s t i l l a -  
t i o n  we g e t  t h e  s p e n t  g r a i n s .  We can d r y  t h e s e  and s e l l  them f o r  animal  f e e d .  

The d i s t i l l a t e  we r u n  th rough  a n o t h e r  s t i l l  t o  lower  t h e  w a t e r  con- 
t e n t  down t o  abou t  5%. We have t o  do s t i l l  one more d i s t i l l a t i o n  i f  we want 
t o  lower t h e  m o i s t u r e  c o n t e n t  beyond 5%. P r o f e s s o r  S c h e l l e r  h a s  looked a t  
w a y s  of  t a k i n g  t h e  s t i l l a g e  and i n s t e a d  of s e l l i n g  i t  f o r  a n i ~ u a l  f eed  e x t r a c t -  
i n g  a  h i g h  v a l u e  o f  human p r o t e i n  c o n c e n t r a t e .  

Another t e c h n i q u e  t h a t  can  be used t o  improve t h e  economics of t h i s  
p r o c e s s  i s  t o  remove t h e  germ a t  t h e  beg inn ing  o f , t h e  p r o c e s s ,  and t h e n  squeeze  
t h e  o i l  o u t  of t h e  germ and se l l  t h e  o i l  f o r  u s e  i n  making margar ine .  The s p e n t  
m a t e r i a l  goes  t h e n  t o  an imal  f e e d .  
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Figure 5 



This process is a variation, on the conventional dry million process. 
There is another approach that starts with wet milling. In this process, shown 
in Figure 6, you take the corn and squeeze everything out of it you can. Then. 
you steep it in water to loosen the germ and to loosen the hull. The steep 
water has some vitamins in it which you extract and sell. Next, you dry the 
steep water and use it for animal feed. You degerminate and take the germ off 
and, as mentioned earlier, you get the oil out of the germ and sell what germ 
is left over for animal feed. Then you grind the corn, and get the hull off. 
The hull is also sold for animal feed. Next, the ground starch is separated 
from the gluten, which is the protein part, and you also sell the gluten for 
animal feed. Since the gluten is yellow you can sell it to poultry producers. 
The reason poultry producers are interested in yellow feed is because you are 
not allowed to put dye in egg noodles, but you can put the dye in the chicken 
and get the dye to come through in the eggs and that colors the egg noodles 
yellow. The dye fed the chickens is the natural yellow color fo the corn. 
So m r n  gluten has a special value in poultry feed over what it would have, 
say, in hog feed or in ruminant feed. 

The starch can either be sold or made into industrial starches or 
dextrins or whatever. Or it can be hydrolyzed to get corn syrup. The corn 
syrup is mostly a glucose solution having about 0.8 the sweetening power of 
sucrose. Somebody was clever and said, now let's make it as sweet as sucrose, 
and so they found a different enzyme which converts the corn syrup to a 
mixture of fructose plus glucose which is about the sane composition as you 
have in honey. The fructose is sweeter than sugar and counterbalances the 
lower value for the glucose, also known as dextrose. So this fructose syrup 
has a sweetening power that is quite high. 

Now,we could modify this corn wet million process as shown in Figure 
7. Instead of separating the starch we would take the "easy" starch off 
and then we would ferment the startch that is left. We would take the gluten 
which is left over and distill it to sell for animal feed. There is a plant 
grain processing at Muscatine, Iowa, that uses this process and several others 
have been built. We decided to ignore this particular approach because we 
had to value the high fructose syrup and all of the different kinds of animal 
feeds available from.the corn wet-million process. We figured it was better 
to run through our cost estimates the first time with the standard process. 

Table 4 shows the cost analysis for a plant that uses 24 million 
bushels of corn a year to produce about 70 million gallons of 95% alcohol. 
So with corn at two and a half dollars a bushel, we estimate the cost of 
ethyl alcohol or ethanol to be $1.18 per gal before the cost of the distri- 
bution or $1.53 per gal after distribution. We should compare our estimate 
of $1.53 with the $1.15 cost esimate that is listed in the Chemical Marketing 
Reporter. So you can see that cost of ethanol depends heavily on the by- 
product credit. 

Figure 8 shows the results of our analysis on how the cost of ethanol 
varies with the cost of corn. You can see from the graph that even with 
corn for free ethanol would cost around 5 9 ~  a gal and I do not think we will 
see corn as low as $2 again. Now, Professor Scheller has some ideas about 
using spoiled grain. Using spoiled grain would lower the'costs, but it may 
affect the value of your stillage. 
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TABLE 4 

COST O F  E T H A N O L  FROM CORri G R A I N  

TOTAL 80859 





F i g u r e  9 compares d i s t i l l a g e  v a l u e  w i t h c o r n  value. You s e e  they 
p a r a l l e l  each  o ther  n i c e l y  u n t i l  January 1, 1976. A f t e r  t h a t  t h e  two p r i c e s  
d iverged .  

F igu re  10 compares t h e  c o s t  of  e thanol  w i t h  t h e  c r e d i t  you ge t  f o r  
s e l l i n g  t h e  s t i l l a g e .  So you can see the problems when d e a l i n g  wi th  an a g r i -  
c u l t u r a l  commodity. When t h e  s t i l l a g e  c r e d i t  is  h igh ,  t h e  process  w i l l  
produce e t h a n o l  economical ly;  when t h e  s t i l l a g e  c r e d i t  goes down it w i l l  n o t .  

I n  Table  5 we have compared t h e  c o s t  of making e thano l  from corn  
w i t h  t h e  c o s t  of making i t  from sugarcane.  The fe rmentab le  j u i c e s  from t h e  
sugarcane c o s t  G C  a l b .  The process  f o r  sugarcane is t h e  same as f o r  corn.  
Notice t h e  byproduct c r e d i t  i n  t h e  ca se  of t h e  sugarcane is much less because 
w e  do no t  have a s  much p r o t e i n  and we have more s a l t s .  So our  cos t  f n r  t h e  
p t h a n ~ l  cnmr.n n l l t  aLwub Lhc 3aihe ~ L U I I I  ~lle rwo processes .  The problems wi th  
u s ing  sugarcane i s  t h a t  w e  have tn  .qtnre t h e  ; ju ice  far 6 uloi1 l .11~ w h ~ r e a s  i n  
t h c  c a m  of c u ~ 1 1  you can buy g r a i n  on t h e  open markct a l l  yea r  round and 
only  have t o  s t o r e  a week's worth. So you wol-kiilg c a p l r a l  w i t h  corn  i s  mucli 
less. 

So a s  a  f i r s t  approximation we show t h a t  t h e  c o s t s  of making e thano l  
from corn and sugarcane a r e  t h e  same and t h a t  bo th  c o s t s  a r e  h ighe r  than c u r r e n t  
c o s t s  f o r  making e t h n a o l  from e thy lene .  F igure  11 compares t h e  c o s t  of  ethanol. 
w i t h  t h c  c o s t  of petroleum. From t h i s  graph w e  determine t h a t  o i l  would have 
t o  c o s t  $20 a  b a r r e l  b e f o r e  making e t h a n o l  from corn  could complete w i th  
making e t h a n o l  from petroleum. And i f  we want t o  use  t h e  e thano l  t o  make 
e t h y l e n e ,  o i l  has  t o  g e t  up - to  $35 a  b a r r c l ,  be fo re  i t  would be  cheaper  t o  
do t h i s  than  t o  make t h e  e thy l ene  from petrolcum. And a l though no t  shown on 
t h e  graph, 051 would have t o  c o s t  $85 a  b a r r e l  b e f o r e  it would pay t o  burn 
a l c o h o l  from corn  i n  an automobile.  

Quesrfon: Yes, how a c c u r a t e  i s  yollr c o s t  e s t i m a t e ?  Can y n i ~  say 
1 t i s  a c c u r a t e  to " t  52? - 

D r .  Sheppard: I f  you wanted t h e  c o s t  a c c u r a t e  t o  5%, you would 
havz t o  b u i l d  t h e  p l a n t  and then  see what .your  r e s u l t s  were a f t e rward .  
These a r e  eng inee r ing  c o s t s  and they a r e  o f f  maybe by a  f a c t o r  of 50% on 
t h e  h i g h  s i d e  and 30% on t h e  low s j d e ,  Tn stlzcr words,  tidy a L r  nor very 
dependable u n t i l  you b u i l d  t h e  p l a n t  y o u r s e l f .  

Now, P r o f e s s o r  S c h e l l e r  is  g e t t i n g  b i d s  p r e s e n t l y  on an a l c o h o l  
p l a n t  i n  Nebraska and t h e n  we w i l l  know t h e  c o s t s  b e t t e r  when J t  i s  finirshcd. 

We have n o t  r e a l l y  done any engineer ing  drawings on t h i s .  So our  
e s t i m a t e s  a r e  i n d i r . a t i v e  kind of numbers. 

Question: Your d i s t r i b u t i o n  c o s t  is  30%, does t h a t  i nc lude  your 
turn-on investment? 

D r .  Sheppard: Now, t h e  c o s t  o f . S l . 1 8  f o r  t h e  g a l l o n  inc lude  t h e  
r e t u r n  on c a p i t a l  used i n  t h e  manufacturing. The 30% i s  market ing charges 
5ncluding t h e  p r o f i t  on t h e  market ing p a r t ' o f  t h e  e n t e r p r i s e .  I n  o t h e r  words, 
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you go to a solvent company and say, I want to buy the alcohol and he supplies 
you from the warehouse in your own town. And so he has the distribution and 
warehousing costs and a profit on that. part of his business and it all totals 
to a 30% mark-up. 

Question: It sounds a little bit high if that is what you are 
saying it is. 

The other question I had was, how does your price here compare with 
the present rates for a fermentation grade ethanol, which is what you are 
looking at? 

Dr. Sheppard: The fermentation grade ethanol, you mean sold for 
beverage purposes? 

Question: Oh, no. 

Dr. Sheppard: I do not know what the current price is. If you 
were a medicinal alcohol user and were able to buy it tax free, it would be 
about $1.20. You pay something for the bookkeeping because you have to keep 
it locked up and you have to have treasury guys there when you unlock it and 
thigns of that sort. 

Question: You talked about the uses of ethanol. I know you can 
take propanol into propane, which is a motor fuel. Do you know how to get 
from ethanol to propanol? 

Dr. Sh~ppard: Ethanol to propanol? Wcll, you can do it. You can 
use oxoprocess approach or you could make ethylene and then use the oxoprocess. 
'l'here are ways of doing this. I do not think you would really want to. You 
could just burn the ethanol as it is as a motor fuel and it is perfectly 
fine. You would not want to spend another 5 0 ~  to convert it to something 
that was just a little bit higher in boi1,ing point. 

Question: Does propane give you a longer range for vehicle use? 

Dr. Sheppard: Yes, Detroit's approach would be put a larger gas 
tank in. 

Question: Bill, I believe you said that you used $2 per million 
Btu for bagasse? 

Dr. Sheppard: A dollar million Btu, lower heating value. And 
that, as ybu can weil attest, may be a low number. 

Question: That is a very low number. You come up with about $24 
on your chart here, using 29c come up with about $24 per bone dry ton of 
bagasse. Now, that really is just fuel value. Now, you have got tremendous 
costs,of storing it, retrieving it.from scorage, and getting it up to your 
plant .or to your digester. So I think you have got to add quite a lot on 
to that to probably bring it up to the $36 you have for the stover. I do not 



know whether you inc luded  s t o r a g e  c o s t s  of t h e  s t o v e r ,  but  t h e  s t o r a g e  and 
t h e  r e t r i e v a l  c o s t s  a r e  very  h igh  f o r  t h e s e  m a t e r i a l s .  I mean r e t r i e v a l  c o s t s  
might be  a s  much a s  $5 a  ton.  

D r .  Sheppard: This  is,  i n  a  s ense ,  b u i l t  i n t o  our  o p e r a t i n g  c o s t s .  
O r  w e  t r i e d  t o  b u i l d  i t  i n t o  t h e  o p e r a t i n g  c o s t s .  So we took t h e  c o s t  of 
f r e s h l y  ob ta ined  bagasse  a s  a  raw m a t e r i a l  c o s t  and then  s t o r i n g  and handl ing  
and spray ing  i t  w i t h  water  every now and then  and worrying about  a  f i r e  i f  
you do n o t ,  and t h a t  s o r t  of t h i n g ,  w e  pu t  i n t o  t h e  o p e r a t i n g  c o s t s .  There 
is a  p h i l o s o p h i c a l  problem t h a t  you have here .  I f  your p l a n t  ha s  a  l o t  of 
bagasse  i t  is  a  d i s p o s a l  problem and you des ign  your power p l a n t  a s  an in-  
c i n e r a t o r  a s  w e l l  a s  a  power gene ra t i ng  u n i t .  On t h  o t h e r  hand, i f  you run 
short and have t o  buy f u e l  o i l  a t  $2 a  m i l l i o n  Btu o r  $ 3  a  m i l l i o n  But, then 
you say  your bagasse  i s  worth t h a t  much. Now, our  $ 1  a  m i l l i o n  Btu s o r t  of 
assumes t h a t  you can use  low su lphur  c o a l ,  which might be t r u e  i n  Louis iana 
b u t  n o t  t r u e  down i n  sou the rn  F lo r ida .  Now, what w e  a r e  hoping i n  our  sugar  
program is  t o  f i n d  ways of g e t t i n g  more bagasse i n ,  maybe b r ing ing  t h e  l e a v e s  
and t o p s  and t h a t  s o r t  of  t h ing ,  s o  t h a t  w e  do no t  run s h o r t  and do no t  have 
t o  buy e x t e r n a l  f u e l  o i l .  

Question,: What was your c a p i t a l  c o s t  f o r  t h e  p l a n t ?  

D r .  Sheppard: L e t t s  see, t h a t  was 69 m i l l i o n  d o l l a r s  f o r  t h e  ba t -  
t e r y  l i m i t s  c o s t ,  and by t h e  rime yon threw i n  a l l  the o f f s i t e s  and e x t r a s  
i t  was up t o  117 m i l l i o n  d o l l a r s .  

Queston: I t h i n k  t h a t  is  low. 

D r .  Sheppard: Notice,  t h i s  is  a  r a t h e r  l a r g e  e thano l  p l a n t ,  70 m i l -  
l i o n  g a l  a  yea r .  W e  u se  a  s c a l i n g  f a c t o r  of n ine- ten ths .  W e  s t a r t e d  w i th  a  
v e r y  complete equipment l i s t  f o r  us ing  sugar .  Then w e  took Dwight M i l l e r ' s  
numbers and w e  compared h i s  w i t h  o u r s  and they agreed ,  and s o  he is  r i g h t .  We 
looked a t  P r o f e s s o r  S c h e l l e r ' s  numbers and they were a  l i t t l e  b i t  less, and 
s o  w e  d id  n o t  use  h i s ,  bu t  w e  a r e  g iv ing  hint a  chance t o  a l s o  t a l k .  

The c a p i t a l  c o s t s  a r e  about  t h e  same f o r  a l l  t h r e e  approaches.  It 
i s  j u s t  t h e  o p e r a t i n g  c o s t s  t h a t  were lower i n  P ro fe s so r  S c h e l l e r ' s  case .  
So a t  l e a s t  t h e  t h r e e  of  u s  ag ree  on t h e  c a p i t a l  c o s t s .  

Now, i f  you have b e t t e r  numbers--and I c a l l e d  ADM t o  try t o  ge t  t h e i r  
numbers f o r  t h e i r  w e t  m i l l i o n g  one and I got  a  l o t  of confusion,  which I think 
was i n t e n t i o n a l  ob fusca t ion .  

Quest ion:  I t h i n k  t h e i r s  is  an easy  s t a r c h  process  too .  

D r .  Sheppard: Yes, i t  i s ,  easy  s t a r c h .  

Do you want some more food f o r  thought?  Las t  yea r  w e  used over  100 
b i l l i o n  g a l l o n s  of  ga so l ine .  ~ e t ' s  assume we could r e p l a c e  i t  wi th  100 b i l l i o n  
g a l l o n s  of e t h y l  a l c o h o l  and a t  2 .8  g a l  o f  ga so l ine  per  bushe l ,  i f  you go 
through t h e  c a l c u l a t i o n ,  i t  comes out  t o  40 b i l l i o n  bushe ls  of corn would be  
r equ i r ed  and l a s t  year  w e  produced about  6 b i l l i o n  bushe l s  of corn. So we 
would have t o  i n c r e a s e  t h e  amount of corn grown by s i x -  o r  sevenfo ld  i n  o rde r  
t o  supply t h e  g a s o l i n e  market,  which i s  about  h a l f  o f  t h e  petroleum t h a t  i s  
used.  



THE USE OF ETHANOL-GASOLINE MIXTURES 
FOR AUTOMOTIVE FUEL 

D r .  W.  A .  S c h e l l e r  

Univers i ty  of Nebraska 

Considerat ion of t h e  use  of e thanol  a s  an  automotive f u e l  addi -  
t i v e  i s  a s  o l d  a s  t h e  i n t e r n a l  combustion engine i t s e l f .  Otto i s  s a i d  t o  
have run  h i s  f i r s t  engine on pure e thanol .  I n  1907 the  U.S. Department 
of A g r i c u l t u r e  published a  r e p o r t  e n t i t l e d  "Use of Alcohol and Gasol ine 
i n  Farm Engines." I n  1926 i n  B r i t a i n ,  Ross and Ormandy publ ished a  paper 
on t h e  use  of  a lcohol  f u e l  i n  i n t e r n a l  combustion engines.  Bridgeman pub- 
l i s h e d  a  paper i n  1936 i n  i n d u s t r i a l  and engineering chemistry on t h e  
" U t i l i z a t i o n  of Ethanol Gasoline Blends , I 1  and i n  1936 t h e  U .  S. Department 
of  Agr i cu l tu re  publ ished a  bookle t  on "Motor Fuel from Farm Products." 

This  i n t e r e s t  continued t o  a  g r e a t e r  o r  l e s s e r  ex t en t  i n t o  t h e  

post  World War I1 years  and up t o  t h e  present .  Each time t h e  p r i c e  of g r a i n  
has f a l l e r i  t o  a  low l e v e l  t h e r e  has  been renew.ed i n t e r e s t  i n  t h e  use  of 
g r a i n  a l coho l  a s  an  automotive f u e l  a d d i t i v e  and u n t i l  r e c e n t l y  t h i s  con-. 
s i d e r a t i o n  .has  proven t o  be uneconomical because of t h e  low p r i c e  of gaso- 
l i n e .  Not u n t i l  l a t e  1973 when t h e  OPEC c o u n t r i e s  placed an  embargo on 
c r u d e  u l l  shlpmencs and idcreased  'its p r i c e  by a  f a c t o r  of about 4 d id  
e thanol  der ived  from g r a i n  h a v e . t h e  p o s s i b i l i t y  of competing wi th  s y n t h e t i c  
e thanol  (from e thylene)  ' i n  t h e  i n d u s t r i a l  market p lace  and wi th  an  increased  
g a s o l i n e  p r i c e  it became an economical a d d i t i v e  t o  unleaded automotive f u e l .  

PROPERTIES AND PERFORMANCE OF A 
G R A I N  ALCOHOL BLENDED AUTOMOTIVE FUEL 

Ethyl  a l coho l  and gaso l ine  a r e  mi sc ib l e  i n  a l l  po r t i ons .  The 

presence of t h e  a l coho l  i n  s o l u t i o n  wi th  gaso l ine  a l s o  inc reases  t he  water  
t o l e r ance  of t h e  gasol ine .  Gasoline i t s e l f  w i l l  hold on ly  a  few p a r t s  per  
mi l l i on  of water  whereas a 10% mixture of e thanol  and gaso l ine  w i l l  t o l e r a t e  
upwards of 0.25% water  (depending upon temperatures)  be fo re  phase sepa ra t ion  
t akes  place.  Thus, i f  normal precaut ions  a r e  taken  i n  t h e  r e f i n e r y ,  dur ing  
t r a n s p o r t a t i o n ,  and a t  t h e  s e r v i c e  s t a t i o n  t h e  use  of an e thanol -gasol ine  
blend w i l l  i n s u r e  t h e  d r i v e r  of a  completely dry f u e l  system i n  h i s  veh ic l e .  
To insure t h a t  water  level. s  remain low i n  t h e  f u e l  throughout t h e  va r ious  
s t ages  of blending and handl ing  we recommend the  use  of anhydrous e thanol  
a s  t h e  a l coho l  component. Over 2 yea r s  of experience inc luding  seve re  w in te r  

cond i t i ons  a t  t empera tures  a s  low a s  -35°F have been encountered i n  our 



Nebraska two m i l l i o n  m i l e  g a s o h o l  road  t e s t  program w i t h  no problems en- 
c o u n t e r e d  f rom w a t e r  phase  s e p a r a t i o n .  Gasohol i s  a r e g i s t e r e d  t rademark 
f o r  a  f u e l  m i x t u r e  of 10% anhydrous  e t h a n o l  and 90% unleaded g a s o l i n e  which 
is  b e i n g  s t u d i e d  by t h e  s t a t e  of Nebraska.  

I n  December 1974, t h e  Nebraska A g r i c u l t u r e  P r o d u c t s  I n d u s t r i a l  
U t i l i z a t i o n  Committee i n  c o o p e r a t i o n  w i t h  t h e  Department of Chemical  En- 
g i n e e r i n g  a t  t h e  U n i v e r s i t y  of Nebraska,  t h e  Nebraska Department o f  Roads 
and t h e  C o o p e r a t i v e  R e f i n e r s  A s s o c i a t i o n  began a two m i l l i o n  m i l e  test  pro- 
gram t o  compare t h e  performance and p r o p e r t i e s  of unleaded g a s o l i n e  and 
g a s o h o l  f u e l .  To d a t e ,  abou t  one  and a  h a l f  m i l l i o n  m i l e s  of d r i v i n g  ex- 

p e r i e n c e  have accumulated w i t h  no problems encounte red .  P r o p e r t i e s  of each 
b l e n d  o f  g a s o h o l  as w e l l  a s  t h e  unleaded f u e l  used as t h e  g a s o h o l  b a s e  s t o c k  
a r e  de te rmined  th rough  ASTM a n a l y t i c a l  p rocedures .  D r i v e r s  submit  a  weekly 
r e p o r t  on f u e l  concumption and  mile^ t r a v e l e d  between fillings. The pro- 
p e r t y  and performance i n f o r m a t i o n  p r e s e n t e d  i n  t h i s  r e p o r t  were  o b t a i n e d  
a s  p a r t  of t h e  two m i l l i o n  m i l e  t e s t  program. 

Octane number i s  a n  i m p o r t a n t  p r o p e r t y  of au tomot ive  f u e l .  E thano l  
is  a component which a s  a  p u r e  component h a s  an  F-1 ( r e s e a r c h )  o c t a n e  number 
of abou t  106. However, i n  s o l u t i o n s  of low c o n c e n t r a t i o n s  e t h a n o l  d i s p l a y s  
a n  even h i g h e r  b l e n d i n g  o c t a i n e  number. A t  1 0  l i q u i d  volume p e r c e n t  e t h a n o l  
i n  unleaded g a s o l i n e ,  t h i s  b l e n d i n g  o c t a n e  number i s  134 on t h e  F-1 s c a l e .  

F i g u r e  1 shows t h e  r e s u l t s  o f  a  number of o c t a n e  measurements a s  a  f u n c t i o n  
o f  l i q u i d  volume p e r c e n t  e t h a n o l  i n  t h e  unleaded f u e l .  The s c a t t e r  of t h e  
d a t a  p o i n t s  i s  w i t h i n  t h e  p r e c i s i o n  of t h e  o c t a n e  measurement method. A t  
t h e  l e v e l  of 1 0  l i q u i d  volume p e r c e n t  e t h a n o l  t h e  F-1 o c t a n e  number of t h e  
a l c o h o l - g a s o l i n e  blend w i l l  be 4 . 5  numbers h i g h e r  t h a n  t h e  unleaded base  
g a s o l i n e  used i n  t h e  b l e n d .  The F-2 (motor method) o c t a n e  number I s  a l s o  
i n c r e a s e d .  The o c t a n e  number p o s t e d  on pumps i n  f i l l i n g  s t a t i o n s  i s  an  
a v e r a g e  of F-1 and F-2 numbers and w i l l  be  i n c r e a s e d  by 3 a t  t h e  10% e t h a n o l  
l e v e l .  A s  we s h a l l  s e e  l a t e r  t h i s  a b i l i t y  t o  i n c r e a s e  o c t a n e  number adds  
v a l u e  t o  t h e  e t h a n o l  because  i t  p e r m i t s  a  l e s s  c o s t l y  b a s e  s t o c k  t o  be  used 
f o r  b l e n d i n g  gasohol  f u e l  of a n  o c t a n e  number e q u i v a l e n t  t o  unleaded f u e l  
wllicll i s  rlvrllially marketed.  

A  second i n t e r e s t i n g  phenomena t h a t  has  been found i n  b l e n d i n g  
g a s o h o l  f u e l  i s  t h a t  anhydrous  e t h a n o l  and g a s o l i n e  d i s p l a y  a p o s i t i v e  
volume change on mixing a t  a l c o h o l  l e v e l s  below about  1 6  l i q u i d  volume 
p e r c e n t .  F i g u r e  2  shows t h e  e f f e c t  of e t h a n o l  c o n t e n t  on m i x t u r e  expan- 
s i o n .  A t  102  e t h a n o l  t h e  m i x t u r e  expands by abou t  0.232 w h i l e  t h e  maximum 
expans ion  o c c u r s  a t  abou t  12 .5% e t h a n o l  and i s  e q u a l  t o  approx imate ly  0 .55%. 
A d d i t i o n a l  e t h a n o l  i n  t h e  a l c o h o l - f u e l  b lend can n o t  be  j u s t i f i e d . e c o n -  
o m i c a l l y  on t h e  b a s i s  o f  t h e  expans ion  d i f f e r e n c e  between t h e  10% and 
12.5% c o n c e n t r a t i o n s .  
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The normal b o i l i n g  p o i n t  of e t h a n o l  (172.g°F, 7 8 . 3 ' ~ )  i s  s u f -  
f i c i e n t l y  h i g h  t h a t  i t  h a s  l i t t l e  o r  no e f f e c t  on t h e  vapor p r e s s u r e  and 
f r o n t  end v o l a t i l i t y  of t h e  unleaded g a s o l i n e  used i n  b l e n d i n g  gasohol .  

Numerous measurements have been made on unleaded b a s e  s t o c k s  and gasohol  
b l e n d s  and i t  h a s  been found t h a t  t h e  Reid  vapor  p r e s s u r e  remains  t h e  same 
o r  shows a  s l i g h t  d e c r e a s e  of abou t  0 . 1  p s i  when t h e  e t h a n o l  is added. The 
ASTM D-86 d i s t i l l a t i o n  i s  c o n s i d e r e d  by t h e  pe t ro leum i n d u s t r y  t o  be  a n  
impor tan t  i n d i c a t i o n  of t h e  v a p o r i z a t i o n  c h a r a c t e r i s t i c s  of au tomot ive  f u e l .  

F i g u r e  3 i s  a t y p i c a l  D-86 d i s t i l l a t i o n  f o r  un leaded  g a s o l i n e  used a s  t h e  
b a s e  s t o c k  f o r  gasohol  f u e l  and f o r  t h e  gasohol  f u e l  i t s e l f .  3 0 t h  f u e l s  have 
t h e  same volume p e r c e n t  d i s t i l l e d  v e r s e s  t e m p e r a t u r e  r e l a t i o n s h i p  f o r  t h e  
f i r s t  5% of t h e  d i s t i l l a t i o n .  T h i s  s u p p o r t s  t h e  o b s e r v a t i o n  t h a t  l i t t l e  
vapor  p r e s s u r e  change i s  found when b l e n d i n g  gasohol .  Beyond t h e  5% p o i n t  
and up t o  approx imate ly  60% d i s t i l l e d  t h e  gasohol  f u e l  shows a lower dis- 
t i l l a t i o n  t e m p e r a t u r e  ( h i g h e r  v o l a t i l i t y )  t h a n  t h e  unleaded b a s e  s t o c k .  
Beyond 60 l i q u i d  volume p e r c e n t  d i s t i l l e d  t h e  two d i s t i l l a t i o n  c u r v e s  can  
a g a i n  be c o n s i d e r e d  t o  be  i d e n t i c a l .  D r i v e r s  of t h e  gasohol  test  v e h i c l e s  
have r e p o r t e d  good performance w i t h  t h i s  f u e l  and a l s o  i n d i c a t e d  good 
s t a r t i n g  e s p e c i a l l y  i n  w i n t e r  months. On t h e  o t h e r  hand d u r i n g  t h e  summers 
when t h e  d r i v e r s  have encounte red  t e m p e r a t u r e s  of 100°F and h i g h e r  d u r i n g  
t h e  day t h e y  have n o t  e x p e r i e n c e d  any vapor- lock problems even a t  a t t i t u d e s  
c l o s e  t o  5 ,000  f e e t .  I t  i s  b e l i e v e d  t h a t  t h e  l a c k  of vapor - lock  problems i s  t h e  
r e s u l t  of t h e  f r o n t  ends  (up t o  5  l i q u i d  volume p e r c e n t  d i s t i l l e d )  of t h e  d i s -  
t i l l a t i o n  c u r v e s  b e i n g  i d e n t i c a l  f o r  t h e  two f u e l s .  On t h e  o t h e r  hand, t h e  
dmprnlred performancc and s t a r t i n g  i n  Lhe w i u h r r  monrhs is  b e l i e v e d  t o  be  
t h e  r e s u l t s  o f  t h e  more v o l a t i l e  n a t u r e  of t h e  gasohol  f u e l  between t h e  10% 
and 60% d i s t i l l e d  p o i n t s  g i v i n g  more e f f i c i e n t  c a r b u r a t i o n  and more complete  

v a p o r i z a t i o n  of t h e  f u e l  w i t h  b e t t e r  d i s t r i b u t i o n  i n  t h e  i n t a k e  mani fo ld .  

A s  mentioned p r e v i o u s l y  a two m i l l i o n  m f i e  road  t e s t  f o r  t h e  com- 
p a r i s o n  o f  g a s o h o l  f u e l  w i t h  unleaded g a s o l i n e  i s  i n  p r o g r e s s  w i t h  approx i -  
mate ly  1 . 5  m i l l i o n  m i l e s  completed t o  d a t e .  Engine i n s p e c t i o n s ,  v a l v e  in -  
s p e c t i o n s ,  s p a r k  p l u g  i n s p e c t i o n s ,  compression r a t i o s ,  c y l i n d e r  wear measure- 
ments ,  e t c . ,  i n d i c a t e  no  u n u s u a l  wear o r  d e t e r i o r a t i o n  of t h e  e n g i n e  a s  a  
r e s u l t  of u s i n g  t h e  g a s o h o l  f u l e .  Data on f u e l  consumption and m i l e s  
t r a v e l e d  have been keypunched and computer programs a r e  b e i n g  p r e p a r e d  f o r  
a  complete  a n a l y s i s  of t h e  d a t a .  F i g u r e  4 c o n t a i n s  p r e l i m i n a r y  r e s u l t s  f o r  
t h e  v e h i c l e s  i n  t h e  t e s t  r u n  o p e r a t i n g  from t h e  North P l a t t e ,  Nebraska,  
O f f i c e  of t h e  Department of Roads. I n  a n  e f f o r t  t o  c a n c e l  o u t  t h e  e f f e c t  
o f  v a r y i n g  wea ther  c o n d i t i o n s  we have p l o t t e d  t h e  r a t i o  of t h e  a v e r a g e  
number of m i l e s  t r a v e l e d  i n  a  r e p o r t i n g  p e r i o d  p e r  t e s t  c a r  u s i n g  gasohol  
f u e l  t o  t h e  a v e r a g e  number of m i l e s  t r a v e l e d  i n  t h e  same p e r i o d  p e r  test 
c a r  u s i n g  un leaded  f u e l .  On t h e  Y a x i s  i s  p l o t t e d  t h e  r a t i o  of t h e  gasohol  
f u e l  consumed i n  t h e  r e p o r t i n g  p e r i o d  p e r  t e s t  c a r  t o  t h e  unleaded f u e l  con- 
sumed p e r  t e s t  c a r  i n  t h e  same p e r i o d .  The d a t a  covered a p e r i o d  of ap- 
p rox imate ly  1 . 5  y e a r s .  
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FIGURE 4 

CONSUMPTION OF GASOHOL FUEL 
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The p o i n t  of i n t e r e s t  i n  t h i s  graph is  t h a t  a t  which t h e  m i l e  
r a t i o  is  equa l  t o  1. It i s  a t  t h i s  p o i n t  t h a t  w e  have t h e  equiva len t  con- 
sumption of gasohol  f u e l  r e l a t i v e  t o  no-lead f u e l .  I have drawn a  dashed 
l i n e  on t h e  c h a r t  t o  r e p r e s e n t  equa l  r a t e s  of f u e l  consumption. The s o l i d  
l i n e  on t h e  c h a r t  i s  t h e  b e s t  f i t  of a  q u a d r a t i c  equa t ion  pass ing  through 
t h e  o r g i n  (0,O). This  b e s t  f i t  - ind ica tes  t h a t . a t  an equa l  number of mi les  
t r a v e l e d  t h e  gasohol  c a r s  consume about 6.7% less f u e l  than  t h e  ca rds  oper- 
a t i n g  on unleaded gaso l ine .  Applying Wilcoxon's s igned ranks  t e s t  t o  t h e  
d a t a  i n d i c a t e s  t h a t  t h e r e  is  a  99 + % p r o b a b i l i t y  t h a t  t h e  gasohol  c a r s  
a r e  consuming less f u e l  than  t h e  test c a r s  ope ra t i ng  on un leaded -gaso l ine .  

S i m i l a r  r e s u l t s  have been found us ing  d a t a  from Lincoln ,  Nebraska, t e s t  
cartz. 

Thus, we s e e  t h a t  t h e r e  a r e  a t  l e a s t  t h r e e  f a c t o r s  which tend t o  
make a l c o h o l  a  d e s i r a b l e  component f o r  b lending  wi th  unleaded automotive 
f u e l .  These a r e  t h e  i nc reased  oc tane  number r e s u l t i n g  from a l c o h o l  addi-  
t i o n ,  t h e  p o s i t i v e  volume change of mixing, and t h e  reduced F l i e l  coasump- 
t i o n  o f  gasohol  fiiel compared cu urlleaded I u e l .  1 . ~ 1  a d d i t i o n ,  t h e  improved 
v o l a t i l i t y  of gasohol  f u e l  p rovides  added d r i v e r  s a t i s f a c t i o n  through e a s i e r  
s t a r t i n g  of t h e  v e h i c l e  e s p e c i a l l y  i n  cold weather .  

VALUE OF ETHANOL AS AN AUTOMOTIVE FUEL ADDITIVE 

Le t  us nex t  examine t h e  va lue  t h a t  e thano l  has  a s  a  con.ponent i n  
automotive f u e l .  Each of  t h e  i t e m s  t o  be  d i scussed  and t h e i r  va lue  a r e  sum- 
marized i n  Table  I, 

'I'he f i r s c  item of value  LllaL 1 gal lul l  u 1  i t l i i i i~o l  has i n  I0 ga l lono  
of  gasohol i s  t h e  va lue  of t h e  1 g a l l o n  of  unleaded g a s o l i n e  which i t  has  
d i sp l aced .  Based on c u r r e n t  wholesale  p r i c e s  charged t o  t h e  s t a t e  of Nebraska 
f o r ' u n l e a d e d  g a s o l i n e  used i n  t h e  two m i l l i o n  mi le  road t e s t  program t h i s  
f i g u r e  i s  38.56 per  g a l l o n  of  e thanol .  But we mentioned prev ious ly  t h a t  t h e  
unleaded base g a s o i i n e  used in blending gasohol  rue1 could have a lower 
oc t ane  number than t h e  unleaded g a s o l i n e  which i s  marketed t o  t h e  pub l i c .  
It i s  assumed t h a t  t h e  gasohol  f u e l  would be marketed a t  t h e  same oc t ane  
number a s  unleaded g a s o l i n e  (92 F-1) and thus  t h e  base  s t o c k  f o r  gasohol 
could have an oc tane  t h a t  is  c a i c u i a t e d  t o  be 4.67.Y-1 numbers lower (87.33 
- 1 ) .  Publ ished informat ion  on g a s o l i n e  v a l u e . v e r s e s  oc tane  number i n d i c a t e s  
t h a t  1 oc tane  number is  worth about 0 . 4 5 ~  per g a l l o n  of f u e l .  I n  10 g a l l o n s  
of  gasohol t h i s  r e p r e s e n t s  a  sav ing  of 1 8 . 9 ~  i n  the. c o s t  of t h e  unleaded 
base  'gasol ' ine  which can be added t o  t h e  va lue  of t h e  e thano l .  

A s  mentioned p rev ious ly  t h e  gasohol  mixture  has  a  g r e a t e r  volume 

t h a t  t h e  sum of the '  component volumes by 0.23%. In  10 g a l l o n s  of gasohol 
f u e l  t h i s  r e p r e s e n t s  an  added va lue  of 1~ per g a l l o n  e thano l .  I n  t h e  s t a t e  
o f  Nebraska t h e  s t a t u t e s  provide t h a t  automotive f u e l  con ta in ing  a t  l e a s t  10% 



TABLE I 

COMPONENTS VALUES OF COSTS CONTRIBUTING TO 
THE VALUE OF ETHANOL I N  GASOHOL FUEL 

e l g a l  ETOH 

1. 1 g a l  of no-lead d i sp l aced  by a l c o h o l  
2. C r e d i t  f o r  r educ t ion  i n  no-lead O.N. (1) 
3.  C r e d i t  f o r  expansion of mix ture  (2)  
4. C r e d i t  f o r  5% less f u e l  consumption (4) 

S u b t o t a l  
5. C r e d i t  f o r  Nebraska t a x  r educ t ion  (3) 

Notes: 1. [ 92 - 92-134x*1 ] 0.45 x 9 = 18 .9c lga l  ETOH 
0.9 

2 '  (36.8 x 9 + 88.4 x 1 )  0.0023 
1.0023 

= l .Oc/ga l  ETOH 

3. 3 ~ / g a l  f u e l  x 10 g a l  = 30C/gal ETOH 

4. 639 x 1.05 - 639 = 32c/ga l  ETOH 



a g r i c u l t u r a l l y  der ived  e thanol  s h a l l  be taxed a t  3~  per ga l lon  l e s s  than  au to-  
motive f u e l  which does no t  con ta in  e thanol .  I n  10 ga l lons  of gasohol f u e l  i 

t h i s  r e p r e s e n t s  a  r e d u c t i o n . o f . 3 0 ~  i n  t a x  which can be c r e d i t e d  t o  t h e  va lue  
of t h e  e thanol .  Adding t h e s e  f i g u r e s  t oge the r  g ives  a  va lue  f o r  e thanol  of  
8 8 . 4 ~  per ga l lon .  I f  a  c r e d i t  f o r  5% l e s s  f u e l  consumption i s  added t o  t h e  
va lue  of  t h e  e thanol  i . e . ,  3 2 ~  per ga l lon  then  t h e  va lue  of e thano l  a s  an  
automotive fue1 ,b l end ing  s tock  i s  $1.20 per ga l lon .  Furthermore, s i n c e  it 
i s  poss ib l e  t o  a d j u s t  t h e  mark-up perul-itted t o  t h e  corvice s t e t i o n  owner it 
i s  poss ib l e  t o  use  e thanol  purchased a t  a  va lue  b e t w e e n . 8 8 . 4 ~  per  ga l lon  and 
a  $12.0 per g a l l o n  t o  blend an. automotive f u e l  which can compete w i t h  un- 
leaded gaso l ine  i n  t h e  market p lace .  Table I1 shows d e t a i l s  f o r  such a  f u e l  
assuming s a l e  i n  Lincoln ,  Nebraska. A l l  f i ,gures  a're based on r e c e n t  p r i c e s  
pa id  fo r .gasoho1  used i n  our  two m i l l i o n  mile  gasohol road t e s t  program. 

ECONOMIC OF ETHANOL PRODUCTION FROM GRAIN 

The p roces s  f o r  conver t ing  t h e  s t a r c h  i n  g r a i n  t o  e thano l  has  been 
known , f o r  over  4,000 yea r s .  The c o s t  of a  p l a n t  t o  produce anhydrous e thanol  
from corn  u r  milo a t  t h c  r a . t e  of 20 m i l l i o n  ga l lons  p e r  year  i s  es t imated  t o  
be $23 m i l l i o n .  

The c o s t  of conver t ing  t h e  g r a i n  t o  e thanol  and c a t t l e  feed  is  ap- 
proximately 3 1 ~  per  ga l lon  of e thano l  and t h e  va lue  of t h e  byproducts  is 4 4 ~  
per  ga l lon  of e thano l .  Assuming t h a t  t he  $23 m i l l i o n  r equ i r ed  f o r  t h e  p l an t  
i.nvestment Is obta ined  by secu r ing  p r i v a t e  c a p i t a l  i n  t h e  amount of $7 m i l -  
l i o n  and Lllat a loan  i o  obta ined  a t  1T)Xin te re s t  t o r  t h e  rernainiug $16 m i l l i o n  
and i n  a d d i t i o n  $3.5 m i l l i o n  i s  burrowed f o r  t h c  i n i t i a l  working c a p i t a l  
t h e  market: p r i c e  f o r  e thano l  can then be e s t a b l i s h e d  i f  i t  is assumed t h a t  
a  20% r a t e  of r e t u r n  on t h e  p r i v a t e  investment c a p i t a l  of $7  ~ u i l l i o n  i s  dc- 
s i r e d .  .Table  I11 con ta ins  i n f o r r ~ ~ a t i o n  on, t h e  p r i c e  of producing e thanol  
from corn o r  milo a t  d i f f e r e n e  grallr  plricgs. A3 can be seen from t h e  re- 
s u l t s  i n  t h i s  t a b l e  i t  i s  p o s s i h i e  t o  produce anhydrous e thano l  i n  t h e  de- 
sdred  p r i c e  range of 8 8 ~  per  g a l  t o  $1.20 per  g a l .  

CONCLUSIONS 

Grain a l c o h o l  has  c e r t a i n  d e s i r a b l e  p r o p e r t i e s  when blended wi th  
unleaded g a s o l i n e  such t h a t  i t s  va lue  a s  an automotive f u e l  component l i e s  
w i t h i n  t h e  range of values f o r  which e thanol  call be produced from g r a i n .  S ince  
t h e  product ion  of g r a i n  and i t s  fe rmenta t ion  a r e  l e s s  c l o s e l y  coupled t o  
t h e  p r i c e  of crude o i l  than  i s  t h e  p r i c e  of gaso l ine  i t  f u r t h e r  appears  t h a t  



TABLE I1 

COMPOUTED PUMP PRICE FOR GASOHOL - 3 November 1976 

Item c/Gal. c/Mile* 

No-lead base gasoline, 34.3c/gal 
Anhydrous ethanol, $1. 10/~al 
Transportatin to Lincoln, Nebraska 
Station,Mark-up 

Subtotal 
Nebraska state tax (incl. 3c/gal credit) 
Federal' tax 

Pump price of gasohol 

Current median price of no-lead 
gasoline in Lincoln, Nebraska 
(5 major brands) 

* Assumes 15 miles/gal on no-lead and 5% better mileage for gasohol. 



TABLE I11 

COSTS FOR PRODUCING ETHANOL 
BY G R A I N  FERMENTATION 

E l . e v a t o r  P r i c e ,  No. 3  Corn/Bu E l t = v a t o r  P r i c e ,  N o .  2  Milo/Cwt.  

G r a i n  C o s t s  (1) 67.  5  101 .2  57.8 96 .3  

By-Produc t  C r e d i t  ( 2 )  -43 .7  -43 .7  

N e t  G r a i n  C o s t  23.  8  

C o n v e r s i o n  C o s t  ( 3 )  3 0 . 0  30.0.  31.0 31 .0  

h, 
i-' 

I n t e r e s t  o n  Loan ( 4 )  9 . 8  9 .8  9.8 9 .8  
m 

E tha.no h C o s t  63 .  6Cyg.31, 97.3 C/gal.  5 2 - 9  C/gal .  91-4  ~ / ~ a l .  

T a x e s  ( 5 3 % )  

20% R e t u r n  ( 6 )  
E t h a n o l  V a l u e  

NOTES: 1. Assumes 75% m a r k e t a b l e  g r a i n  p l u s  25% d i s t r e s s e d  grain  a t  50% o f  t h e  m a r k e t a b l e  
g r a i n  p r i c e .  

2. $120 p e r  t o n  f rom c o r n  a n d  $116 p e r  t o n  f rom m i l o  based o n  p r o t e i n  c o n t e n t .  
3. Based  o n  C o a l  as  t h e  f u e l  s o u r c e ,  
4 .  a )  P l a n t  I n v e s t m e n t  $ 2 3 , 0 0 0 , 0 0 0  b)  P r i v a t e  C a p i t a l  $ 7 , 0 0 0 , 0 0 0  c) P l a n t  c a p a c i t y  is  

Working C a p i t a l  3.500,OOO Loan ( 1 0 %  i n t e r e s t )  L9 ,500 ,000  2 0 , 0 0 0 , 0 0 0  g a l / y r  
T o t a l  I n v e s t m e n t  $ 2 6 . 5 0 0 , 0 0 0  T o t a l  I n v e s t m e n t  $26 ,500 ,000  a n h y d r o u s  e t h a n o l  

5. D e p r e c i a t i o n  i s  1 0 %  p e r  y e a r  o n  ~ 2 3 , 0 0 0 , 0 0 0  p l a n t  i n v e s t m e n t .  
6. R e t u r n  i s  20% o n  $ 7 , 0 0 0 . 0 0 0  o f  p r i v s t e  c a p i t a l  i n v e s t e d .  



g r a i n  a l c o h o l  w i l l  become more a t t r a c t i v e  a s  an automotive f u e l  a d d i t i v e  
a s  t h e  p r i c e  of g a s o l i n e  and crude o i l  cont inue  t o  rise. S ince  t h e r e  is  
no sho r t age  of s t a r c h  i n  t h e  world and s i n c e  t h e  use of by-product c a t t l e  
feed  from g r a i n  a l coho l  manufacture r e s u l t s  i n  increased  weight ga in  i n  
c a t t l e  over  t h a t  obtained wi th  whole g r a i n ,  t h e  product ion  of a l c o h o l  
from g r a i n  does n o t  remove needed food from t h e  market p l ace .  Furthermore, 
s i n c e  more e t h a n o l  can be made from low q u a l i t y  g r a i n s  u n s u i t a b l e  f o r  human 
o r  animal consumption and s i n c e  t h e  by-product c a t t l e  feed  i s  s u i t a b l e  f o r  
use even more new p r o t e i n  can be  in t roduced  i n t o  t h e  market p l a c e  f o r  human 
consumption. 

S ince  g r a i n  s u p p l i e s  a r e  no t  adequate  t o  provide  f o r  t h e  produc- 
t i o n  of s u f f i c i e n t  g r a i n  a l c o h o l  t o  blend 10% i n  a l l  g a s o l i n e  i n  t h e  United 
S t a t e s  i t  i s  concluded t h a t  t h e  gasohol  program i s  a  r e g i o n a l  program which 
w i l l  f i n d  a p p l i c a t i o n s  i n  g r a i n  producing a r e a s  of our na t ion .  

Quest ion:  Have you ever  th rought  about p u t t i n g  t h i s  down a t  
New Or leans?  That i s  where t h e  s p o i l e d  g r a i n  is .  

D r .  S c h e l l e r :  No, I have n o t  looked a t  a  New Orleans l o c a t i o n ,  bu t  
you a r e  c e r t a i n l y  r i g h t ,  t h e r e  has  been a  l o t  of bad g r a i n  down t h e r e .  And 
under t h e  new s t anda rds  I guess w e  cannot s e l l  i t  a s  q u a l i t y  g r a i n  e i t h e r .  

Question: When you say  t h a t ,  through,  then I want t o  g e t  i n t o  t h e  
argument because t h e  g r a i n  t h a t  you a r e  t a l k i n g  about is  s o  contaminated t h a t  
I a s s u r e  you you w i l l  n o t  be a b l e  t o  s e l l  t h e  by-product g r a i n s .  I n  o t h e r  
words, i t  w i l l  con t a in  a f l a t o x i n  and a l l  t h a t .  I am s u r e  i t  w i l l  be condemned 
and you cannot t a k e  t h e  c r e d i t  t h a t  he i s  say ing  you can g e t  by avoid ing  t h i s .  

Ques t ion :  What.do they do w i t h  t h e  g r a i n  down t h e r e :  

D r .  Sche l l e r :  You n o t i c e  t h a t  we had n e t  g r a i n  va lues  a f t e r  t h e  
by-product c r e d i t  i n  ' the  o rde r  of 1 2 ~  o r  20% per g a l l o n  of a l c o h o l  produced 
and i f  we cons ide r  t h a t  we ge t  2-112 g a l l o n s  from a  bushe l ,  t h a t  means we 
would have t o  be  a b l e  t o  buy t h i s  poor g r a i n  i n  t h e  o r d e r  of a t  something 
l i k e  5 0 ~  a  bushe l  i n  o rde r  t o  be a b l e  t o  a f f o r d  t o  throw away t h e  c a t t l e  
feed and no t  s e l l  it i n t o  t h e  marketplace.  

Quest ion:  I f  a l l  t h e  g a s o l i n e  s o l d  i n  Nebraska was gasohol  then 

who would pay t o  main ta in  t h e  roads? 

D r .  S c h e l l e r :  Oh, t h i s  t a x  c r e d i t  does n o t ,  a s  you saw, t a k e  
away a l l  of t h e  road t axes .  On t h e  c . .  .-A hand, t h c r e  i s  a l s o  a  b i l l  i n  t h e  
l e g i s l a t u r e  t o  r a i s e  t h e  g a s o l i n e  t a x  1 C  per  g a l .  I am s u r e  t h a t  we should 
view t h i s  t a x  c r e d i t  a s  only an i n t e rmed ia t e  i n c e n t i v e  t o  developing an 
a l c o h o l  blended f u e l  and t h a t  a s  t h e  p r i c e  of g a s o l i n e  cont inues  t o  climb 
t h a t  we should expect  t h a t  t h i s  t a x  c r e d i t  i s  going t o  back o f f  u n t i l  we 
a r e  i n  a  p o s i t i o n  where t h e  a d d i t i o n  i s  compet i t ive .  



Quest ion:  Having commented very  f avo rab ly  on t h e  road t e s t  pro- 
gram, t h e  economics, t h e  a v a i l a b i l i t y  of t h e  g r a i n ,  my ques t i on  i s ,  i s  t h e  
s t a t e  of  Nebraska o r  t h e  s t a t e  p l u s  t h e  p r i v a t e  s e c t o r  near  t o  i n v e s t i n g  i n  
a  p l a n t  o r  p l a n t s  of t h e  type  you o u t l i n e d ?  

D r .  S c h e l l e r :  Yes, on t h e  1 0 t h  of January a r t i c l e s  of incorpora-  
t i o n  were f i l e d  w i t h  t h e  Sec re t a ry  of S t a t e  of t h e  s t a t e  of Nebraska t o  in-  
c o r p o r a t e  t h e  Nebraska Grain Alcohol and chemical Company, a  p r i v a t e  en t e r -  
p r i z e ,  wi th  t h e  announced i n t e n t i o n  o f  b u i l d i n g  a 20 m i l l i o n  g a l l o n  per  yea r  
g r a i n  a l c o h o l  p l a n t  i n  Nebraska.'  A s  you can t e l l  from t h e  name o f  t h e  com- 
pany, i n  t h e  a r t i c l e s  of i nco rpo ra t i on  i s  a l s o  t h e  i n t e n t i o n  of producing 

, o t h e r  chemicals  and a l s o  c a r r y i n g  ou t  t h e  permission t o  c a r r y  ou t  any bus- 

i n e s s  l e g a l  under t h e  Nebraska s t a t u t e s .  

But t h e  i n c o r p o r a t o r s ,  t h e  d i r e c t o r s  of t h e  f i r 4  have made pre- 
l imina ry  c o n t a d t s  w i th  underwr i t ing  and brokerage f i rms .  The p l ans  and nec- 
e s s a r y  in format ion  a r e  being developed t o  o b t a i n  SEC c l ea rance  f i r  t h e  s a l e  
of  stock. ' .  When . t h i s  c ' learance is  obta ined ,  why, a  s t o c k  s a l e  w i l l  be made 
and t h e  ba lance  of t h e  funding w i l l  be  borrowed. For example, t h e  p l a n t  is  
e l i g i b l e  f o r  i n d u s t r i a l  development a d m i n i s t r a t i o n  bonds, s o  long a s  they 
l o c a t e  i n  a  community where t h e  community a l s o  q u a l i f i e s ,  and s o  f o r t h .  

I n c i d e n t a l l y ,  t o  put t h i s  i n  pe r spec t ive ,  I was on a  s i t e  v i s i t a t i o n  
l a s t  Monday t o  a  town i n  B u t l e r  County, Nebraska. Bu t l e r  County's g r a i n  pro- 
duc t ion  i s  8 m i l l i o n  bushe l s  per  y e a r .  It i s  n o t  assumed t h a t  i f  t h e  p l a n t  . 

were t h e r e  i t  would buy a l l  t h e  g r a i n  i n  t h e  county,  bu t  t o  put  t h i s  t h i n g  i n  
p e r s p e c t i v e  w e  a r e  t a l k i n g  about  an amount of g r a i n  t h a t  i s  about equ iva l en t  
t o  t h e  product ion of  one county i n  t h e  g r a i n  producing a r e a s  of t h e  s t a t e .  



THERMOCHEMICAL PROCESSING OF CORN 

J. L. OTIS 

BATTELLE COLUMBUS LABORATORIES 

D r .  Sheppard and D r .  S c h e l l e r  spoke abou t  what c a n  be done w i t h  
c o r n  p roduc t s  and r e s i d u e s ,  f o r  example, f u r f u r a l ,  e t h a n o l  and g a s o h o l .  
My speech  i s  somewhat a  c o n t i n u a t i o n  o f  t h e  same s u b j e c t .  We w i l l  l ook  a t  
what e l s e  we c a n  do w i t h  t h e s e  m a t e r i a l s .  I w i l l  be d i s c u s s i n g  some of  t h e  
thermochemical  c o n v e r s i o n  p r o c e s s i n g  of t h e s e  m a t e r i a l s .  

The f e e d s t o c k s  t h a t  1 ' m  go ing  t o  be t a l k i n g  abou t  a r e  o f  two t y p e s .  
One i.s t h e  c o r n  s t o v e r ,  t h e  r e s i d u e s  t y p i c a l l y  l e f t  i n  t h e  f i e l d .  Another 
one i s  t h e  r e s i d u e  from f u r f u r a l  manufacture  which D r .  Sheppard p r e v i o u s l y  
d i s c u s s e d .  I w i l l  be l o o k i n g  i n t o  (1 )  power g e n e r a t i o n  from t h e s e  m a t e r i a l s ,  
(2 )  c o n v e r s i o n  t o  s y n t h e s i s  g a s ,  ( 3 )  t h e  v a r i o u s  p r o d u c t s  t h a t  c a n  be pro- 
duced from t h e s e  m a t e r i a l s ,  (4) some d e s c r i p t i o n  o f  t h e  s y n t h e s i s  g a s  pro-  
c e s s e s ,  and (5) t h e  c o n v e r s i o n  p r o c e s s e s  t o  t h e  v a r i o u s  p roduc t s  t h a t  c a n  
be produced from t h e  s y n t h e s i s  g a s .  We w i l l  be t a l k i n g  b a s i c a l l y  from a n  
overview p o i n t  o f  view. We w i l l  n o t  be d i s c u s s i n g  v e r y  many d e t a i l s  a t  a l l .  

I n  t h e  a r e a  o f  power g e n e r a t i o n ,  which i s  my f i r s t  s u b j e c t ,  i n  
o r d e r  t o  o b t a i n  good the rmal  e f f i c i e n c y  we f e e l  a s  though we must r e u s e  t h e  
s team i n  o t h e r  p r o c e s s i n g ,  s o  i n  t h e s e  c a l c u l a t i o n s  f o r  t h e  most p a r t  we 
w i l l  s e e  a  major  byproduc t ,  steam c r a c k i n g .  As w e  w i l l  show you from t h e  
c o s t  d a t a ,  g e n e r a l l y  t h e  economics f o r  power g e n e r a t i o n  from s t o v e r  appear  
t o  be r e l a t i v e l y  poor .  However, when we t u r n  o u r  a t t e n t i o n  t o  t h e  u t i l i z a -  
t i o n  o f  t h e  r e s i d u e  g e n e r a t e d  from f u r f u r a l  manufac tu re ,  we d o  f i n d  t h a t  t h e  
economics t u r n  o u t  t o  be much more f a v o r a b l e .  However, when we do t a k e  a 
look  a t  f u r f u r a l ,  we f i n d  t h a t  t h e r e  i s  o n l y  a  few p l a n t s  t h a t  c a n  r e a l l y  
be b u i l t  t o  s u p p l y  t h e  r a t h e r  l i m i t e d  needs o f  f u r f u r a l  a t  t h e  k i n d s  o f  
economics w e  a r e  showing h e r e  today .  

F i g u r e  1 shows t h e  f u r f u r a l  p r o c e s s .  The r e s i d u e  t h a t  we a r e  t a l k -  
i n g  abou t  u s i n g  f o r  power g e n e r a t i o n  i s  t h e  r e s i d u e  from t h e  screw p r e s s  o u t  
o f  t h e  f u r f u r a l  manufac tu r ing  p r o c e s s .  

I n  Tab le  1 w e  t a k e  a  look  a t  t h e  economics f o r  t h e  power genera -  
t i o n  from s t o v e r ,  We began by assuming we would u s e  1,522 m e t r i c  t o n s  p e r  
d a y  d r y  b a s i s  we igh t .  We v a l u e d  t h i s  a t  $40 pe,r m e t r i c  t o n .  The economics 
o f  s t o v e r  c o l l e c t i o n  may prove o u t  t o  be t h a t  we might  have assumed a  mod- 
e s t l y  lower number f o r  t h e  v a l u e  of t h e  c o r n  s t o v e r .  The s c a l e  of p l a n t  t h a t  

we a r e  t a l k i n g  abou t  i s  o n l y  a b l e  t o  produce 39 megawat ts .  With s t o v e r  v a l u e d  

a t  $40 per  t o n ,  a  v e r y  major  c o s t  e lement  i n  t h e  annua l  o p e r a t i n g  c o s t  i s  



FURFURAL PROCESS 
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TABLE I 

POWER GENERAT I ON FROM STOVER 

STOVER : 1522 METR I c TONS/DAY 

$ ~ O / M E T R  1 c TON 

POWER : 39 MEGAWATTS 

ANNUAL COSTS : MILLION DOLLARS 

STOVER 20,09 
OPERAT I NG 3,96 
CAPI TAL CHARGE 5,3O 
STEAM CREDIT (-IC),24> 

$19,11 
POWER COST : $0, O ~ ~ / K W H  



t h e  $20 m i l l i o n  f o r  t h e  s t o v e r .  Our ope ra t i ng  c o s t s  a r e  a  smal l  f a c t o r ,  a s  
i s  t h e  c a p i t a l  charge .  And we a r e  t a k i n g  a  r a t h e r  l a r g e  s t r a i n  c r e d i t  of  
roughly $19 m i l l i o n  per  year .  

. , 

Given t h e s e  va lues ,  w e  compute a power c o s t  of 61  mills per kw-hr, 
which i s  r e l a t i v e l y  h igh .  A s  a  po in t  of  i n t e r e s t ,  i n  t h i s  c a s e  w e  a r e  t ak ing  
s team o f f  a t  50 pounds and a l s o  20 pounds w i t h  a  byproduct c r e d i t  t aken  a s  $2.28. 
That appears  about  r i g h t .  

On t h e  o t h e r  hand, i f  we had not t aken  any byproduct steam ou t  of 
t h e  p l an t  a t  a l l ,  we cou ld  have produced wi th  t h e  same m a t e r i a l ,  same b a s i s ,  
about  68 megawatts, w i t h  a c o s t  of  around 55 m i l l s  pcr Icw-hr. 

T a b l e  2 i s  the same type  of t a b l e  where we have computed t h e  c o s t  
o f  power g e n e r a t i o n  from t h e  f u r f u r a l  r e s idue .  Now, you w i l l  r e c a l l  t h a t  
D r .  Sheppard va lued  t h e  . res idue  t h a t  he took o u t  of  t h e  f u r f u r a l  p l a n t  a t  
roughly $1 per  m i l l i o n  ~ t u ' s .  Well, t h e s e  a r e  t h e  k inds  of numbers t h a t  I 
have shown on t h i s  p a r t i c u l a r  t a b l e .  We have assumed we would use t h e  r e s -  
i due  from making f u r f u r a l  out  of 1,522 me t r i c  tons of s t o v e r .  Our y i e l d  of 
r e s idue  i s  roughly 70% of t h a t  t o t a l .  The r e s idue  conta ined  35% mois ture  
and w e  valued i t  a t  $1 per  m f l l i o n  ~ t u ' s  producing 27 megawatts. You w i l l  
r 6 c a l l  i n  t h e  o t h e r  t a b l e  a  major po r t i on  of ou r  c o s t  was t h e  c o s t  of s t o v e r .  . 
I n  t h i s ,  a n a l y s i s  i t ' s  much sma l l e r .  Again, we took a  major steam c red i t . ,  
g i v i n g  us an  annual  c o s t  of $5.65 i n i l l i o n  w i t h  a  power c o s t  o f  26 m i l l s  p e r  
kw-hr and our  byproduct steam has been  valued h e r e i n  a t  $2.87 per thousand 
pounds. 

Now, t h i s  steam i s  a c t u a l l y  t aken  o f f  ac 130 f b  per square  Inch and 1s 
r e a p p l i e d  d i r e c t l y  i n t o  t h e  f u r f u r a l  p rocess ,  s o  w e  can ,  because of  t h e  
h ighe r  p re s su re s  t h a t  we a r e  employing h e r e ,  va lue  t h e  steam a t  much h ighe r  
va lue  per  thousand pounds. 

Well, when w e  go i n t o  thermal  conversion processes  what are the 
products  we g e t ?  I n  s y n t h e s i s  gas t h e  r e a l  products  t h a t  you a r e  iodking f o r  
a're carbon monoxide and hydrogen. Unfor tuna te ly ,  you end up w i t h  some water  
and carbon d iox ide  i n  l i m i t e d  q u a n t i t i e s .  I n  biomass convers ion ,  t h e r e  i s  
one n i t rogen  produced. A l i t t l e  b i t  of hydrogen s u l f i d e  i s  produced, and 
depending on t h e  process  employed, va r ious  q u a n t i t i e s  of  low molecular  weight 
hydrocarbons such a s  methane, e thy l ene  and e thane  a r e  produced. 

I n  g e n e r a l  f o r  t h e  convers ion  of t h e  s y n t h e s i s  gas t o  products  
l i k e  methanol and methane, you do not  want t h e  n i t rogen  i n  your gas .  With 
ammonia you do want some n i t rogen  i n  your gas .  However, i f  you used a i r  
d i r e c t l y ,  you would produce and handle  t o o  much n i t rogen  i n  t h a t  m a t e r i a l  
and t h e  process  r e a l l y  wouldn ' t  work, s o  t h i s  i s  why we want t o  avoid pro- 
ducing n i t r o g e n  w i t h  t h e  o t h e r  gases .  The produc'ts t h a t  w e  c an  produce from 
t h e  s y n t h e s i s  gas i n c l u d e  ammonia, methanol and methane. 



TART~,E I1 

POWER GENERATION FROM FURFURAL RESIDUE 

I ~ I  LLION D O L L A R S  

POWER COST:.  $0 8 O ~ ~ / K W H  

BY-PRODUCT S T E A M  A T  $2 8 87/1300 POUNDS 



Now, what i s  it t h a t  we want f o r  manufacture of  chemicals  such a s  
ammonia, methane, .and methanol? Well, we want r e l a t i v e l y  high r a t i o s  of  
hydrogen t o  carbon monoxide. With ammonia w e  want no carbon monoxide ending 
up i n  t h e  s t ream.  With methane w e  want a  r a t i o  of 3 p a r t s  hydrogen t o  1 p a r t  
monoxide. With methanol t h e  s i t u a t i o n  i s  a  l i t t l e  b i t  d i f f e r e n t ,  we p r e f e r  
a  r a t i o  of approximately 2 t o  1 of hydrogen t o  ca rbon  monoxide. A s  you can  
s e e ,  w e  do have t o  s e a r c h  f o r  ob t a in ing  t h e  r i g h t  r a t i o  of t h e s e  two primary 
components when we app iy  our convers ion  process  t o  the e ~ l d  product .  Portu-  
n a t e l y ,  t h e r e  i s  t h e  water  s h i f t  r e a c t i o n ,  which i s  a  r e l a t i v e l y  low c o s t  
p roces s ,  t o  g ive  u s  t h e  r i g h t  r a t i o s .  

I t ' s  p r e f e r a b l e  f o r  running t h e  water  gas s h i f t  r e a c t i o n  t o  have 
t h e  proper  r a t i o s  and c o n d i t i o n s  of p r e s su re ,  temperature  and mois ture  con- 
tent i r k  q r d e r  a c t u a l l y  t o  ops ro t c  the wate r  s h i f t  r e a c t i o n .  

Well ,  what do w e  want when we go t o  f u e l s ?  Well,  a g a i n  we want 
~ t u ' s ,  which i s  ano the r  way of  say ing  y i e l d .  We a l s o  want t h e  y i e l d  f o r  
t h e  chemica ls .  We do wariL Lu end up w i t h  adequate  p re s su re  when WP a r e  
through producing our  f u e l  t o  a c t u a l l y  forward t h e  f u e l  t o  t h e  f i n a l  u s e r  
o f  t h e  proudct .  And i n  o r d e r  t o  have a  r e l a t i v e l y  h igh  n e t  h e a t i n g  va lue ,  
and f o r  proper  burning c h a r a c t e r i s t i c s ,  w e  do want t o  produce n r e l a t i v e l y  
d r y  m a t e r i a l .    hat's no t  q u i t e  a s  t r u e  a s  when w e  were looking a t  t h e  chem- 
i c a l s  and we need some water  t o  run  t h e  water  s h i f t  r e a c t i o n .  

We have looked a t  s e v e r a l  cand ida t e  s y n t h e s i s  gas  processes .  We 
have looked a t  t h e  Purox moving bed, which i s  a  Union Carbide process ,  
we have looked a t  t h e  Pullman-Kellogg molten s a l t  p rocess ,  t h e  Kuppel-s- 
Tntxek f l u i d i z e d  bed,  t h e  Ba i l i e -F lu id i zed  6ed process ,  and t h e  C02 Acccptor 
process .  

To t h e  e x t e n t  t h a t  we have s t u d i e d  t h e s e  processes  t o  d a t e ,  our  
sonc lus inn  i s  t h a t  t h e r e  a r e  r e a l l y  no c l e a r  winners  o r  l o s e r s  i n  t h i s .  We 
end up wi th  a  l o t  of  ye s ,  i t  looks f avo rab l e ,  and t h e r e  a r e  t h c s e  advantages,  
hut t h e r e  a r e  t h e s e  o t h e r  problems. So wl th  almosr a l l  ul Lllrse p i ~ e e 3 s c l ;  
w e  have- a  "yes,  bu t"  s i t u a t i o n  and r e a l l y  t h e  on ly  way t h a t  w e  can  r e a l l y  
e s t a b l i s h  what process  would work b e s t  i s  by some r e a l  p i l o t  p l a n t  work. 
We have looked a t  t h e s e  f i v e  processes .  There a r e  q u i t e  a  number o f  o t h e r s  
t h a t  might be p o s s i b l e  and a l l  we have done i s  sample t hose  t h a t  w e  f e e l  
a r e  t h e  most l i k e l y .  

I might mention t h a t  rr~ost of  t h e s e  processes  a r e  b a s i c a l l y  pool 
p rocess ing  types  o f  s y n t h e s i s  ga s  processes .  When w e  look a t  s t o v e r  o r  f u r -  
f u r a l  r e s idue  a s  f eeds tock  it does have some advantages.  It i s  a  r e l a t i v e l y  
f i n e  m a t e r i a l .  Therefore ,  w e  end up w i t h  a  h ighe r  r e a c t i v i t y  b a s i c a l l y  t h a n  
what one might f i n d  w i t h  a  r a t h e r  hard g r a n u l a r  t ype  product c a l l e d  c o a l .  



Conversely t h a t  same f l u f f i n e s s  problem a l s o  t u r n s  o u t  t o  be one of t h e  major 
d i sadvantages .  We have heard t h a t  i n  some c a s e s  t h e r e  i s  concern t h a t  t h i s  
f l u f f y  m a t e r i a l  i s  ve ry  l i k e l y  t o  blow r i g h t  ou t  of t h e  r e a c t o r  o r  ou t  of  
t h e  g a s i f i e r .  So some o f  t h e  people t h a t  a r e  most acquainted wi th  ou t  pro- 
c e s s e s  a r e  q u i t e  concerned about whether o r  not  we can  r e a l l y  handle  t h e s e  
m a t e r i a l s .  

Another d i sadvantage  of t h e  s t o v e r  o r  f u r f u r a l  r e s idue  i s  i t s  
r e l a t i v e l y  h igh  mois ture  c o n t e n t .  By and l a r g e  t h e r e  i s  a  l i t t l e  b i t  t o o  
much mois ture  t h e r e .  We have cons idered  some va r ious  types  of d ry ing  pro- 
c e s s e s  f o r  t h e  gas .  

Figure 2 i s  a  flow s h e e t  of  t h e  Purox process .  The m a t e r i a l  comes 
down through a feed h o p p ~ r  t h rn~ igh  a coup l e  of s e a l s  and drops i n t o  a  s h a f t  
fu rnace  t h a t  i s  a  g a s i f i c a t i o n  zone. The gas i s  t aken  o f f  from he re  and 
moved i n t o  a  gas c l e a n i n g  t r a i n .  The primary gas  t h a t  we in t roduce  i n  t h i s  
process  i s  oxygen. It goes through a  combustion zone, burning t h e  c h a r ,  and 
e v e n t u a l l y  works i t s  way up coun te rcu r r en t  t o  t h e  f a l l i n g  s o l i d  m a t e r i a l  and 
on over  i n t o  t h e  gas c l ean ing  t r a i n .  

The Purox process  ope ra t e s  a t  roughly atmospheric p re s su re .  A s  
i s  i m p l i c i t  from t h e  diagram of  Figure 2 ,  an  oxygen p l a n t  i s  r equ i r ed .  And 
t h e  way t h a t  i t ' s  been proposed t o  ope ra t e  t h e  Purox process  is  w i t h  a  water  
quench t h a t  drops t he  temperature  of t he  gas t o  roughly 180°F. A s  a  consequence 
one does remove much of  t h e  mois ture  t h a t  was genera ted  i n  t h e  hyd rogas i f i ca -  
t i o n  dur ing  t h e  wa te r  quench r e a c t i o n .  

A s  I b e l i e v e  I mentioned be fo re ,  t he  Purox process  has  been developed 
by Union Carbide.  They have opera ted  a  250 t ons  per  day demonstrat ion p l a n t  
i n  South Char les ton  and a r e  proposing t h e  i n s t a l l a t i o n  of a  p l an t  t o  be oper-  
a t e d  on municipal  s o l i d  waste  i n  S e a t t l e ,  Washington, t o  produce ammonia, 
accord ing  t o  our  most r e c e n t  understanding.  Again, we a r e  concerned about a  
f l u f f i n e s s  problem. However, Union Carbide f e e l s  t h a t  t h i s  i s  simp'ly a  de- 
s i g n  problem t h a t  can be so lved .  

What kind of  composi t ions do we have coming from t h e  Purox process? 
Table 3 shows on a  d r y  b a s i s  t h e  concen t r a t i ons  of va r ious  products .  A s  I 
mentioned before ,  what we want t o  produce i s  a  high y i e l d  o f  t h e  combination 
of  hydrogen and carbon  monoxide and hope fu l ly  a t  l e s s e r  concen t r a t i ons  of  
carbon d iox ide .  Product ion of hydrocarbons i s  n i ce  i f  you a r e  producing 
methane. However, t hey  can work t o  your de t r iment  i f  you a r e  producing 
ammonia o r  methanol,  and must be removed i n  o rde r  t o  ope ra t e  t h e  proper  con- 
v e r s i o n  process  i n  t h e s e  k inds  of c o t ~ c e n t r a t i o n s .  IIydrocarbons up t o  about 
5% a r e  reasonable ,  bu t  when you begin  t o  exceed about  5% hydrocarbons it d o e  
begin t o  g e t  s t i c k y  because of  t h e  way t h e  processes  a c t .  



Figure 2 



TABLE 111 

SYNTHESI s GAS COMPOSITION FROM PURO@ PROCESS, 
MOLE PERCENT 



We r e f e r  t h e  t h e  gas  produced from t h e  Purox process  a s  a medium 
Btu gas wi th  h e a t i n g  content  of roughly 340 Btu ' s  per  s tandard  cu f t .  

What kind of economics do we have from the  Purox process? Table 4. 
compares t h e  c o s t s  of producing s y n t h e t i c  gas by t h e  Purox process  from 
s t o v e r  and from f u r f u r a l  r e s idue .  The f i g u r e s  shown on a wet b a s i s  w i th  
t h e  mois ture  con ten t  f o r  s t o v e r  a t  20% and wi th  t h e  f u r f u r a l  r e s idue  a t  
35%. A l l  t h e  processes  t h a t  I ' m  going t o b e  desc r ib ing  f o r  t h e s e  k inds  
of s y n t h e s i s  gas  p roces ses .have  a f i x e d  q u a n t i t y  of carbon monoxide p l u s  
hydrogen i n  o r d e r  t o  o p e r a t e  our  conversion processes  t h a t  we w i l l  d i s -  
c u s s  l a t e r  on. 

I n  terms of m i l l i o n s  of Htu 's  prddiiced per day,  but11 l ~ l a t e r i a l s  
produce the same amounts. The major d i f f e r e n c e  i n  t h e s e  f i g u r e s  from Table 4 
i s  t h e  cos t  of t h e  raw m a t e r i a l .  'l'he d i f fe rer ice  in rhe c u s t  ull' the stover  
and t h e  r e s idue  is  more than  a f a c t o r  of 2 because of t h e  way we valued our  
f u r f u r a l  r e s idue .  The major d i f f e r e n c e  i n  gas cos t  i n  t e r m s  of d o l l a r s  
p e r  m i l l i o n  B tu ' s ,  is  r h a t  gas  from fur1ux-a1 c o s t  $3.05 and t h c  gas c o s t  
from s t o v e r  i s  much h ighe r  than  t h a t  a t  $4.95. 

Tlie annual ized  c a p i t a l  charges ,  a r e  i d e n t i c a l  t o  those  as men- 
t i oned  by D r .  Sheppard. We have included s ink ing  funds t o  r e t u r n  pr in-  
c i p a l  t o  both  e q u i t y  and debtholders ,  14% r e t u r n  on investment,  and an 8.75% 
r e t u r n  on t h e  i n t e r e s t  of t h e  60% debt .  

Our c o s t  a n a l y s i s  f o r  s y n t h e t i c  gas from corn s t o v e r  assumes 
t h a t  t h e  corn s t o v e r  c o s t  $40 per  ton.  A t  t h i s  p r i c e ,  t h e  gas c o s t  $4.85 
p e r  m i l l i o n  Btu ' s .  F igure  3 shows t h e  s e n s i t i v i t y  of t h e  f i n a l  gas  c o s t  a s  
a func t ion  of t h e  raw m a t e r i a l  c o s t .  For example, had w e  chuse~ i  $20 per  
to11 f o r  corn s t o v e r  t h e  c o s t  of n a t u r a l  gas  becomes a much more f avo rab le  
$3.40, whi,ch is beginning t o  come c l o s e  t o  t h e  numbers thar we had with 
t h e  f u r f u r a l  r e s idue .  

I would l i k e  t o  show you another  process  r e f e r r e d  t o  a s  t h e  
Kellogg 's  molten salt process .  F igure  4 i s  a schematic o u t l i n e  of how 
t h i s  process  works. 

The feed  i s  f e d  i n t o  a molten s a i t b a t h  f o r  very i n t i m a t e  mixing 
and complete g a s i f i c a t i o n .  This  process  i s  a l s o  oxygen blown. On econom- 
i c s  t h i s  p roces s  seems t o  be very  comparable t o  t h e  Purox process .  

The i in iqi i~.  t h i n g  about t h e  Kellogg molten s a l t  p rocess  i s  t h a t  
i t  does come out  a t  h igh  p re s su re  temperature and, t h e r e f o r e ,  because of 
t h e  way i t  behaves we end up wi th  a l o t  more mois ture  content .  

Table 5 compares t h i s  process  wi th  t h e  Purox process  f o r  c o s t .  
Th i s  comparison is  based on f u r f u r a l  r e s idue .  The gas c o s t  f o r  d o l l a r s  
p e r  m i l l i o n  B t u ' s  i s  about t h e  same f o r  the two processes .  

The B a i l i e  process  i s  a two fludized-bed process .  Here i s  pr in-  
c i p a l  advantage i s  t h a t  no oxygen p l a n t  i s  requi red .  Combustion occurs  



TABLE IV 

SYNTHESIS GAS MANUFACTURE--PURO@ PROCESS 

AMOUNT--METR I c TONS 2,131 2,866 
MOISTURE CONTENT, % 20 35 

COST $ ~ O / D R Y  TON $ ~ / M M  BTU 
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C o s t  o f  C o r n  S t o v e r  i n  D o l l a r s  P e r  T o n  

RAW M A T E R I A L S  COST AND PKO[JUCT COST COMPARISON 
FOR THE PUROX PROCESS ON CORN STOVER 

Figure 3 



KELLOSS'S  MOLTEN S A L T  PROCESS 

F i g u r e  4 



TABLE V 

SYNTliESI S GAS MANUFALTURE--MOLTEN 
SALT PROCESS ON FURFURAL RESIDUE 

EN SAI T PUROX 

FFED-METR I c TO-NS 2,922 2,866 
37x M O I S T U R E  CONTENT 35 

COST 
$ ~ / M M  BTU $ ~ / M M  BTU 



in one but not the other. More hydrocarbons are formed in this process, 
which makes conversion to ammonia and methanol more difficult. The 
Bailie process has been demonstrated at only laboratory scale whereas 
the others have had more major demonstration than these. 

When we turn our attention to the conversion of this synthesis 
gas to ammonia, we are targeting in on a very large market. Ammonia con- 
sumes about 3% of the natural gas that this country is producing. Ammonia 
is a significant natural gas consumer. Our basis for the cost estimate 
for producing ammonia was that the feedstock came from a Purox process. 
Although ammonia is not currently produced from this type of feedstock, 
we felt that the processes for making ammonia from other materials would 
be similar to making it from feedstock that came from the Purox process. 

Table 6 is an analysis of the cost of manufacturing ammonia. 
Three cost estimates were prepared. One cost estimate was prepared that 
assumed thaC stover from 3 Purox process was used. Two estimates were 
prepared on ammonia manufacture furfural residue, one where the furfural 
residue first went through a Purox process and another one where a molten 
salt process was first used. The amount of ammonia produced per day in 
our cost analysis is about 690 short tons. 

From Table 6 it can be seen that when we produce ammonia from 
stover by the Purox process the cost is about $254 per short ton. Last 
fall ammonia only cost $170 per short ton, so this doesn't appear to be 
an economical way to produce ammonia. On the other hand, when we com- 
pare the estimated cost of about $195 per short ton for ammonia from fur- 
fural residue to a prujected 1380 price of abnilt. $190 to $200 per short 
ton of ammonia produced from natural gas then making ammonia from furfural. 
residue seems to be a promising venture. 

Now let's look at converting stover or furfural to methanol. 
Methanol has what I call a large market. It consumes about eight- 
tenths of 1% of our natural gas used in the country. Table 7 shows the 
cost estimate of producing methanol from stover and furfural that has 
first gone through the Purox process. An analysis of this table shows 
that methanol from stover costs $1.09 per gallon and methanol from furfural 
costs $0.76 per gallon. Neither of these costs compares favorable with the 
current list price of methanol which is about 45 cents per gallon. 

The third conversion process to be reviewed is the conversion 
of residues and furfural to methane. One of the problems we encounter in 
this conversion process is that most of our conversion plants must be 
designed on a small scale. A second drawback from making methane from 
residues and furfural is that the gas is produced at a low pressure in, 
say, the Purox process, so more pressure needs to be added to make methane. 

There are a couple of things that we can do, though, to make 
production of methane more economical. There is a them systems type of 
technology wherein they have proposed a three-phase methanation or com- 
bination methanationlshift catalyst system be used. In this system, the 



TABLE VI 

AMMONIA MANUFACTURE--690 SHORT TONS/DAY 



TABLE V I I  

METHANOL MANUFACTURE V I A  PUROX PROCESS--430 TONS/DAY 

ANNUAL COSTS MILLIONS OF DOLLARS 



c a t a l y s t  was suspended i n  some l i q u i d  such a s  kerosene f o r  t h e  methana- 
t i o n .  Also w i th  chem systems process  no r e c y c l e  is r e q u i r e d . .  This  f a c t  
enab le s  us  t o  save  a s  much a s  25 t o  35 c e n t s  pe r  m i l l i o n  Btu i n  t h e  pro- 
d u c t i o n  of methane. 

A second p roces s  t h a t  would make t h e  product ion  of methane from 
r e s i d u e s  and f u r f u r a l  more economical i s  t h e  Syngas Recycling Corporat ion 
process .  I n  t h i s  p roces s  w e  a r e  us ing  two s e p a r a t e  beds f o r  t h e  Syngas 
p r e p a r a t i o n  i n  which no oxygen i s  in t roduced  dur ing  t h e  hydrogasif  i c a r l a n  
s t e p .  It is kind of  a  two-bed ope ra t i on  l i k e  t h e  B a i l i e  process '  o r  t h e  
C02 accep to r  process .  However, t h e  oxygen is  in t roduced  wi th  a  char  gas i -  
f i c a t i o n .  It is  hoped t h a t  t h i s  p rocess  w i l l  i n c r e a s e  our  i n i t i a l  y e i l d  
o f  methane du r ing  t h e  f i r s t  s t e p .  

The Syngas Recycl ing Corporat ion process  has  two advantages.  
The gas  ends up t o  be  more p re s su r i zed  a t  i t s  e f f l u e n t  p r e s su re  and t h e r e  
i s  a  h ighe r  i n i t i a l  methane y i e l d .  But t h e  c o s t  of t h e  methane gas  from 
t h i s  p rocess  is  $6 pe r  m i l l i o n  ~ l t u ' s .  T h a t ' s  p r e t t y  h igh  when w e  a r e  t a l k -  
i n g  about  $1.42 aK ~ h e  wel l  head ~ U L  ildLura1 gas. 

I would l i k e  t o  make a few conunents about  t h e  r e s u l t s  of our  com- 
p a r i s o n  of t h e  c o s t  of u s ing  corn s t o v e r  and f u r f u r a l  w i th  t h e  c o s t  of us ing  
bagasse  which i s  t h e  f i b r o u s  m a t e r i a l  l e f t  over from a sugarcane e x t r a c t i o n .  
Corn s t o v e r  b a s i c a l l y  y i e l d s  products  t h a t  c o s t  more than t h e  products  from 
bagasse  p r i m a r i l y  because of two cons ide ra t i ons .  One, s t o v e r  has  l e s s  
l i g n i n  conten t  p e r  d ry  ton ,  which g ives  u s  a  lower energy conten t  a t  t h e  
beginning.  And two, w e  have a l r c a d y  c o l l e c t e d  our  bagasse a t  t h e  sugar  re- 
f i n e r y ,  s o  i t ' s  d e l i v e r e d  a t  v i r t u a l l y  no c u s ~ .  So we can r e a l l y  t a l k  
about  $1  pe r  m i l l i o n  Btu be ing  a  reasonable  va lue  f o r  our  bagasse.  

Howcvcr,   imply because n f  the way we p layed  t h e  b a l l  game and 
va lued  our  f u r f u r a l  r e s idue  a t  $1 per  m i l l i o n  Btu, obviously we w i l l  come 
up w i t h  comparable ecorlu~~iics  f o r  bagasse and f u r f u r a l .  I t ' s  i m p l i c i t  i n  
o u r  assumptions. The ligrli l l  vdlues and therefore t h c  energy con ten t s  are 
s i m i l a r  on a per  t o n  b a s i s  because i n  t h e  case  of f u r f u r a l  we have con- 
c e n t r a t e d  the  amount of l i g n i n  i n  t h e  s t o v e r .  The b i g  problem wi th  fur -  
f u r a l  r e s i d u e  i s  t h a t  we c a n ' t  put  i n  enough p roces s ing  p l a n t s  without 
overwhelming t h e  market wi rh  f u r f u r a l .  



SYSTEM CONSIDERATIONS 

E. S. L ip insky  

B a t t e l l e  Columbus Labora to r i e s  

I ' m  going t o  t a l k  f o r  a  few minutes concerning systems cons idera-  
t i o n s .  E s s e n t i a l l y  what w e  want t o  n o t e  he re  i s  t h a t  w e  do n o t  have a  s p e c i a l  
energy p l a n t a t i o n  o r  anyth ing  l i k e  t h a t  . t h a t  has  t o  be  b u i l t .  I n s t e a d ,  we 
a r e  t a l k i n g  i n  t h i s  conference about  t h ings  t h a t  farmers  can s t a r t  do ing  
r i g h t  away i f  t h e r e  i s  a  good p r o f i t  margin involved f o r  them. I f  one good 
t r e e  p l a u t a t i o n  were s t a r t e d  now, t h e  f i r s t  ha rves t  would not  be  f o r  6 yea r s .  
So, t h e  f i r s t  t a n g i b l e  payoff would be 6 yea r s  from p l an t ing ,  whereas farmers  
could be ga the r ing  s t o v e r  r i g h t  now i f  they could f i n d  a  p r i c e  f o r  i t .  Of 
course ,  i t  i s  going t o  t u r n  ou t  t h a t  t h e r e  w i l l  be competi t ion w i th  food and 

feed  a p p l i c a t i o n s  f o r  t h i s  biomass ou tput .  And u l t i m a t e l y ,  i n  t h i s  count ry  
t h e  market mechanism i s  going t o  a l l o c a t e  t h e  co rn  among t h e  v a r i o u s  u s e r s .  

L e t ' s  j u s t  t ake  a  look a t  a  couple  of  "what i f  's" here .  What i f  
i n  some year  l i k e  1990 o r  whatever ,  t h e  United S t a t e s  i s  us ing  a  hundred 
quads o f  energy? I f  we wanted t o  g e t  1% of t h a t ,  t h a t  i s  1 q u a d r i l l i o n  Btu 
of energy, f r o m  corn g r a i n  by fermcntaLiull, we would e s s e n t i a l l y  have t o  f e r -  
ment 4 b i l l i o n  bushe ls  o r  about  two- th i rds  o r  t h r e e - q u a r t e r s  of  t h e  corn  
g r a i n  t h a t  we u s u a l l y  produce. Of course ,  by t h e  t i m e  w e  wanted t o  make t h a t  
much ethanol ,we might be a b l e  t o  expand our  co rn  ac reage  t o  t h e  p o i n t  where 
w e  a r e  t a l k i n g  about  h a l f  t h e  corn  going t h a t  way. S t i l l  t h a t ' s  a  tremendous 
amount and what i t  r e a l l y  says  i s  t h a t  i f  we t r y  t o  t h ink  i n  terms of  produc- 
i n g  a  quad from corn  g r a i n ,  we a r e  t h ink ing  too  b i g .  We a r e  t h ink ing  l . ike 
a  petroleum o u t f i t  and no t  l i k e  t h e  s c a l e  t h a t  one u s u a l l y  works on here .  

L e t ' s  t ake  a look, though, a t  t h e  corn  s t o v e r  t h a t ' s  be ing  l e f t  
o u t  t h e r e  i n  t h e  f i e l d .  I f  we were t o  burn up 120 m i l l i o n  tons of  corn  
s t o v e r ,  which would be l eav ing  enough on t h e  s o i l  s o  t h a t  no t  t oo  many en- 

v i r o n m e n t a l i s t s  would k i l l  u s ,  we could g e t  c l o s e  t o  2  quads. But i f  we used 
any kind of a n  energy conversion process  t h a t  g o t  us a  50% e f f i c i e n c y  w e  
would be  back down t o  a  quad. So r e a l l y  i n  o rde r  t o  g e t  1 o r  2  quads from 
co rn ,  w e  have t o  s c u r r y  around and p ick  up almost  a  hundred percent  of  t h e  
s t o v e r  t h a t ' s  not needed f o r  t h e  s o i l ,  which a g a i n  is  something t h a t  r e a l l y  
i s  no t  a l l  t h a t  f e a s i b l e .  

~ e t ' s  look a t  i t  ano the r  way. L e t ' s  t a l k  about  . taking 10% of our  

co rn  g r a i n  and conve r t i ng  t h a t  to.  e t h y l  a l c o h o l .  And b a s i c a l l y ,  t h i s  i dea  
looks a  l o t  b e t t e r  because t h a t ' s  more l i k e  what w e  could expect  t o  c o l l e c t  
and i t  would g ive  us about  1% of our  motor f u e l  needs. But, a s  D r .  S c h e l l e r  



poin ted  o u t ,  t h i s  would be  concent ra ted  i n  a  few g r a i n  producing s t a t e s  and 
perhaps would be 5% of  those  g r a i n  producing s t a t e s '  needs.  

However, u s ing  e t h y l  a l coho l  w i l l  r e q u i r e  some ve ry  coope ra t i ve  
s t a t e  l s g i s l a t u r e s  and w e  d o n ' t  know how the  l e g i s l a t u r e s  a r e  going t o  look 
a t  t h i s  type o f  th ing .  I th ink  it': b e t t e r  t o  t h ink  o f  it i n  terms of  t h e  
amount o f  e thano l  w e  produce from corn  g r a i n  w i l l  be  roughly s i x  t imes t h e  
c u r r e n t  market f o r .  i n d u s t r i a l  e t h y l  a l coho l  and we b e l i e v e  t h a t  t h e  economic 
c ros sove r  p o i n t  on i n d u s t r i a l  e t h y l  a l coho l  is  v i r t u a l l y  h e r e  now. So es-  
s e n t i a l l y  t h a t ' s  t h e  way one could go. And from the  chemical i n d u s t r y ' s  
p o i n t  o f  view, you might say  t h a t  t h i s  type o f  renewable r e sou rce ,  then,  
i s  very  l i k e l y  t o  be  a  b i g  success .  From ERDA's p o i n t  of view, making a l l  
t he  e t h y l  a l c o h o l  i n  t h e  United S t a t e s  iS a very  Sam11 th ing  compared t o  rhe 
s i z e  o f  t he  t o t a l  cr is is .  

And inc iden ta l . l y ,  w e  b e l i e v e  t h a t  petroleum would have t o  r i s e  a n  
i n o r d i n a t e  amount i n  o r d e r  f o r  e thy l ene  product ion from biomass t o  become a 
s e r i o u s  p o s s i b i l i t y  r i g h t  now and t h a t  we should no t  be  s i t t i n g  around think-  

i n g  about  "p i e  i n  t h e  sky1' on e thy l ene  i n  t he  year  2000. We should g e t  t o  work 
on Che th ings  t h a t  work now. 

L e t ' s  t a k e  a  look a t  what w e  might do  w i t h  t h e  s t o v e r  m a t e r i a l .  
E s s e n t i a l l y  i f  we make ou r  f u r f u r a l  from stover--and l e t ' s  no t  worry about  
t h e  economics of t h a t  a t  t h i s  p o i n t ,  t h e  previous speakers  have gone i n t o  
t h a t - - e s s e n t i a l l y  w e  can g e t  our  r e s i d u e s  cheaply enough t o  make a  l o t  of  
ammonia from the  r e s i d u e s .  Now, n o t i c e  I say  a l o t .  I n  o r d e r  t o  produce 
a l o t  of a~ullonia, w e  a r e  t a l k i n g  about  having t o  expand f u r f u r a l  damand by 
a ve ry  l a r g c  margin and w e  w i l l  get i n t o  t h e  p o s s i b i l i t i e s  of doing that i n  
t h e  r e s e a r c h  and developiiiene s e c t i o n .  

F igu re  1 shows t h e  way our  corn  i s  used now and how we might 
change t h a t  use  i n  2000. Cur ren t ly  i n  corn  g r a i n  w e  a r e  expor t i ng  around 
30% and one could v i s u a i i z e  dropping down on the exporrs  a b i c .  And, i f  
we d i d n ' t  u sc  q u i t e  cis b i g  a percentage  of corn  g r a i n  f o r  anirual feed then 
i n  t h e  year  2000, perhaps we could be  us ing  a  f a i r  amount of  corn  g r a i n  f o r  
f u e l s  and chemicals .  This  would b c  n very  f l u i d  s i t u a t i o n  and i t  would de- 
pend on how much t h e  farmer t h inks  h e  can g e t  by s e l l i n g  h i s  g r a i n  f o r  v a r i -  
ous u se s .  

T h e  cuxc! s tover  s i t u a t i o n  i s  one t h a t  I would l i k e  t o  dwcll  on 
j u s t  f o r  a  moment he re .  F igu re  2 shows how we have a l o t t e d  c u r r e n t  and 
f u t u r e  corn  s t o v e r  use.  We have assumed he re  t h a t  t h e r e  is  about  a 35% 
need o f  t he  s o i l  f o r  co rn  s t o v e r ,  t h a t  i s  s o  t h a t  w e  d o n ' t  have t h e  e ros ion .  
This  35% w i l l  be  c o n s t a n t .  Right  now about  10% of  corn  s t o v e r  goes i n t o  
f eed ,  s o  w e  have g o t  a  l o t  of  s t u f f  l y i n g  around i n  the s o i l  t h a t ' s  r e a l l y  
n o t  he lp ing  i t  t h a t  much and I ' m  c a l l i n g  t h a t  redundant m a t e r i a l .  And we 
can env i s ion  t h a t  over  a  per iod  of  time i f  buyers o f  corn  s t o v e r  such a s  
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Quaker Oats and The Andersons and o t h e r s  were joined by a d d i t i o n a l  buyers  
then one could g e t  t o  t h e  p o i n t  where bo th  t h e  feed use  and the  chemicals 
and f u e l s  use  of  corn  s t o v e r  expand. 

The farmer has  go t  t o  dec ide  what t o  do w i t h  h i s  corn  s t o v e r ,  
whether t o  feed i t  t o  h i s  c a t t l e ,  pu t  i t  on h i s  s o i l  o r  s e l l  i t  t o  somebody 
e l s e ,  and h e ' s  g o t  one o f  t h e  s h a r p e s t  p e n c i l s  i n  t h e  count ry  a s  t o  how t h a t  
w i l l  work. Once the  s t o v e r  g e t s  t o  t h e  processor ,  t h a t  p rocessor  has  t o  de- 
c i d e  whether t he  p r i c e  of  f u e l s  is  h igh  enough s o  t h a t  h e  w i l l  be  i n  t h e  f u e l  
bus ines s  o r  whether he  would r a t h e r  s t a y  i n  f eeds  o r  chemicals o r  whatever.  
The same s o r t  of c o n s i d e r a t i o n s  apply  t o  g r a i n .  A diagram o f  t h e s e  d e c i s i o n  
processes  i s  i n  F igure  3 .  

So he re  we have a s i t u a t i o n  i n  which we a r e  looking a t  an  i n t e r -  
e s t i n g  oppor tun i ty  f o r  t h e  farmer.  The farmer who s e l l s  h i s  corn  s t o v e r  
f o r  making f u r f u r a l  o r  ammonia o r  whatever i s  a l s o  a  b i g  buyer of  f e r t i l i z e r  
and feeds .  I f  h e ' s  making a  d e a l  i n  h i s  l o c a l  community where h e  can be  as -  
sured  o f  g e t t i n g  urea  f o r  feed ing  use and f e r t i l i z e r  f o r  corn  p l a n t i n g  i n  
exchange f o r  s e l l i n g  h i s  corn  s t o v e r ,  then t h e  whole process  begins  t o  have 
a  very  good f u e l s  and chemicals systems f e e l  t o  i t .  There i s  a  mot iva t ion  
f o r  the  farmer t o  p r i c e  h i s  t h ing  h e ' s  s e l l i n g  a t  a  r ea sonab le  p r i c e  and 
t h e r e ' s  a motive f o r  t h e  man process ing  t h e  s t o v e r  t o  be  equa l ly  r ea sonab le  
because h e ' s  g o t  a  p l a n t  t h a t  he c a n ' t  move away from t h a t  a r e a .  He's g o t  
t o  d e a l  w i t h  t h a t  farmer year  a f t e r  yea r .  

I n  t h e  co rn  g r a i n  s i t u a t i o n ,  one could be making e thano l  primar- 
i l y  f o r  chemicals use.  E s s e n t i a l l y  we a r e  say ing  t h a t  t h e  e thy l ene  and 

major polymers use  i s  a  long term Euture d e a l .  

So t h e  conc lus ion  t h a t  w e  come t o  i n  t h i s  systems c o n s i d e r a t i o n s  
i s  t h a t  t he  corn  a l l  by i t s e l f  i s  c e r t a i n l y  n o t  going t o  s o l v e  any g r e a t  
b i g  energy problem such a s  t h e  u n i t e d  S t a t e s  has .  It does have some essen-  

t i a l  ro1.e.s t o  p l ay ,  e s p c c i a l l y  s i n c e  t h i s  s o r t  of t o l l  ammonia system 
may r ep re sen t  a  very  n i c e  b r idge  t h a t  w i l l  ge t  t h e  farmer accustomed 
t o  s e l l i n g  t o  a  chemical manufacturer i n s t e a d  of t o  h i s  t r a d i t i o n a l  mar- 
k e t s .  The corn ,  of course ,  is  going t o  have t o  f i g h t  i t  ou t  wi th  sugar- 
cane f o r  e t h a n o l  markets and, o r  cou r se ,  B a t t e l l e  is  on both s i d e s  of 
t h a t  fence.  W e  r epo r t ed  l a s t  f a l l  on sugarcane,  and sugarcane i s  a  l o t  
l e s s  opt imized a s  a  system than i s  corn.  We can s e e  some ways i n  which 
t h e  y i e l d s  of sugar  and t h e  c o s t  of sugar  a s  raw sugarcane j u i c e  i n  t h e  
United S t a t e s  can be  brought down a  l o t .  However, w e  have n o t  found com- 
pa rab l e  c o s t  e f f i c i e n c i e s  o f  f u t u r e  t h i n g s  t o  be done with corn ,  simply 
because t h e  corn  people  have done such a  sp lendid  job up t o  now. How- 
e v e r ,  w e  t h i n k  t h a t  corn  w i l l  have some succes s  bu t  t h a t ' s  going t o  awai t  
r e sea rch .  
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RESEARCH AND DEVELOPMENT OPPORTUNITIES 

E. S. L ip insky .  

B a t t e l l e  Columbus Labora to r i e s  

Now we come t o  t h e  r e sea rch  and development o p p o r t u n i t i e s .  Remem- 
be r  t h a t  corn  i s  n o t  i d e n t i c a l  i n  i t s  composition t o  t h i n g s  l i k e  c o a l  o r  
petroleum. I t ' s  w e t  compared t o  petroleum and c o a l ,  i t ' s  got  a  d i f f e r e n t  
carbon c o n t e n t ,  i t ' s  more r e a c t i v e ,  i t ' s  d i f f e r e n t .  The corn r e s i d u e s  w e  
f e e l  a r e  g r e a t l y  u n d e r u t i l i z e d .  These r e s i d u e s  have got  a  l o t  of poly- 
s accha r ides  and n o t  much l i g n i n  which sugges t s  something. Mainly, t h a t  
this i s  a l o t  b e t t e r  m a t e r i a l  t o  t r y  t o  hydrolyze than is  wood. We f e e l  
t h a t  t h e  people who a r e  looking a t  t r e e s  L U L  h y d r o l y o i ~  are lnnking a t  t h e  
wrong raw m a t e r i a l .  Corn r e s i d u e  would be n i c e  f o r  hyd ro lys i s .  

However, we do know from Pro fe s so r  Wilke 's  experiments and o t h e r s  
t h a t  enzymes a r e  slow and they a r e  c o s t l y ,  s o  t h a t ' s  a  long range s i t u a t i o n  
t h a t  we should n o t  s t o p  working on, bu t  w e  j u s t  shou ldn ' t  expect  any b i g  
commercial r e s u l t s  soon. 

Where can we g e t  some commercial r e s u l t s  sooner? One t h i n g  would 
be  t o  do one of t h e s e  a c i d  hydrolyses .  The t r o u b l e  w i th  a c i d  hyd ro lys i s  i s  
t h a t  people  have terlded t o  act  l i k e  a broken record .  They used t h e  same 
d i l u t s  s t r o n g  a c i d s  decade a f t e r  decade s t a r t i n g  i n  t h e  19001s,  s u l f u r i c  
a c i d ,  hyd roch lo r i c  a c i d ,  and you g e t  p rocesses  t h a t  a r e  t e r r i b l e  t o  con- 
t r o l .  And t h e  reason  goes back t o  some b a s i c  physical,  o rgan ic  chemis t ry ,  
which i s  t h a t  when you make t h e  suga r s  from t h e  po lysacchar ides ,  t h e  suga r s  
a r e  more r e a d i l y  c lobbered by a c i d  than  a r e  t h e  po lysacchar ides  i n  some- 
t h i n g  l i k e  corn s t o v e r .  So you g e t  a  m e s s .  

Now, t h e r e  were some processes  w i t h  s t r o n g  a c i d ,  bu t  t hose  
need a  magic recovery system, which nobody has  invented .  So l e t ' s  s e e  i f  
t h e r e .  i s .  a  way o u t  of t h i s .  

W e l l ,  s u r p r i s i n g l y ,  t h e  weak a c i d s  l i k e  a c e t i c  a c i d  have been looked 
a t  very  l i t t l e .  There is  a  n i c e  i n t e r e s t i n g  p a t e n t  by a  man named Snyder 
i n  t h e  l a t e  f i f t i e s  and v i r t u a l l y  no o t h e r  work on a c e t i c  ac id .  So by 
us ing  a  weak a c i d  i n  a  bu f f e r ed  s o l u t i o n  one can g e t  a  s i t u a t i o n  where 
t h e  polysaccharj-des tend t o  hydrolyze well, b u t  t h e  a c i d  i s n ' t  s u f f i c i e n t l y  
s t r o n g  t o  do t h e s e  dehydrat ions.  

F igure  1 sugges ts  a  method f o r  hyd ro lys i s  using a  screw convey- 
o r .  I n  t h i s  p rocess ,  you would take  t h e  corn  . . r e s i d u e s ,  t he  s t o v e r  and 
s l u r r y  and push them'through a  screw conveyor w i t h  steam t o  g e t  your tem- 
p e r a t u r e  up. When you have g o t  t h a t  s t u f f  h o t ,  you put  i n  one of those weak 
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a c i d s  l i k e  a  c i t r i c  a c i d  o r  a c e t i c  a c i d  and run  i t  through f o r  t h e  appro- , 
p r i a t e  length  of time. A t  the  end of t h e  h e a t i n g  w i t h  the  a c i d ,  you squeeze 
t he  l i q u i d  ou t  of the  m a t e r i a l .  And one could hope by c o n t r o l l i n g  t he  con- 
d i t i o n s  t o  end up w i t h  a  very  f a s t  r e a c t i o n ,  but  a very  g e n t l e  r e a c t i o n  f o r  
hydro lyz ing  corn  and s t o v e r .  We th ink  t h a t ' s  what ought t o  be looked 
i n t o .  

The b e n e f i t s  w e  could expect  would be  t h a t  you would be upgrading 
your s t o v e r .  You no longer  have t o  worry s o  much about whether i t ' s  $25 o r  
$36 p e r  ton i f  what you a r e  doing i s  making suga r s  ou t  of i t .  However, I 
should p o i n t  ou t  r i g h t  away t h a t  a s  soon a s  w e  have got  t hose  hydrolyzed 
suga r s  there, w e  have got  something t h a t  competes w i th  molasses t h a t ' s  worth 
$80 a  t on  and we may f i n d  t h a t  t h e  durned c a t t l e  and o t h e r  animals  s t a r t  t o  
e a t  t h e  s t u f f  up. But i t  does g ive  us  a  p r e t t y  good chance on g e t t i n g  some 
chemicals l i k e  e t h a n o l  more inexpens ive ly .  We do have some o t h e r  drawbacks 
h e r e  i n  that ,  a s  w e l l  a s  t h e  s imple s u g a r s w e  ge t  a  bunch of suga r s  t h a t  don ' t  
ferment t o  e t h y l  a l c o h o l  a l l  t h a t  w e l l  and w e  do g e t  some d i sacch r ides .  

W e l l ,  w i thout  going i n t o  a l l  of t h e  r e sea rch  needs i n  d e t a i l  h e r e ,  
some of  t h e  a r e a s  t h a t  would need t o  be  i n v e s t i g a t e d  a r e :  ( 1 )  which a c i d  
would we use (2 )  which b u f f e r  ( 3 )  what concen t r a t i on  of the  a c i d  would we 
use  ( 4 )  what temperature  would the  process  proceed a t  and (5 )  f o r  what 
amont of time (6)  what would be t h e  concen t r a t i on  of our feeds tock ,  and 
( 7 )  what p a r t s  of t h e  c o r n  s t o v e r  would we use ( 8 )  how fermentable  would 
our  end product  be and ( 9 )  how e d i b l e  a s  an animal feed? You can s e e  
t h a t  an ex t ens ive  amount of r e sea rch  i s  s t i l l  r equ i r ed .  

Another a r e a  t h a t  we f e e l  deserves  some r e sea rch  and development 
i s  producing s y n t h e t i c  n a t u r a l  gas  by anaerobic  fe rmenta t ion  of corn  r e s i -  

dues.  It would provide  a  moderate l e v e l  of energy product ion ,  bu t  would 
pos s ib ly  be q u i t e  low i n  c o s t .  W e  have a l r eady  s a i d  t h a t  s t o v e r  i s  low i n  
l i g n i n  and everybody who tr ies t o  do anaerobic  d i g e s t i o n s  keeps complaining 
about l i g n i n .  So s u r e l y  we should be  a b l e  t o  succeed i n  making s y n t h e t i c  
n a t u r a l  gas  from corn  r e s i d u e s  and t h a t  was what I thought  when w e  f i r s t  
wrote  one of our  d r a f t  r e p o r t s .  

I But when w e  looked i n t o  i t ,  w e  found t h a t  some of t h i s  work has  

been undertaken by Buswell, who i s  t h e  b e s t  of t h e  anaerobic  d i g e s t e r s .  But 
he could on ly  g e t  about  30% of t h e  t h e o r e t i c a l  y i e l d  of s y n t h e t i c  n a t u r a l  
gas  from c o r n s t a l k s  i n  15  days and he  l e f t  fe rmenta t ions  o r  anaerobic  d i -  
g e s t i o n s  go f o r  100 days without  them be ing  complete. 

But one of t h e  key t h i n g s  t h a t  Buswell d i d  no t  p roper ly  look a t  
was t h e  p a r t i c l e  s i z e  of t he ' co rn  r e s idue .  That i s ,  we have a  whole g r e a t  
b i g  monograph of h i s ,  and he worked a  g r e a t  d e a l  w i t h  shredded products  
bu t  no t  w i t h  f i n e  p a r t i c l e  s i z e s ,  and s o  he was probably encounter ing a  
d i f f u s i o n  problem. 



Now, we were p leased  t o  f i n d  r e c e n t l y  t h a t  t h e  Univers i ty  of 
Missour i  has  looked back i n t o  t h i s  area, bu t  they s t i l l  g e t  only about a  
h a l f  of t h e  product  consumed o r  maybe somewhat more than  h a l f  i n  40 days. 
So t h e r e  a r e  some funny t h i n g s  going on i n  he re  and i t  may be simply d i f -  

f u s i o n  o r  i t  may be some s t r a n g e  pentose,  metabolism o r  whatever. 

But a t  any r a t e ,  what we decided was t h a t  i f  n a t u r e  wants t o  leave  
t h e s e  f i b e r s  i n t a c t  l e t ' s  no t  argue wi th  her  too  much. Figure 2 shows a  
suggested d i g e s t i o n  process .  The i d e a  would be t o  b r ing  the  r e s i d u e . i n t o  
an anaerobic  d i g e s t e r  and count on t h e  f a c t  t h a t  i t ' s  t h e  f i n e  p a r t i c l e s  
of t h i s  m a t e r i a l  and no t  t h e  good f i b e r s  t h a t  are going t o  ferment f i r s t .  
So we make t h i s  a  s e p a r a t i o n s  d e a l  t h a t  may go around and about s e v e r a l  
t imes where we a r e  d i g e s t t n g  t h e  l e s s  s u i t a b l e  f i b r o u s  m a t e r i a l s  over i n t o  
SNG and carbon d iox ide  and what 's  l e f t  w e  hope w i l l  be  t h e  more r e s i s t a n t  
c e l l u l o s r i c  f i b e r s  t h a t  can  then  be  used f o r  paper making pulp. The undi- 
ges t ed  corn f i b e r s  do have bad l eng th  t o  diameter  r a t i o s .  We would be f e r -  
menting t h e  corn f i b e r s  t h a t  are s t i c k y  and hy h ~ i n g  ah19 to s e l l  our corn- 
s t a l k  pulp,  we would hope t o  wind up with  a s u b s t i t ~ i t . ~ .  nat i i ra l  gas prndi ict  
t h a t ' s  relatively economical. 

So, of cou r se ,  one needs t o  worry about t h e  s y n t h e t i c  n a t u r a l  gas 
y i e l d ,  i t s  composi t ion,  what ' s  t h e  pulp y i e l d  and what 's  i t s  q u a l i t y .  The 
u s u a l  n u t r i e n t  sou rces  a r e  from sewage and manure sources  and t h a t ' s  no t  
very  good news i f  you a r e  planning t o  make f i n e  grades of w r i t i n g  paper 
o u t  of t h i s .  C e r t a i n l y  you cou ldn ' t  make food board out  of t h i s .  So t h e r e  
a r e  some ques t ions  t h a t  need t o  be answered by research .  

T,~.t's ti irn nvr a t t e n t i o n  f o r  a few momentc t o  f u r f u r a l .  We f e e l  

t h a t  i n  o r d e r  t o  g e t  our  ammonia n i c e  and cheaply we have t o  do something 
w i t h  f u r f u r a l .  I t ' s  a  very  w e l l  understood product .  There have been thou- 
sands of papers  on i t .  I t ' s  r e a l l y  a  ques t ion  of g e t t i n g  t h e  c o s t  down and 
a s s u r i n g  a  r e l i a b l e  supply.  There a r e  many uses  f o r  f u r f u r a l  a t  which t h e  
c u r r e n t  p r i c e  i s  f avorab le .  These uses  i nc lude  nylon, t e t r ahydro fu ran ,  
pheno l i c  r e s i n  and male ic  anhydride. I n  t h e s e  fou r  a r e a s ,  t h e r e  is a  b i l l i o n  
o r  s o  pounds of market p o t e n t i a l  t o  go a f t e r .  But e s s e n t i a l l y  what one has 
t o  do is  t o  g e t  t h e  c o s t  down. One p o s s i b l c  way t o  lower t h e  c o s t  i s  by 
a  good a c e t i c  a c i d  recovery s o  t h a t  you g e t  more d o l l a r s  from each ton.  

We could a l s o  make f u r f u r a l  by beginning wi th  t h e  process  t h a t  we 
showed wi th  the  screw conveyor. A s  shown i n  F igu re  3 ,  we could g e t  the 
xy lose  and o t h e r  f i v e  carbon sugars  out  of a  l o t  of t h i s  raw m a t e r i a l s  f i r s t .  
By us ing  t h e  screw p r e s s  we could hope t o  make a  s e p a r a t i o n ,  g e t  t h e  pen- 
t o s e s  cheaper ,  g e t  t h e  f u r f u r a l  f a s t e r  and purer  and from t h e  xylose  and 
f i v e  carbon suga r s  g e t  e t h y l  a l coho l  a s  t h e  co-product. 

And, of cou r se ,  once one has t h a t  f u r f u r a l  r e s idue ,  one can then 
use  t h i s  r e s i d u e  t o  make ammonia o r  methanol o r ,  probably l e s s  l i k e l y ,  thermo-. 
chemical s y n t h e t i c  n a t u r a l  gas .  
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I would a l s o  l i k e  t o  mention t h e  a l c o h o l  f u e l  s i t u a t i o n  where 
g r e a t  p rogress  is  being made i n  B r a z i l  an4  a s  we can s e s  a  l o t  of exper ience  
i s  being gained i n  Nebraska, too.  Our own sugges t ion  i n  t h i s  i s  t h a t  i t  would 
be very  good t o  run what we c a l l  double b l i n d  experiments where n e i t h e r  t h e  
experimenter  nor  t h e  d r i v e r  knows when h e ' s  us ing  gasohol and when h e ' s  us ing  

t h e  c o n t r o l  m a t e r i a l .  The reason  t h i s  i s  important  i s  t h a t  t h e r e  has  been 
a  l o t  of cont roversy  on t h i s  and t h i s  i s  t h e  way t o  document t h e  5 o r  6% 
mileage i n c r e a s e  i f  t h a t ' s  what r e a l l y  a p p l i e s .  T h a t ' s  a l s o  t h e  way t o  keep 
t h e  members of t h e  American Petroleum I n s t i t u t e  and some of t h e  automobile 
companies from having t h e i r  d r i v e r s  tromp on t h e  a c c e l e r a t o r  a  few e x t r a  t imes 
a t  every s t o p  l i g h t ,  t hus  showing t h a t  t h e  mileage decreases  i n s t e a d  of in-  
c r e a s e s .  So f o r  yea r s  we have done work on va r ious  a d d i t i v e s  t o  c o f f e e  and 
we have always found t h a t  i t ' s  necessary  t o  run double b l i n d  experiments.  
Otherwise,  t h e  experimenter  t i p s  o f f  t h e  u s e r  a s  t o  what he should be doing 
o r  e l s e  t h e  u se r  g e t s  mad a t  t h e  experimenter  and f o u l s  up t h e  experiment on 
purpose. So t h i s  i s  our  sugges t ion ,  t h a t  ERDA should cons ider  very s t r o n g l y  
suppor t i ng  some double  b l i n d  experiments t o  document t h e  mileage change, be 
i t  p l u s  o r  minus. 

Now, s o  f a r  a s  a g r i c u l t u r a l  r e sea rch  and development i s  concerned, 
i f  we were going t o  go a f t e r  t h i s  s u b s t i t u t e  n a t u r a l  gas and f i b e r  market,  
i t  would c e r t a i n l y  be d e s i r a b l e  t o  grow a  s p e c i a l  s i l a g e  corn f o r  t h i s .  
So i t  would be p o s s i b l e  t o  t a i l o r  corn g e n e t i c a l l y  f o r  t h e s e  p a r t i c u l a r  
q u a l i t i e s .  I don ' t  t h i n k  I w i l l  mention h igh  o i l  corn h e r e  except  t o  men- 
t i o n  t h a t  i f  w e  had a  corn  w i th  18% o i l  a t  a  reasonable  c o s t ,  t h e  food 
i n d u s t r y  i s  going t o  grab  i t  away from us be fo re  w e  can use  i t  f o r  f u e l s  
anyway. 

I n  summary, I would l i k e  t o  say  t h a t  corn  a s  an energy crop does 

have some modest p rospec t s  and w e  should n e i t h e r  count on i t  t o  save  us nor 
should we w r i t e  i t  o f f  and s t a r t  looking f o r  t h i n g s  l i k e  g i a n t  r eeds  o r  
o t h e r  weird p l a n t s .  It has  i t s  r o l e  t o  p lay .  I t ' s  going t o  r e q u i r e ,  w e  
t h ink ,  some r e sea rch  be fo re  i t  can p lay  t h a t  r o l e  adequate ly .  W e  do be- 
l i e v e  t h a t  nonfue l  markets a r e  .going t o  have a  l o t  of impact on t h e  f u e l  
p rospec t s .  And e s s e n t i a l l y  t h a t  t h e  u l t i m a t e  b o t t l e n e c k  i s  t h e  c o s t  of 
t h e  c o r n s t o v e r .  That c o s t  has  a  l a r g e  psychologica l  component t o  i t .  I f  
t h e  man expec t s  t o  c o l l e c t  f o r  h i s  corn  s t o v e r  t h a t  he  sells t o  t h e  chemi- 
c a l  company t h e  same amount of va lue  t h a t  he  has  i n  l i v e s t o c k  product ion ,  
then  h e ' s  n o t  going t o ' s e l l  i t  a t  a l l .  He's going t o  s t and  t h e r e  and watch 
i t  r o t .  

We do f e e l  t h a t  t h e r e  a r e  a  l o t  of c rops  t h a t  a r e  u s e f u l  and a l -  
though t h i s  one has  been c l o s e  t o  opt imized,  agronomists of t h e  world should 
a r i s e  and u n i t e . t o  f i n d  c rops  t h a t  have t h e  f avo rab l e  c h a r a c t e r i s t i c s  of 
corn  wi thout  some of i t s  drawbacks. 
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I r e a l l y  d o n ' t  know what 1 ' m  doing up h e r e .  I c o u l d n ' t  b e l i e v e  
t h a t  Ed Lip insky  would i n v i t e  a  New J e r s e y  boy t o  Kansas t o  t e l l  you about  
Corn. The on ly  t h r n g  w e  know i n  New J e r s e y  about  c o r n  i s  t h a t  i f  you d o n ' t  
e a t  i t  30 seconds a f t e r  i t ' s  picked you may a s  w e l l  l e t  i t  r o t  and d r i n k  i t .  

So I s o r t  of came t o  t he  conc lus ion  t h a t  Ed had i n  mind t h a t  I 
t a l k  about something e l s e .  I was a f r a i d  t o  a sk  him what he wanted me t o  
t a l k  about f o r  f e a r  he would s ay  t a l k  about a n  hour and t h a t  would consume 
more t ime t h a n  eve ry th ing  I know. So l e t ' s  s e e  i f  w e  con s t a y  t o g e t h e r  
f o r  maybe a  h a l f  an  hour .  My job w i l l  be t o  t a l k ;  yours i s  t o  l i s t e n .  
I f  you f i n i s h  your job before  I f i n i s h  mine, j u s t  r a i s e  your hand. 

Let '  me t a l l  you what I have been hea r ing  today i n  t h e ' f o r n ~  of a  
l i t t l e  s t o r y .  I t  seems t h i s  l ady  showed up a t  a  d r y  goods s t o r e ,  emporium, 
and s h e  asked f o r  2 5  yards  of peach co lo red  c h i f f o n .  The young c l e r k  s a i d ,  
"Yes, Miss. May I a sk  you what i t ' s  f o r ? "  She s a i d ,  "Oh, yes .  I want t o  
make a  nightgown." She s a i d ,  "One?" Thc l ady  s a i d ,  "Yes, j u s t  one. you 
s e e ,  1 ' m  marrying a  s c i e n t i s t  and t h i s  i s  f o r  my t rous seau .  You know how 
s c i e n t i s t s  a r e .  They g e t  a. l o t  more fun  looking f o r  i t  than  they  do f i nd ing  
i t ,  because when they  f i n d  i t  they don ' t  know what t o  do w i t h  i t ." 

1 ' m  hea r ing  some of t h a t  today. I ' m  hea r ing  about  some of t h e  
fun  and games of  coun t ing  co rn  cobs and doing a  l o t  o f  i n t e r e s t i n g  compu- 
t a t i o n s ,  s p e c u l a t i n g  a  l o t .  What I ' m  no t  hea r ing  and what wor r i e s  me, 
and f r i g h t e n s  me, i s  I ' m  no t  hea r ing  about ou t  address ing  t h e  b i g  problem, 
t h e  energy problem.  hat's t h e  name of  t h e  game. The name of t h e  game is  
l e t ' s  so lve  t h e  energy  problem. 1 t ' s  n o t . l e t l s  s e l l  co rn ,  i t ' s  not  l e t ' s  
g e t  g r a n t s ,  i t ' s  not  l e t ' s  keep our  jobs a t  t h e  u n i v e r s i t i e s .  What I would 
l i k e  t o  add re s s  your a t t e n t i o n  t o  i s  t h i s  v a s t  concept  of  our  energy problem 
and I pre face  t h i s  by say ing  you d o n ' t  s t a r t  v a s t  p r o j e c t s  w i th  h a l f  v a s t  
i d e a s .  

I put  t h i s  s o r t  of t h i n g  t o  Betsy Andrew Johnson no t  long ago a t  
an American Chemical Soc i e ty  meet ing.  She had g o t t e n  up and she  was decryirg 
t h e  f a c t  t h a t  t h e  p r o d u c t i v i t y  of  Americans was growing a t  a  s lower r a t e  
t han  t h e  p r o d u c t i v i t y  of  t h e  Japanese,  Germans, French, and t h a t  t h i s  r e a l l y  
was t h e  j u s t i f i c a t i o n  f o r  our  doing more' r e sea rch .  And I r o s e  and I pointed 
o u t  t o  D r .  Andrew Johnson t h a t  i t  r e a l l y  d i d n ' t ,  concern me ve ry  much t h a t  my 
6-year-old was growing a t  a  f a s t e r  r a t e  t h a t  I was. She s a i d ,  "YOU mean t o  
s a y  Japan i s  an underdeveloped count ry?"  Well,  i n  c e r t a i n  c a s e s  t hey  a r e .  
And I went on t o  a sk  h e r  what she  thought  t h e  r e sea rch  expendi ture  of t h e  



government was g o i ~ g  t o  be t o  do something about  a l l  t h i s .  I' s a i d ,  "what 
do you t h i n k  would happen i f  t h e  . f e d e r a l  government s topped  spend ing  money 
on r e s e a r c h  a l t o g e t h e r ? "  And t h i s  r e a l l y  rocked h e r  and h e r  answer was, 
"Why, do you know how many p r o f e s s o r s  t h e r e  would be w i t h o u t  jobs?"  Then 
s h e  r e a l i z e d  t h a t  d i d n ' t  sound s o  good. She s a i d ,   he American p u b l i c  
would never  s t a n d  s t i l l  f o r  our  s t o p p i n g  r e s e a r c h  on t r a n s p o r t a t i o n . "  A t  
t h i s  p o i n t  s h e  thought  b e t t e r  o f  s a y i n g  a n y t h i n g  e l s e  and d i d n ' t .  

The p o i n t  i s  we a r e  n o t  runn ing  a  make-work p r o j e c t  f o r  p r o f e s s o r s  
and n o n p r o f i t  o r g a n i z a t i o n s .  We a r e  no t  j u s t  producing numbers. Hopefu l ly  
we a r e  s o l v i n g  a  problem. You know .what t h e  problem i s .  

The most r e c e n t  comment I h e a r d  on i t  was former Ambassador N o l t e ,  
ambassador t o  Egypt from t h e  Uni ted S t a t e s ,  who s a i d ,  "By 1980 t h e  U.S. w i l l  
import  h a l f  o f  i t s  o i l  and h a l f  of t h a t  i s  going t o  come from t h e  Saud is . "  
He went on t o  p o i n t  o u t  t h a t  t h e  Saud is  a l r e a d y  have a  s u r p l u s  o f  $53 b i l l i o n .  
Now, what c o u l d  t h e y  buy i n  t h e  Uni ted S t a t e s  w i t h  $53 b i l l i o n ,  which r e p r e -  
s e n t s  something more t h a n  10% o f  t h e  annua l  f e d e r a l  budget?  And t h a t ,  l a d i e s  
and gent lemen,  s c a r e s  t h e  d a y l i g h t s  o u t  o f  me. I f  t h i s  c o u n t r y  i s  supposed 
t o  c o n t i n u e  beins  independen t ,  i t ' s  going t o  have t o  be independen t .  

So I would l i k e  t o  s h a r e  w i t h  you some thoughts  a s  t o  how we might 
approach t h a t  and t h e r e  may be v e r y  l i t t l e  c o r n  i n  t h e  argument,  f o r  which 
I apnl  ng i ze .  T t  r e a l l y  i s n ' t  f a i r ,  hav ing  had my lunch bought f o r  me, t o  
c r i t i c i z e  my h o s t s ,  b u t  I f e a r  a s  a  p r o f e s s i o n a l  I have t o  t e l l  my c l i e n t  
what needs t o  know whether  my c l i e n t s  wants  t o  know it o r  n o t .  

We h e a r d  something t h e  o t h e r  day  abou t  t h e  p o s s i b l e  s o l u t i o n  t o  
t h i s ,  mentioned by M r .  Kimbal l ,  u n d e r l i n e d  by M r .  Sos land ,  t h a t  perhaps  
t h e  t h i n g  t o  do would be t o  f o r g e t  t h e  energy  b u s i n e s s  a l t o g e t h e r  because  
food comes b e f o r e  energy  and human needs .  So we w i l l  become t h e  b read-  
b a s k e t  o f  t h e  world  and i n  t h a t  p o s i t i o n  we w i l l  t h e n  c o n t r o l  our  s o u r c e  o f  
energy  by c o n t r o l l i n g  t h e  food s u p p l y .  Wel l ,  I d o n ' t  l i k e  t h a t .  I d o n ' t  
l i k e  t h a t  because  we a r e  f o r c i n g  on o t h e r  people  what we d o n ' t  want f o r c e d  
upon us  and t h e r e  i s  a n  o l d  law t h a t  s a y s  t h a t  you d o n ' t  do t h a t .  

So I t h i n k  we have g o t  t o  s o l v e  o u r  own energy  problem and l i k e  
t h e  s o l v i n g  o f  any problem, I t h i n k  r e a l l y  what we have g o t  t o  t r y  t o  do i t  
b r i n g  t o g e t h e r  a  t h i n g  c a l l e d  a  marke t ,  a  need,  and a  t h i n g  o v e r  h e r e  c a l l e d  

a r e s o u r c e .  We have t o  b r i n g  them t o g e t h e r  s o  t h a t  t h e  r e s o u r c e  f i l l s  t h e  
need.  Th is  is d i f f e r e n t  from a w a s t e  d i s p o s a l  problem where I have a r e -  
s o u r c e  I ' m  t r y i n g  t o  g e t  r i d  o f .  Market;  need.  

The market  I t h i n k  we a r e  p r e t t y  c l e a r  on.  The market i s  l e t ' s  make 
energy .  And I d o n ' t  c a r e  how we make i t .  I d o n ' t  c a r e  whe ther  we make i t  

from c o r n  o r  cabbages  o r  r o o f t o p s  o r  r e d  p i n e s  o r  r u t a b a g a s .  I u n d e r s t a n d  



t h e r e  a r e  some guys even  t r y i n g  t o  make energy  o u t  o f  cow manure and t h a t ,  
i n c i d e n t a l l y ,  i s  a n  i n t e r e s t i n g  s w i t c h .  Probably  one o f  t h e  e a r l i e s t  ad- 
v o c a t e s  o f  s o l a r  e n e r g y  a s  a  t echnology  was J .  F a r r i n g t o n  D a n i e l s  o u t  of 
t h e  U n i v e r s i t y  o f  Wiscons in ,  who i s  a  p h y s i c a l  c h e m i s t .  About t h e  o n l y  
peop le  who would l i s t e n  t o  him were some do-gooders a t  t h e  Uni ted Nat ions .  
These people  a t  t h e  U . N .  were  w o r r i e d  abou t  t h e  f a c t  t h a t  t h e  I n d i a n  house-  
w i f e  i n  I n d i a  was b u r n i n g  cow dung i n s t e a d  of plowing i t  back i n t o  t h e  
f i e l d s  and t h e i r  f i e l d s  w e r e n ' t  f e r t i l e .  We had t o  g i v e  t h e  I n d i a n  house- 
w i f e  a n  a l t e r n a t i v e  t o  burn ing  t h e  dung o f  c a t t l e  and t h a t  a l t e r n a t i v e ,  
o b v i o u s l y ,  was a s o l a r  cooker .  The U.N.  s p e n t  a  good d e a l  of t ime  and came 
up w i t h  a  v e r y  n i c e  s o p h i s t i c a t e d  l i t t l e  s o l a r  c o o k e r .  Except t h e  ~ n d i a n  
housewife  was hav ing  none o f  i t .  

A  l o t  o f  peop le  seemed t o  th ink  that t h i s  was because  t h e  I n d i a  
housewife  was n o t  a b o u t  t o  t a k e  t h e  second b e s t .  I f  s h e  was going t o  have 
a  s t o v e ,  i t  was go ing  t o  he a  GE e l e c t r i c  w i t h  a  s e l f - c l e a n i n g  oven. But 
i t  t u r n s  o u t  t h a t  r e a l l y  w a s n ' t  what was i.nvolve,d. What wao invo lved  was a 
f a i l u r e  o f  us  t o  r e c o g n i z e  t h e  c h a r a c t e r i s t i c s  o f  t h e  market .  When you are 
i n  3 h o t  c o u n t r y  and you work v e r y  h a r d  and i t  comes t ime f o r  d i n n e r ,  you 
g e n e r a l l y  have d i n n e r  a f t e r  t h e  s u n  has  cone down and t h e  s o l a r  cooker  
i s n ' t  much good. 

Now, I ment ion t h i s  l i t t l e  a l l e g o r i c a l  t h i n g  o f  going from cow man- 
u r e  t o  s o l a r  e n e r g y  back t o  cow manure t o  show you t h a t  t h e  Inore t h i n g s  
change t h e  more t h e y  remain t h e  same, b u t  a l s o  t o  c a l l  your a t t e n t i o n  t o  
t h i s  b u s i n e s s  of u n d e r s t a n d i n g  your  marke t .  

I was much imprcsoed w i t h  t h e  work being done by The Andersons.  
They a r e  n o t  s e l l i n g  c o r n  c o b s .  They a r e  s e r v i n g  m a r k e t s .  And I would be 
w i l l i n g  t o  b e t  t h a t  p robab ly  one o f  t h e  h i g h e s t  c o s t  i t e m s  i n  t h e i r  budget 
is a  t h i n g  c a l l e d  " t e c h  s e r v i c e . "  J 

So we have g o t  t h a t  market  o u t  t h e r e .  And now we have g o t  t h i s  re- 
s o u r c e  and t h e  r e s o u r c e  I have r e f e r e n c e  t o ,  o f  c o u r s e ,  i s  t h e  sun .  Now, 
t h e r e  i s  n o t h i n g  new about  t h e  sun .  I c a l l  t o  your a t t e n t i o n  t h e  f a c t  t h a t  
e v e r y  b i t  o f  e n e r g y ,  w i t h  j u s t  some minor e x c e p t i o n s ,  produced and used on 
t h e  f a c e  o f  t h i s  p a r t i c u l a r  p l a n e t ,  up u n t i l  Alamogordo, came from t h e  sun .  
Petroleum i s  s o l a r  e n e r g y ,  c o a l  i s  s o l a r  energy ,  n a t u r a l  gas  i s  s o l a r  e n e r g y .  
It happens t o  be f i x e d  e n e r g y ,  i t  happens t o  be o u r  c a p i t a l ,  t h e  b i g  bank 
account  i n  t h e  ground t h a t  was t h e  l e g a c y  we i n h e r i t e d .  It t o o k  a  long 
t i m e  f o r  t h e  e a r t h  t o  a c q u i r e  t h a t  c a p i t a l  and we have blown i t  v e r y  r a p i d l y .  
There  a i n ' t  go ing  t o  b e  no more. It t a k e s  t o o  l o n g  t o  produce.  And any- 
body t h a t  t h i n k s  v e r y  h a r d  knows a b o u t  t h e  hazard  of l i v i n g  o f f  o f  c a p i t a l  
and' y e t  we have been do ing  i t .  W e  have been do ing  i t  f o r  a long  t i m e .  



Well,  t he  s a l v a t i o n ,  of course ,  was supposed t o  be nuc lea r  power, 
b u t  i t  tu rns  out  t h a t  t h a t  bank accounts  l i m i t e d  too,  because t h a t ' s  c a p i t a l .  
There i s  only s o  much uranium i n  recoverable  form. I t ' s  a  temporary f i x  and 
i t ' s  got  some nega t ive  a s p e c t s  t o  i t .  I ' m  not  about  t o  assume r e s p o n s i b i l i t y  
f o r  leav ing  a  legacy around f o r  25,000 years  t h a t  God d i d n ' t  s ee  f i t  t o  pu t  
he re  and I am making r e fe rence  t o  plutonium, of course ,  

So what I th ink  we have got  t o  do i s  address  ourse lves  t o  t he  b i g  
problem. Energy, f o r  those of you t h a t  have fo rgo t t en ,  i s  the  a b i l i t y  t o  
do work and when we l o s e  t h a t  we have l o s t  everything.  And the  p lace  you 
a r e  going t o  f i n d  energy i s  c u r r e n t  income from t h e  sun. 

I n c i d e n t a l l y ,  you have a l l  heard about the boys t h a t  a r e  going i n  
t he  fus ion  bus iness ,  t he  fus ion  r e a c t o r .  Thei r  problem, of course ,  i s  t h a t  
they have a  problem of containment. They c a n ' t  f i nd  a  pot t o  hold t h i s  th ing  
i n  because i t ' s  t oo  ho t .  And s o  much of the  c u r r e n t  th inking  now has t o  do 
w i t h  c r e a t i o n  of a  weight less  environment, which would d e a l  with a  l o t  of 
magnetic f i e l d s  and s o  f o r t h ,  which would consume ever  s o  s l i g h t l y  more 
energy than i t  produced. O r  e l s e  t h e r e  is  the  o t h e r  i dea  t o  s e t  the  th ing  up 
and shoot  i t  out i n t o  space,  and you w i l l  now have t h i s  fu s ion  r e a c t o r  ou t  
i n  space. 

We might j u s t  a s  w e l l  c a l l  i t  t h e  sun because t h a t  i s  what i t  i s .  
We have g n t  a fu s ion  r e a c t o r  out ' there .  I t  has go t  a  wonderful launch stream 
record ,  h a s n ' t  had any l abo r  problems l a t e l y ,  doesn ' t  cor rode ,  and we d o n ' t  
have t o  w r i t e  an environmental impact s ta tement  about  i t .  

So l e t ' s  ag ree  t h a t  our market i s  the a b i l i t y  t o  do work, energy, 
and our resource  i s  the sun and our job i s  t o  t r y  t o  b r ing  these  two th ings  
toge ther .  This i s  no th ing  new. This  i s  the  way technology i s  always used. 

What's technology? Well, some of you out  t h e r e  may remember having 
seen a  th ing  t h a t  used t o  be c a l l e d  a  c o r s e t .  I t  looked something l i k e  shoes 
t h a t  used t o  l a c e  and those of you t h a t -  d o n ' t  remember- c o r s e t s  and shoes maybe 
can  th ink  about  what a  f o o t b a l l  looks l i k e .  But what you have go t  a r e  two 
ha lves  of t h i s  t h ing  t h a t  a r e  t r y i n g  t o  p u l l  each o t h e r  a p a r t  and you a r e  
p u t t i n g  a  l a c e  back and f o r t h ,  back and f o r t h ,  between the  market and the  
resource ,  t o  p u l l  them back toge ther  aga in .  Okay. That l a c e  i s  technology. 
There i s  a  l i t t l e  b i t  of sc ience  involved i n  t he  l ace .  There a r e  a  l o t  of 
u ther  kinds of t h ings  involved i n  t h e  l a c e  t h a t  a r e  necessary  t o  p u l l  t h i s  
t h ing  toge the r  around t h i s  r e a l  f a t  lady. And t h i s  r e a l  f a t  l ady ,  of course ,  
i s  s o c i e t y ,  who i s  e x e r t i n g  a  r e s i s t a n c e  t o  our  b r ing ing  toge the r  t he  r e -  
source and market. 

And s o  what I would l i k e  t o  suggest  we do i s  poss ib ly  look t o  s ee  
how we a r e  going t o  p u l l  t h i s  t h ing  toge ther .  I th ink  you can s e e  the  f a l l a c y  



of  t r y i n g  t o  l a c e  up a  c o r s e t  i f  you o n l y  put t h e  l a c e s  through t h e  one s i d e ,  
t h a t  i s  t o  say  i f  a l l  you do i s  look a t  t h e  co rn .  I t h i n k  you can  a l s o  s e e  
t h e  f a l l a c y  of  t r y i n g  t o  put t he  resource  and the  market t o g e t h e r  i f  your 
l a c e  i s  made ou t  of nothing but  .some good i d e a s  and some good i n t e n t i o n s .  

So w e  have g o t  sun and around h e r e  I guess we measure t h a t  i n  
t e r m s  of land a r e a ,  t h a t ' s  t h e  c o l l e c t o r  f o r  t h e  sun. Some people have 
t a l k e d  about p u t t i n g  a  s a t e l l i t e  ou t  i.n space ,  a synchronous s a r e l l l t e  t o  
c o l l e c t  t h e  sunshine ,  conve r t  it t o  microwaves and beam t h a t  back. I po in t  
o u t  t h a t  t a k e s  a  f a i r  amount of land too ,  because you need an  antenna t o  
c o l l e c t  those  microwaves and i f  t h e  t h i n g  g e t s  a  l i t t l e  b i t  ou t  of sync,  
you can  f r y  a  whole town. So you have g o t  t o  have a  p r e t t y  b i g  land a r e a  
even f o r  a  s o l a r  s a t e l l i t e .  

So ~4 are r a n l l y  t a l k i n g . a b o u t  a  r e sou rce  c a l l e d  land ,  which t o  
farmers  is  no th ing  new. A s  a  m a t t e r  of fac.t ,  I t h i n k  i t ' s  a very  i n t e r e s t -  
i n g  concept  and i f  1 ' m  i n t r i g u i n g  any of you t~ want t n  pissue any of t h i o  
f u r t h e r ,  you would be i n t e r e s t e d  i n  hea r ing  about  Henry George. Elany people 
c a l l  him t h e  f i r s t  American economict.  l I e n ~ y  George began enunc ia t i ng  some 
concepts  of economics j u s t  a  hundred yea r s  ago immediately fo l lowing  t h e  
g r e a t  dep re s s ion  of  1873-78. And a t  t h i s  t i m e  w e  wcre a l s o  lookirig a t  t h e  
land aga in .  And George made t h e  p o i n t  t h a t  economics i s  t h e  a l l o c a t i o n  of  
s c a r c e  r e sou rces .  You use  t h e  land t h a t ' s  most a c c e s s i b l e ,  t h e  land t h a t  
w i l l  do t h e  t h i n g  you want i t  t o  do f i r s t  and when you have run  out  of  t h a t  
l and  you use o t h e r  land.  

And r i g h t  h e r e  I would lilcc t o  j u s t  s t o p  and comment on what t h e  
p re s s  has  done about  t h i s  cnnfcrence .  Thocc of you t h a t  I laven ' t  seen i t ,  i t ' s  
i n  t h i s  morning 's  Kansas C i t y  paper .  B a s i c a l l y  what t h e  p re s s  heard and now 
what t h e  pub l i c  h e a r s  i s  t h a t  t h e r e  i s  a  head-on c o n f l i c t  between t h e  prn- 
d u c t i o n  of food and t h e  product ion  of  energy.  1 ' m  a f r a i d  t h e r e  was some of 
t h a t  coming through yes t e rday .  But Georgian economics says  t h a t  d o e s n ' t  
n e c e s s a r i l y  havc t o  be t r u e .  I quote  from one of our speakers  t h i s  morn- 
i ng .  The c h a r a c t c r i s t i c s  nf l a r d  t o  grow co rn ,  l e v e l ,  g e n t l y  r o l l i n g ,  
medium t e x t u r e ,  f avo rab l e  tempera tures ,  adequate  r a i n f a l l ,  h igh  mois ture  
ho ld ing  c a p a c i t y .  T h a t ' s  not  marg ina l  l and .   hat's l i k e  it says  on t h e  
back of every  one of  t h e  seed packages t h a t  I buy. They a l l  want m e  t o  
have good, f e r t i l e ,  w e l l  d r a ined  l and .  I haven ' t  go t  any of t h a t  s t u f f ,  
t h a t ' s  why I am growing f lowers .  

But you can  grow t r e e s  on s l o p e s ,  you can grow reeds  i n  land t h a t  
even a  F lo r ida  r e a l  e s t a t e  deve loper  c o u l d n ' t  se l l  because i t ' s  under t h a t  
iiiuch wa te r ,  you can  grow t h i n g s  where t h e  s o i l  i s  p r e t t y  d ry .  I understand 
mesqui te  i s  a n  epidemic i n  p a r t  of t h e  coun t ry  and you can  burn t h a t ,  you 
can  d i g e s t  t h a t .  So we a r e  not  n e c e s s a r i l y  s ay ing  w e  a r e  going t o  have t o  
t a k e  t h i s  land out  of p roduct ion  any more t han  w e  say  you a r e  going t o  have 
t o  chase  t h e  c a t t l e  o f f  because we want t o  g raze  t h e  sheep o r  you c a n ' t  



put  your c o r n f i e l d  he re  because we a r e  going t o  put up a  r e a l  e s t a t e  develop- 
ment. I mean t h i s  i s  not  a  new t h i n g .  This i s  an  o r d e r l y  progress ion  of 
t h e  economics of t h e  United S t a t e s  and i t ' s  j u s t  a  m a t t e r  of our a l l o c a t i n g  
our  resources .  

I f  you want t o  know more about  Henry George, even though i t ' s  
a  hundred years  o l d ,  t h e r e ' s  a  Henry George School and a  Henry George 
I n s t i t u t e  i n  New York. The Henry George I n s t i t u t e  w i l l  f o r  f r e e  c a r r y  on 
a  correspondence course  w i t h  you based on Henry George's w r i t i n g  and i t ' s  
a  l o t  of fun.  A l l  you do i s  w r i t e  t o  Henry George I n s t i t u t e  i n  New York 
and t e l l  them you would l i k e  t o  p a r t i c i p a t e  and they  w i l l  s e l l  you t h e  
book f o r  about $8 and you have a  correspondence course .  I f  you a r e  i n  
New York you can drop i n  a t  t h e  Henry George School and t a k e  a  qu ick  s h o r t  
cou r se  i n  economics. 1 t ' s  s imple.  Even I rgn  understand i t .  

A t  any r a t e ,  t h a t ' s  our  resource ,  t h a t ' s  our  market .  L e t ' s  look 
a  l i t t l e  b i t  a t  our technology.  

Well ,  we recognize  t h a t  w e  can conver t  s o l i d s  t o  gases  and gases  
t o  l i q u i d s  and we recognize  t h a t  sometimes you want a  gas and sometimes you 
want a  s o l i d .  See, t h e  reason  t h a t  w e  a r e  conve r t i ng  c o a l  t o  gas is  not  
because w e  d o n ' t  know how t o  burn c o a l .  Rut why a r e  w e  conve r t i ng  c o a l  t o  
gas?  We des t royed  our r a i l r o a d s .  We have no way t o  hau l  t h e  c o a l  around 
except  t o  pump it i n  a  p i p e l i n e  t h a t  a l r e a d y  e x i s t s .  These a r e  technolo-  
g l c a l  concepts .  These a r e  t h e  t h i n g s  t h a t  t end  t o  p u l l  t h e  resource  and 
t h e  need t o g e t h e r .  

L e t ' s  t a l k  a  l i t t l e  b i t  about t h e  r e s t r a i n s t ,  t h e  f a t  l ady  t h a t  
w e  a r e  t r y i n g  t o  put i n t o  t h i s  c o r s e t .  Well, we have t h a t  wonderful group 
of t h i n g s  c a l l e d  thermodynamics. When I used t o  i n t e rv i ew  k i d s  f o r  jobs I 
would always ask them, "What d i d  you l e a r n  i n  thermodynamics?" And they  
would l i s t  a l l  of t h e  Maxwellian equa t ions  and a l l  t h e  good i n t e g r a t i o n  
s t u f f  t hey  had learned  and s t u f f .  And I would s ay ,  " ~ u t  what d i d  you r e a l l y  
l ea rn?"  The ones I h i r e d  were t h e  ones who s a i d  thermodynamics t e l l s  you 
what i s  p o s s i b l e .  

T h a t ' s  r e a l l y  what i t ' s  a l l  about ,  what i s  p o s s i b l e .  And w e  have 
go t  t o  l i v e  w i t h  t h a t .  We have go t  t o  l i v e  w i t h  t h e  f a c t  t h a t  h e a t  does 
no t  flow from a  c o l d  body t o  a  ho t  body. W e  have g o t  t o  l i v e  w i t h  t h e  f a c t  
t h a t  every  t ime w e  undertake an  energy t r ans fo rma t ion  something i s  l o s t  
and gone f o r e v e r .  W e  have g o t  t o  l i v e  w i t h  t h e  f a c t  t h a t  na tu re  tends  tu 
a  s t a t e  of maximum confus ion ,  which i s  en t ropy .  W e  have go t  t o  l e a r n  t o  
l i v e  wi.th t h e  f a c t  t h a t  i f  w e  want t o  r e a l l y  b o i l  t h e  d a y l i g h t s  ou t  o f  
something wi th  a  r e a l  h o t  flame under  a  pot o f  water  a t  100°,  we a r e  going 
t o  be was t ing  a  l o t  more s t u f f  t han  i f  we warm i t  up s lowly ,  use  a  sma l l  
temperature  d i f f e r e n t i a l ,  use  a  g r e a t  b i g  h e a t  exchanger and a  smal l  



t empera ture  drop .  I f  we do t h i n g s  s lowly ,  t h e  l o s s  of energy i s  l e a s t .  
~ u t  who c.an a f f o r d  t o  pay f o r  t h e  b i g  h e a t  exchanger? The same jokers  
t h a t  blew t h e  c a p i t a l  t h a t  was i n  t h e  ground, now w e  have go t  t o  put some 
of t h a t  c a p i t a l .  back, w e  have got  t o  i n v e s t  t o  make up f o r  what w e  have 
blown i n  t h e  p a s t .  

There i s  ano the r  group of r e s t r a i n t s .  I c a l l  them psycho-social  
r e s t r a i n t s .  They a t e  rke t h i u g s  t h a t  make u3 do cuoh i n t e l l i g e n t  t h i n g s  
a s  s e t  our a i r  c o n d i t i o n e r  i n  t h e  summer a t  6 5  and r a i s e  14 k inds  of h e l l  
when M r .  C a r t e r  s ays  i n  t h e  w in t e r t ime  s e t  your thermosta t  a t  6 5  because 
w e  would r a t h e r  have it a t  80.  But when t h e  tempera ture  o u t s i d e  i s  a t  80 
it i s  t o o  h o t ;  t h a t ' s  why w e  s e t  our  thermosta t s  a t  6 5 .  ~ t ' s  why w e  d rag  
around a  t o n  and a  h a l f  of  s t e e l  t o  t ake  a  100-lb g i r l  t o  t h e  supermarket 
where S ~ P  lnnks f o r  d i e t e t i c  food because s h e ' s  no t  g e t t i n g  any e x e r c i s e  
and when she  g e t s  home and pu t s  t h e  c a r  l t i  rhe garage s l ~ e  p u t s  on h c ~  
jogging s u i t  and she  does jogging, bu t  Lord h e l p  h e r  i f  she t r i e d  t o  walk 
t o  t h e  supermarket and back. 

, We have t h e s e  wonderful houses t h a t  we b u i l t  l a t e l y .  Remember t h e  
way w e  used t o  b u i l d  t h e  houses back i n  t h e  days when we wanted t o  keep 
t h e  e n v i r o n m e ~ t  o u t ?  They had t h i c k  w a l l s  and l i t t l e  narrow windows. Now 
we have got  t h i n  w a l l s  and l a r g e  windows and w e  b r ing  t h e  outdoors  i n  and 
put  t h e  swimming pool i n  t h e  l i v i n g  room and then  wonder why i t ' s  c o s t i n g  
s o  much t o  h e a t  t h e  darned t h i n g .  

What do we i n s u l a t e  our g r e a t  b i g  h igh  r i s e  bu i ld ing  w i t h ?  Shee ts  
of  g l a s s .   hat's b r i g h t ,  i s n ' t  i t?  Look a t  t h e  way they  i n s u l a t e d  a ca -  
t h e d r a l .  Did you e v e r  n6tFce r a d i a ~ u i s  i n  a cathedral? An a i r  cond i t i on ing  
s y s t e n ?  You probably never weuL I L L L O  a cathedral  that:  tra6 tclri  I I I I I  1-11.  t o o  
c o l d .  We have changed our way of  t h ink ing .  New w e  want t h e  o u t s i d e  i n s i d e  
i n s t e a d  of t h e  o u t s i d e  o u t s i d e  where it belongs.  

A l l  t h a t ' s  g o t  t o  be changed.   his lady has  go t  t o  80 on a  d i r t  
o r  w e  a r e  never  going t o  g e t  che resource Lack t o  t h e  marlcct. 

Now l e t ' s  go back aga in .  See, t h i s  i s  t h e  way i t  works and t h i s  
i s  one of t h e  p o i n t s  1 ' m  t r y i n g  t o  i l l u s t r a t e .  I t ' s  a  back and f o r t h ,  back 
and f o r t h .  You look a t  t h e  r e s i s t a n c e ,  you look a t  t h e  marker,  you look 
a t  t h e  r e sou rce ,  you look a t  t h e  r e s i s t a n c e ,  back and f o r t h ,  j u s t  l i k e  a  
l a c e .  

Okay, l e t ' s  look a t  t h a t  market.  Why a r e  w e  t r y i n g  t o  make a l co -  
h o l  ou t  of  c o r n  cobs?  Well, because you c a n ' t  pour c o r n  cobs i n t o  a  f a r -  
mer ' s  t r a c t o r .  Okay. And t h e  t r a c t o r  i s  a  b i g  energy consumer. Well ,  
what does t h e  t > a c t o r  do? Well,  a  t r a c t o r  imparts  energy t o  t he  s o i l .  I 
mean t h a t ' s  r e a l l y  a l l  a  t r a c t o r  does,  t akes  energy out  of t h e  a l c o h o l  o r  
t h e  d i e s e l  f u e l  and puts  it i n  t h e  s o i l .  Is t h e r e  a  b e t t e r  way t o  put 



e n e r g y  i n t o  t h e  s o i l ?  I mean i f  you i n s i s t  on growing c o r n  you a r e  go ing  
t o  have t o  do  such  t h i n g s  a s  plow and c u l t i v a t e  a n d ' h a r r o w  and wha tever  
t h e  o t h e r  words a r e  t h a t  I d o n ' t  u n d e r s t a n d ,  bu t  i f  you grow t r e e s  on a  
rocky s l o p e  you c o u l d n ' t  plow i t  i f  you had t o .  I f  you grow a  p e r e n n i a l  
c r o p  you d o n ' t  have t o  do q u i t e  s o  much o f  t h a t .  Th i s  i s  t h e  unders tand-  
i n g  o f  t h e  marke t ,  t h e  s o l a r  s t o v e  t h a t  you u s e  a t  n i g h t .  

There  a r e  o t h e r  i n t e r e s t i n g  t h i n g s  l i k e  t h a t  t h a t  c o u l d  b e a r  
c l o s e r  examina t ion .  I f  you p u t  t h i s  s t u f f  on t h e  back o f  a  t r u c k  and took  
i t  down t h e  road  a t  60 m i l e s  a n  hour  i t  would blow a l l  o v e r  t h e  r o a d ,  s o  . 
how i n  t h e  world  a r e  you go ing  t o  g e t  i t  from h e r e  t o  t h e r e ?  And how a r e  
you go ing  t o  g e t  i t  d r y ?  Wel l ,  t h e  o l d  law, i f  you c a n ' t  b e a t  'em j o i n  'ern. 
I wonder i f  anybody h a s  t h o u g h t  y e t  abou t  t h e  i d e a  of  a  s l u r r y  p i p e l i n e  t o  
c a r r y  c o r n  E t o v e r  o r  wheat  s t r a w ?  S l u r r y  p i p e l i n e .  They a r e  u s i n g  i t  f o r  
c o a l ,  t h e y  a r e  u s i n g  i t  f o r  o r e .  The s t u f f  i s  p r e t t y  wet t o  b e g i n  w i t h  s o  
you c a n ' t  make i t  any w e t t e r  and when you g e t  i t  where you want t o  you d r y  
i t  t h e n .  Yes, bu t  t h e  s t u f f  might r o t  because  i t ' s  l y i n g  i n  t h a t  long  p i p e -  
l i n e  f o r  h o u r s  and h o u r s .  Wel l ,  now, t h e r e  i s  a n  i n t e r e s t i n g  t h o u g h t .  I f  
i t  r o t s  and i t ' s  a n a e r o b i c ,  w e  may pu t  c o r n  i n  one end o f  t h e  p i p e l i n e  and 
o u t  of  t h e  o t h e r  end w i l l  come you know wha t .  T h i s  i s  a n  u n d e r s t a n d i n g  
o f  t h e  marke t .  I t ' s  t h e  t y i n g  t o g e t h e r  o f  t h e  market  and t h e  t echno logy .  

And i t ' s  t h e  t h i n g  t h a t  j u s t  c a n ' t  t a k e  a  monomanical view. I ' m  
a  c o r n  farmer  and t h a t ' s  a l l  I want t o  know a b o u t ,  my f a t h e r  was a  c o r n  f a r -  
mer b e f o r e  me. O r  I am a  p h y s i c a l  c h e m i s t  and we d o n ' t  g e t  o u r  hands  d i r t y  
w i t h  t h i n g s  t h a t  a r e  o r g a n i c .  I used t o  be i n  t h e  egg b u s i n e s s  w i t h  S t a u f f e r  
Chemical and I went o u t  one day  w i t h  some of  t h e  f i e ldmen  t o  s e e  how it was 
r e a l l y  done i n  t h e  market  because  I was a  r e s e a r c h  t y p e .  The farms i n  t h i s  
p a r t i c u l a r  a r e a  were  b e a u t i f u l  e x c e p t  f o r  one.  I mean i t  was s a d .  Every- 
t h i n g  a b o u t  i t  was s a d .  And we d r o v e  i n t o  t h i s  farm and s a i d ,  "We have 
come from S t a u f f e r  Chemical  Company,''   hat's a l l  w e  had t o  s a y .  "Don't  
u s e  a n y  c h e m i c a l s ;  a n  o r g a n i c  farm." We s a i d ,  "Well, t h a t  e x p l a i n s  a  l o t .  
Is t h e r e  a n y  way w e  c a n  h e l p  you?" "Don't  need any  h e l p . "  "Wel l ,  okay.  
We t r i e d .  I f  e v e r  we c a n  h e l p ,  we w i l l  l e a v e  a  c a r d  w i t h  you." Got back 
i n  t h e  c a r .  He looked a t  t h e  c a r d .  He s a i d ,  'Vha t  k i n d  of c h e m i c a l s  do  
you f e l l o w s  s e l l ? "  And I g o t  t h e  b r i g h t  i d e a  o f  s a y i n g ,  "We s e l l  o r g a n i c  
c h e m i c a l s ,  s i r . "  "Wel.1, come i n  and s i t  down, s o n . "  

Too o f t e n  i t ' s  what we c a l l  o u r s e l v e s .  I t ' s  how we s e e  o u r s e l v e s .  
I t h i n k  i t ' s  i m p o r t a n t  t o  remember t h a t  r e a l l y  what w e  a r e  t r y i n g  t o  do i s  
put  t h e  whole l a d y  i n s i d e  of  t h e  whole c o r s e t .  

What k i n d  of t echno logy  a r e  we go ing  t o  need? Wel l ,  how do  you 
p l a n t  on a  s l o p e ?  How do  you p l a n t  under  w a t e r ?  How do  you u s e  t h e  whole 

p l a n t ?  Has anybody r e a l l y  t r i e d  t o  b r e e d  a  p l a n t  f o r  i t s  e n e r g y  c o n t e n t ,  

t o t a l  e n e r g y  c o n t e n t ?  I d o n ' t  t h i n k  s o .  I mean 1 ' m  no agronomis t  b u t  I 



have t a lked  t o  a  l o t  and they  say ,  w e l l ,  ye s ,  but  r e a l l y  not  y e s .  And 
I ' m  t a l k i n g  about  a v a i l a b l e  energy.  That means a v a i l a b l e  energy a f t e r  you 
g e t  done doing a l l  t h e  t h i n g s  you have g o t  t o  do t o  i t ,  l i k e  chop it and 
d r y  it and p e l l e t i z e  i t .  And i n c i d e n t a l l y ,  when you a r e  p e l l e t i z i n g  t h a t  
s t u f f ,  i f  you squeeze i t  t o g e t h e r  enough you w i l l  never g e t  it t o  r e a c t  
w i t h  anyth ing .  Keep t h a t  i n  mind.  hat's t h e  b i g  problem I understand 
they  a r e  having a g a i n s t  hyd ro lys i s  up i n  Navy town. They c a n ' t  g e t  t h e  
s t u f f  i n s i d e  where i t ' s  going t o  do some good. 

Are we r e a l l y  cropping i n  t h e  way we should? I mean everybody 
knows how t o  c rop  c o r n  i f  t hey  want t o  g e t  k e r n e l  c o r n  o r  e a r  co rn .  But 
do we know how t o  c r o p  t r e e s  f o r  t h e i r  energy c o n t e n t ?  Do w e  know which 
v a r i e t i e s  t o  use? Do w e  know how much water  t hey  need? W e  d o n ' t .   hat's 
what technology io about. 

One of t h e  t h i n g s ,  i n c i d e n t a l l y ,  I would l i k e  t o  c a u t i o n  yo11 on 
.in developing your technology,  something I have seen  he re  r epea t ed ly ,  i f  
t h e r e  i s  any thin^ p e o p l e  i n  t h e  c h ~ . m i r a l ,  i n d u s t r y  want t o  avocd l i k e  a pl.ag~re 
i t ' s  a  two-product p l an .  Phenol and ace tone  i s  a  good example. Butanol and 
ace tone  i s  ano the r  example. You never know how t o  p r i c e  anyth ing .  For 
example, we saw some ve ry  i n t e r e s t i n g  p r i c i n g  informat ion  h e r e  where r i g h t  
a t  t h e  beginning i t  was assumed t h a t  t h e  byproduct was t h e  feed  t h a t ' s  l e f t  
over  and s o  you s u b t r a c t  t h a t  from t h e  c o s t .  But supposing t h e  market g e t s  
a  l i t t l e  out  o f  k i l t e r  and t h a t ' s  t h e  t h i n g  you c a n ' t  s e l l .  J u s t  l e a r n i n g  
how t o  keep t h e  books g e t s  t o  be a r e a l  problem. And t h e  f a c t  t h a t  you a r e  
s e rv ing  two markets  w i t h  two d i f f e r e n t  market ing o rgan iza t ions  is  a  r e a l  
prohl.ems. 

Un t h e  o t h e r  hand, i t ' s  not  imposs ib le ,  because i f  you eve r  want 
t o  s e e  anyth ing  weird i t ' s  t he  bookkeeping t h a t  goes on i n  an  o i l  r e f i n e r y  
where you have go t  one b a r r e l  of s t u f f  coming i n  and 79 d i f f e r e n t  kinds of 
b a r r e l s  going out  and every  day t h a t  mix o'f b a r r e l s  changes and t h e  market 
changes.  S O  be forewarned, i t ' s  t h a t  k ind  of a b a l l  game. 

Another t h i n g  I have heard a  good d e a l  about i s  a  p i l o t  p l a n t  and 
a  demonstrat ion p l a n t .  It has  been my exper ience  t h a t  p i l o t  p l a n t s  a r e  
e x c e l l e n t  f o r  c r e a t i n g  and so lv ing  problems t h a t  occur  only i n  p i l o t  p l a n t s .  
When you have g o t  an  emergency l i k e  w e  have now, go t a k e  t h c  r i s k  of b u i l d -  
i n g  a  bloody p l a n t ,  a  b i g  f a t  one. I f  it d o e s n ' t  work a t  a  hundred pe rcen t ,  
s o  what .  And i n c i d e n t a l l y ,  a  l o t  of what I ' m  hea r ing  h e r e  I have heard a t  
t h e  S o l a r  Energy Soc i e ty  conferences  where t hey  a r e  t a l k i n g  about  s o l a r  
c o l l e c t o r s  and r e f l e c t o r s  and t h e r e  i s  a  group of academics o u t  t h e r e  every 
y e a r  t h a t  i s  t e l l i n g  us how t o  ge t  ano thc r  2% e f f i c i e n c y  i n  a  s o l a r  c o l l e c t o r ,  
bu t  no bank w i l l  g ive  you a  loan  t o  put  one on your house, so  why bo the r  w i th  
a  lousy  2%. 1 t ' s  go, no go.  A r e  w e  b e t t e r  o f f  l e t t i n g  t h e  Arabs g e t  t h e i r  



hooks i n t o  us deeper  and deeper  o r  a r e  we b e t t e r  o f f  b u i l d i n g  a  p l a n t  t h a t  
i s n ' t  b e a u t i f u l ?  I p a r t i c u l a r l y  enjoyed t h e  comment abou t  t h e  a l c o h o l  
f a c t o r y ,  t h e  gasohol  f a c t o r y ,  where you s a i d ,  "Look, r i g h t  h e r e  w e  may n o t  
be making any money, b u t  w e ' r e  n o t  l o s i n g  any  money." The name o f  t h e  game 
i s  not  n e c e s s a r i l y  making money. The name of t h e  game i s  s u r v i v a l .  

I was a t  a  c o n f e r e n c e  sometime back on long-range p lann ing ,  one 
o f  t h e s e  c l o i s t e r e d  t h i n g s  t h a t  t h e y  have i n  t h e  Maine woods. We t a l k e d  
f o r  a  day and a  h a l f  b e f o r e  anybody mentioned what t h e  t ime  Erame was f o r  
long-range p l a n n i n g .  I f i n a l l y  asked i t  over  lunch .  I s a i d ,  "Fellows, 
what i s  long-range p lann ing?"  One o f  t h e  guys s a i d ,  "The t ime  frame o f  
10.ng-range p lann ing  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  how d i s m a l l y  you view t h e  
f u t u r e . "  Righ t  now I t h i n k  o u r  long-range p l a n  i s  wor ry ing  abou t  tomorrow's 
s u r v i v a l .  So d o n ' t  h o r s e  around w i t h  p i l o t  p l a n t s  and exper iments  and t h a t  
s o r t  o f  t h i n g .  Get o u t  t h e r e  and b u i l d  i t .  

"Well, I would, b u t . "  I have g o t  t h e  t echnology ,  I t h i n k  t h i s  
s t r i n g  i s  s t r o n g  enough t o  p u l l  t h e  market  t o g e t h e r  w i t h  t h e  r e s o u r c e ,  
bu t  t h e r e  i s  r e s i s t a n c e  o u t  t h e r e .  We d o n ' t  know what each o t h e r  i s  d o i n g .  

The market i s  c a p r i c i o u s .  It keeps. moving a round .  We d o n ' t  know 
about  t h e  t i m i n g .  I mean we a r e  go ing  t o  f i n d  o u r s e l v e s  i n  a  c r a s h  program, 
which i s  r e a l l y  v e r y  uneconomical ,  o r  e l s e  we might  f i n d  o u r s e l v e s  i n  a  
p o s i t i o n  o f  b u i l d i n g  a  p l a n t  and having it l i e  t h e r e  f o r  2 y e a r s  w i t h o u t  
anybody buying what w e  a r e  making. We d o n ' t  unders tand  t h e  t i m i n g .  

W e  have g o t  t h e  problem o f  long-range p lann ing  and y e t  s h o r t - t e r m  
s u r v i v a l .  We d o n ' t  know how b i g  t o  make t h i s  p l a n t .  We r e a l l y  d o n ' t  know 
what t h e  market  i s  because  nobody has  e v e r  s o l d  t h i s  k i n d  o f  s t u f f  b e f o r e .  
Nobody has  g o t  a  c o r n  s t o v e r  b i n  i n  h i s  basement l i k e  t h e y  used t o  have 
c o a l  b i n s .  We d o n ' t  know how t o  r e a d  t h a t  market .  W e  a r e  n o t  y e t  used t o  
t h i n k i n g  i n  terms of l i f e  c o s t  r a t h e r  t h a n  o p e r a t i n g  c o s t .  

Okay. I t r i e d  t o  l a y  o u t  t h e  problem a  l i t t l e  b i t .  Now what a r e  
w e  go ing  t o  do about  i t ?  The government, which I remind you i s  u s ,  c a n  
p o s s i b l y  be h e l p f u l  because  i t ' s  wor ry ing  abou t  i t s  s u r v i v a l  and t h a t ' s  
i t s  j o b ,  t h a t  i s  why w e  have g o t  a  government. The government does  n o t  have 
e x p e r t i s e  i n  m a r k e t i n g .  I have been s c r a t c h i n g  my head f o r  t h e  l a s t  2 years .  
t o  f i g u r e  o u t  something t h a t  t h e  f e d e r a l  gove<rnment h a s  put  i n t o  c h a n n e l s  
o f  commerce. I g i v e  you a  minute  t o  t h i n k  abou t  i t .  What h a s  t h e  f e d e r a l  
government e v e r  pu t  i n t o  c h a n n e l s  o f  commerce? The o n l y  t h i n g  I c o u l d  corrie 
up w i t h  was t h e  ~ e l t s v i l l e  t u r k e y .  Maybe you c a n  come up w i t h  something 

else. So we c a n ' t  look  t o  t h e  government f o r  marke t ing  e x p e r t i s e .  Okay? 
They c a n ' t  h e l p  us  much t h e r e .  



Resource. We know what t h a t  i s .  I t ' s  land .  ~ t ' s  t h e r e .  We 
have g o t  a  n i c e  fence  around i t  which i s  now 200 miles wider  than  i t  was a  
few months ago. I d o n ' t  t h i n k  t h e  government can  h e l p  us much t h e r e .  They 
have g iven  away a l l  t h a t  they  could g ive  away p r e t t y  much. Maybe they  
cou ld  l e t  us use some t h a t  t hey  a r e  no t  us ing .  They a r e  us ing  f r e e  c a t t l e  
g r az ing  or  n a t i o n a l  parks .  Maybe we could  h a r v e s t  o n e - f i f t h  of every  
n a t i o n a l  park eve ry  yea r .  Maybe t h e  government could  h e l p  a  l i t t l e  over 
t h e r e .  

Now, where t h e  government i s  r e a l l y  b r i l l i a n t  i s  i n  technology.  
I mean they  can  put a  man on t h e  moon. They c a n ' t  make a  ba th ing  cap  t h a t  
d o e s n ' t  l e ak ,  bu t  t h e y  can put a  man on t h e  moon. We d o n ' t  need t h a t  kind 
o f  technology.  We d o n ' t  need gung ho, ''damn t h e  c o s t  ," " f u l l  speed ahead" 
technology.  The major c o s t  of p u t t i n g  solar  panels on houses i s  rhe l a h n r  
of l o c a l  plumbers and c a r p e n t e r s .  It d o e s n ' t  have t h e  NASA economy s c a l e .  
You c a n ' t  b u i l d  a  PERT c h a r t  t h a t  occupies  b i l l i o n s  of d o l l a r s  of man-hours 
t h a t  t h e  guys i n  Washington a r e  s o  e x p e r t  a t .  We b u i l d  p i a n t s  a l l  t h e  time 
wi thou t  t h e  government 's  he lp ,  a l though we a r e  g e t t i n g  more h e l p  than. w e  
want .  So I d o n ' t  t h i n k  we can  look t o  t h e  government f o r  any he lp  on t h e  
technology,  no t  much h e l p  i n  t h e  market and not  much h e l p  i n  t h e  r e sou rce .  

We a r e  on ly  left w i t h  t h e  r e s i s t a n c e .  What t h e  d e v i l  can  t h e  
government do about  t h e  r e s i s t a n c e ?  Well,  w e  heard of one s t a t e  government 
producing some t a x  i n c e n t i v e s  f o r  a l coho l .  I f  I put a  s o l a r  c o l l e c t o r  on 
my house a t  a  c o s t  of 10,000 bucks, my r e a l  e s t a t e  t a x  goes up. Does t h a t  
make sense?  I f  you t a k e  the  o i l  ou t  of t h e  ground, t h e  bank account ,  
you g e t  a  d e p l e t i o n  allowance and you g e t  your  head bashed i n .  You know, 
t hey  a r e  doing i t  a l l  backwards. 

Chase Manhattan Bank's February market l e t t e r  s a i d ,  "Don't l e t  
anybody t e l l  you t h e  United S t a t e s  d o e s n ' t  have an  energy po l i cy .  It has  
a  very  v i v i d ,  obvious energy p o l i c y ,  which i s  cheap energy o r ,  i n  o t h e r  
words, t h e  f r e e  lunch."  So i f  t h e  government--and r e c a l l  t h e  
i s  us--wants t o  do something, they  f i r s t  make t h e  d e c i s i o n  t o  s t o p  ho r s ing  
around. We do have an  energy problem, i t ' s  f o r  r e a l .  Two s t r i k e s  w e  have 
g o t  on us a l r e a d y ,  '72 and t h e  w in t e r  of '76- '77 .  I d o n ' t  know what t h e  
t h i r d  s t r i k e  i s  going t o  look l i k e .  

So l e t  t h e  government g e t  i n  t h e r e  and make some p o l i c i e s .  We 
a r e  going t o  g ive  them t a x  i n c e n t i v e s .  We a r e  going t o  l e t  t h e  banks g i v e  
low c o s t  l oans .  W e  had an  a r t i c l e  come ou t  r e c e n t l y  by a  young couple ,  t h e  
Lavalese i n  Colorado Spr ings ,  who s a i d ,  "The d e v i l  w i ~ h  Ellis f o o l i s h n e s s .  
We a r e  going t o  b u i l d  o u r  own s o l a r  house. We a r e  going t o  use s t a t e  of t h e  
a r t .  S t a t e  of  t h e  a r t  means anyth ing  we can  l e a r n  ou r se lves . "  And they  b u i l t  
a  b e a u t i f u l  house. The only problem i s  t h e r e  i s n ' t  a  bank i n  t h e  s t a t e  of  
Colorado t h a t  would g ive  them a  l oan  on t h e  s o l a r  p a r t  of t h a t  house. They 

had t o  t a k e  i t  out  of t h e i r  own sav ings .  
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The government c a n  do something about  t h a t .  The government c a n  
do something abou t  p a t e n t s .  Did any of you n o t i c e  t h e  f a c t  t h a t  t h e r e  a r e  
v e r y  few peop le  h e r e  t h a t  make a  l i v i n g  by s e l l i n g  a  p roduc t?  They a r e  
s t a y i n g  away i n  d r o v e s .  I came t o  t h e  c o n c l u s i o n  b e f o r e  I came t h a t  t h e y  
p robab ly  d i d n ' t  know about  t h e  c o n f e r e n c e ,  s o  I c a l l e d  up e x e c u t i v e s  of 
abou t  10 o r  12 companies,  people  I know, v i c e - p r e s i d e n t s ,  p r e s i d e n t s ,  s a i d ,  
'What a r e  you f e l l o w s  do ing  i n  biomass and s o l a r  energy?"  "We a r e  wa tch ing ."  
"What do you watch?"  "Well, you know, we d o n ' t  know what t h e  government i s  
go ing  t o  do . "  "Well, d o  you have any r e s e a r c h  and development o f  your  own 
go ing  i n  t h a t  a r e a ? "  "No." "Well ,  how about  g e t t i n g  some ERDA money?" " I f  
you g e t  ERDA money, t h e y  a r e  going t o  want t h e  p a t e n t s . "  I l e a r n e d  o v e r  
lunch today  t h a t ' s  n o t  t r u e .  

F i n a l l y ,  t h e  one t h i n g  t h e  government c a n  do and t h e y  a r e  beg inn ing  
t o  do i s  t o  be a  marke t .  They c a n  g u a r a n t e e  t h a t  i f  you guys c a n  make t h i s  
s t u f f  a t  t h i s  p r i c e  we w i l l  buy it f o r  10 y e a r s  and w e  w i l l  e n t e r  i n t o  a  con- 
t r a c t  t h a t  s a y s  we w i l l .  I d o n ' t  c a r e  whether  t h a t  s t u f f  i s  g a s o l i n e  o r  
n a t u r a l  g a s  o r  s t o v e r  o r  whatever  i t  i s ,  we c a n  do a l l  t h a t .  P a r t  of t h e  
r e a s o n  we d o n ' t  do it i s  t h a t ,  i n  t h e  words o f  a  c o r p o r a t e  e x e c u t i v e  I 
know i n  Washington, i n f i n i t y  is 2 y e a r s .  I f  t h e  government i s  t o  be a  
market  i t  w i l l  t a k e  a  l i t t l e  b i t  o f  long-range p lann ing .  

So t h e  p o i n t  I would l i k e  t o  l e a v e  w i t h  you i s  s imply t h i s .  We 
have a problem, a  r e a l  problem, a n  energy  p r o b l e m , , t h e  a b i l i t y  t o  do work. 
T h a t ' s  a  s u r v i v a l  problem. The o n l y  peop le  t h a t  a r e  go ing  t o  s o l v e  it a r e  
us and people  l i k e  u s .  True,  t h e r e  a r e n ' t  v e r y  many p r o f i t m a k i n g  r e p r e -  
s e n t a t i v e s  h e r e ,  b u t  t h e r e  a r e  a  few. There  a r e n ' t  any people  from Congress 
h e r e ,  nobody from s t a f f ,  nobody from s t a t e  government. How come? T e l l  
them. 

The government c a n  do a  l o t  abou t  communication. And i n c i d e n t a l l y ,  
I do wish  t h e y  would t a l k  i n  our  language i n s t e a d  of t h e i r  language.  

Okay, we have g o t  t o  do something d i f f e r e n t  and t h e  b e s t  way t o  
.do something d i f f e r e n t  i s  do something d i f f e r e n t .  D r .  Kimball  y e s t e r d a y  
s a i d  h e  t h o u g h t  t h i s  mee t ing  shou ld  have been h e l d  5 y e a r s  ago .  I o n l y  hope 
1 ' m  n o t  s i t t i n g  h e r e  5 y e a r s  from now t a l k i n g  abou t  t h e  same t h i n g .  The 
f i r s t  a r t i c l e  w e  pub l i shed  on t h e  energy  p l a n t a t i o n  was i n  1972. 

F i n a l l y  I conc lude  w i t h  t h i s  thought  t h a t  came over  d i n n e r  l a s t  
n i g h t .  One o f  my c o n f e r e e s  s a i d  t o  m e ,  " ~ o o k ,  you a r e  j u s t  a s k i n g  :oo much. 
I mean, t h e  guy h a s  g o t  t o  be a n  agronomis t ,  h e  has  g o t  t o  be a n  e n t o m o l o g i s t ,  
h e  has  g o t  t o  be a n  e n t r e p r e n e u r ,  h e ' s  g o t  t o  be a  mechanic,  h e ' s  g o t  t o  be 
a  t a x i  d r i v e r ,  he  has  t o  be a n  e x p e r t  on marke t ing  c o r n ,  and now a l l  o f  a  
sudden you want him t o  be a  t e c h n o l o g i s t  and you want him t o  r u n  a n  a l c o h o l  
f a c t o r y .  What t h e  d e v i l  do you c a l l  such  a  guy?" I c a l l  him a n  American. 



PRESENT AND FUTURE TRENDS I N  FORAGE HARVESTING EQUIPMENT 

M r .  Raymond A .  Adee, Vice P r e s i d e n t ;  R&D 

The Hesston Corporat ion 

I wuuld l i k e  ra p re sen t  a  b r i e f  h i s t o r y  of some of  t h e  t h ings  
we have done i n  our  company t h a t  I th ink  you might f i n d  i n t e r e s t i n g  a s  i t  

concerns t h e  problems of handl ing ,  t r a n s p o r t i n g ,  and s t o r i n g  hay c rops .  
Our e f f o r t  was d i r e c t e d  toward f i nd ing  an eas ier ,  m n r p  e f f i c i e n t  and l c o o  
expensive way of ha rves t i ng ,  s t o r i n g  and t r a n s p o r t i n g  hay c rops  p a r t i c u l a r l y .  

Onc nf t.he processes we're : i ~ i t = ~ r e s t ~ A  i n  &s cubin8 ~ h c  c rops .  
We d i d  some r e s e a r c h  work, a c t u a l l y  b u i l t  some pro to types  of an a l f a l f a  hay 
cuber ,  t o  check t h e  handl ing ,  the s t o r a g e ,  t r a n s p o r t a t i o n  c o s t s ,  and t h e  
pro'blems w e  run  i n t o  i n  forming a  good cube t h a t  would s t a y  t oge the r  with-  
o u t  t oo  muoh £ i n e .  Our cubes had a bulk  of about 30 pounds per  cubic  f o o t ,  
s o  we had good 'bulk d e n s i t y .  The mois ture  l i m i t  of  t h e  hay i s  17% t o  12%. 
T h a t ' s  a  ve ry  narrow h a r v e s t i n g  range  because when a  c rop  f i n a l l y  g e t s  down 
to 17% ulois tvre  i t ' s  n o t  going t o  hang t h e r e  ve ry  long  between 1 7  and 12,  
s o  i t  j u s t  d o e s n ' t  have a broad enough h a r v e s t i n g  range. 

We had ano the r  a t t empt  a t  cubing c a l l e d  t h e  Rotopack. This w a s  
t ak ing  a l f a l f a  hay, p r imar i l y ,  and r o l l i n g  i t  and a t t empt ing  t o  g e t  a  h igh  
d e n s i t y  r o l l .  The r o l l s  were approximately 8 i n .  i n  diameter  and could be 
c u t  t o  v a r i o u s  l e n g t h s .  Here aga in  our  problem was t h e  ha rves t i ng  range. 
For  che Rotopack t o  work t h e  hay had t o  be  i n  t h e  mois ture  range  of  27% to . 
22%. You.get  a hoe Kansas a f t e rnoon ,  why, i n  t h e  morning t h e  hay i s  too  
green  and if you t r y  and cube i t ,  i t  w i l l  j u s t  t u r n  i n t o  kind of  a  l i q u i d  
and by the  time t h e  mois ture  con ten t  drops below 22% by s l i g h t l y  a f t e r  lunch, 
then t h e  hay t u r n s  t o  c h a f f .  

Another t h ing  we moved i n t o  i n  t h e  l a t e  s i x t i e s  and e a r l y  s e v e n t i e s  
was a  f u r t h e r  a t t empt  t o  do bulk handl ing  o f  hay c rops .  We b u i l t  a  machine 
t h a t  we c a l l e d  t h e  S tack  Hand. The f i n i s h e d  package from t h e  S tack  Hand looks  
l i k e  a l a r g e  l oa f  of  b read .  The S tack  Hand has  been on the market s i n c e  
1969 and i f  you have d r i v e n  through t h e  count ry  you probably have seen  
t h e s e  types o f  hay s t a c k s .  The l i m i t a t i o n  of t h i s  type o f  s t a c k i n g  is  how 
f a r  can you haul  t he se  l a r g e  s t a c k s  economically.  I f  you a r e  growing hay 
and feed ing  i n  t h e  immediate a r e a  of 30 m i l e s ,  i t ' s  a  f a i r l y  p r a c t i c a l  way 
t o  go. The d e n s i t y  on these  s t a c k s  w i l l  run from 6 t o  8 l b s / c u  f t .  
A normal b a l e  of hay i s  about  8 t o  1 2  I h s / s u  f t ,  

One method of  feed ing  t h a t ' s  used on the  ranches  i n  Kansas, Nebraska, 
Wyoming and o t h e r  s t a t e s  i s  t o  s l i c e  o f f  some hay from t h e  l a r g e  s t a c k s  made 

by t h e  Stack Hand and l eave  t h i s ' o n  t h e  ground. However, I th ink  as t'he v a l u e  



of  t h e  hay c rops  i n c r e a s e s  we a r e  going t o  s e e  l e s s  and less of t h i s .  There 
i s  no investment  i n  bunks f o r  s t o r i n g  t h e  hay b u t  you can  by some e s t i m a t e s ,  
save  a s  much as 20% o f  t h e  hay by p u t t i n g  i t  i n  bunks. 

Another machine t h a t  we b u i l t  w a s  one t h a t  would s t a c k  c o r n  s t o v e r .  
While we were s t udy ing  t h e  market f o r  bu lk  hand l ing  of  a l f a l f a  and p r a i r i e  
hay, we a l s o  d i d  some market r e s e a r c h  and determined t h a t  t h e r e ' s  q u i t e  a 
s u b s t a n t i a l  market o f  making s t a c k s  i n  corn  s t o v e r .  This  turned o u t  t o  b e  
t h e  c a s e ,  b u t  t h e  t r u t h  of  t h e  m a t t e r  i s ,  t h a t ' s  j u s t  dumb luck .  We j u s t  
stumbled i n t o  the  s t a c k i n g  o r  c o r n  s t o v e r .  I t h ink  t h a t ' s  something t h a t  
I would l i k e  t o  emphasize a f t e r  hea r ing  some of t h e  remarks du r ing  t h i s  con- 
f e r e n c e  about  t h e s e  p o s s i b l e  p r o j e c t s .  You can ana lyze ,  you can s tudy  and 
we have about  concluded you do a r ea sonab l e  amount of t h a t ,  b u t  i f  you ana lyze  
t oo  long  you w i l l  ana lyze  i t  t o  dea th .  You need t o  jump i n  and i f  i t  looks  
l i k e  i t  has  a halfway r ea sonab l e  chance and t h e r e  i s  a need f o r  i t  then  go 
ahead and do i t .  Because a s  you g e t  i n t o  i t ,  you w i l l  f i n d  o u t  a l o t  of 
t h i n g s  you thought  were a b s o l u t e s  a r e  no t .  There w i l l  be  o t h e r  p l u s e s  and 
minuses a f t e r  you g e t  t h e r e .  We s o l d  probably 20% more machines because of 
t h i s ,  which was j u s t  a c c i d e n t a l .  And I daresay  t h a t ' s  t r u e  of some of t h e  
o t h e r  p r o j e c t s  be ing  proposed h e r e  i n  t h i s  room. 

The s t a c k s  made w i t h  ou r  equipment were much l a r g e r  than  conven- 
t i o n a l  s t a c k s .  S ince  t h e  s t a c k s  a r e  s o  d i f f e r e n t ,  w e  have t o  supply t h e  
complcte  system for handlj..ng rhem. W e  can' t just make t h e  b a l e r .  I n  o t h e r  
words, u s ing  t h i s  equipment would change a farmers  system f o r  hand l ing  h i s  
hay. 

We thought  t h e  p o t e n t i a l  f o r  t h i s  new system would be p r i m a r i l y  
i n  Arizona and C a l i f o r n i a .  But sou the rn  C a l i f o r n i a  now appears  t o  be one 
of t h e  most, d i f f i c u l t  a r e a s  t o  change over  t h e i r  system. I n  C a l i f o r n i a  a 
l o t  of hay i s  grown and d e l i v e r e d  t o  t h e  b i g  d a i r i e s  i n  Los Angeles. Much 
of t h e  hay is  grown by i n d i v i d u a l  fa rmers  who do n o t  b a l e  i t ,  s o  t h e  f i r s t  
businessman i s  t h e  farmer  growing t h e  hay. The second one i s  t h e  cus to~ne r  
c o n t r a c t o r  t h a t  b a l e s  i t .  Then comes a long  a t h i rd .man  who is  known a s  a 
hay buyer  who use s  some l o c a l  c o n t r a c t o r s  t o  h e l p  load  h i s  t r u c k  a t  t h e  farm 
end. And then  he d e l i v e r s  t o  one of s e v e r a l  d a i r i e s  i n  t h e  Los Angeles a r e a .  
He d o e s n ' t  buy from j u s t  one fa rmer ,  h e  w i l l  buy from a s  many a s  25 and b e  
d e l i v e r i n g  t o  10  o r  1 5  d a i r i e s .  And then  on t h e  r e c e i v i n g  end a t  t h e  d a i r y  
h e , h a s  ano the r  c o n t r a c t o r  t h a t  ha s  a sma l l  machine t h a t  unloads o f f  of h i s  
t r u c k s  and p u t s  them i n  hay barns .  So t h e r e  a r e  s o  many businessmen involved  
i n  t h i s  o p e r a t i o n ,  each w i t h  t h e i r  own equipment, t h a t  i t  w i l l  b e  d i f f i c u l t  
t o  change over  t o  ano the r  system. 

I would l i k e  t o  c o n t r a s t  t h e  C a l i f o r n i a  s i t u a t i o n  w i t h  t h a t  o f  
Nebraska. When we t r i e d  t o  market t h i s  system i n  t h e  midwest, t h e  people  
most i n t e r e s t e d  i n  i t  were t h e  hay growers from Nebraska. There t h e  hay 



s i t u a t i o n  i s  d i f f e r e n t  from t h a t  i n  C a l i f o r n i a .  Genera l ly ,  t h e r e  w i l l  be  
a  l a r g e  farmer t h a t  grows h i s  own hay, he  b a l e s  h i s  own hay, he loads  h i s  
own t rucks ,  s o  h e  has  c o n t r o l  of  about  f o u r - s i x t h s  of  t h e  ope ra t i ons .  So 
t h e r e ,  they s r e  r eady  t o  change over  t o  t h e  new system because they can  do 
i t  a t  t h e i r  own convenience. They d o n ' t  have t o  involve  a whole bunch of  
o t h e r  people i n  t he  changeover. 

So be ing  i n  t h e  manufacLuring bus ines s ,  t h i s  i s  something w e  look 
a t .  I f  you come a long  wi th  a n  improvement, you need t o  cons ide r  how b i g  a  
job i t  i s  t o  g e t  i t  accepted ,  t o  g e t  t h e  changeover. The improvement i s  
no t  going t o  go anyplace  i f  you c a n ' t  g e t  acceptance  and g e t  people  t o  make 
t h e  changeover. 

The Hesston Corpora t ion  a l s o  makes a processor  t h a t  w i l l  t ake  t w o  
b a l e s  and r u n  through i t  w i th  shredding  kn ives .  One of t h e  b i g  advantages 
i n  t h i s  system i s  i t  saves  on l a b o r  a t  f eed ing  time. I f  you have got  400 
cows you a r e  mi lk ing ,  w i t h  t h i s  type  o f  processor  you w i l l  spend l e s s  hours  
i n  feed ing  t ime,  With convent iona l  b a l e s  a l l  the f e e d i n g ' h a s  t o  be done 
~llanually.  

.Another  a s p e c t  of h a r v e s t i n g  equipment i s  t h e  handl ing  of  forage .  
We have redesigned our  u n i t s  through t h e  yea r s  t o  b e t t e r  handle  corn  and 
sorghum and a l f a l f a .  Many t i m e s  you w i l l  have a c o r n  f i e l d  t h a t  h a s  a l o t  
o f  g r a s s  and weeds i n  i t  which makes t he  corn  d i f f i c u l t  t o  h a r v e s t .  So we 
have made a  bu lk  hand l ing  machine t h a t  has  d i s c  c u t o f f s  and g r i p p e r  b e l t s ,  
which is  designed t o  b e t t e r  handle  t h e  convent iona l  farm crops .  

We found t h a t  i n  seas around the  world t h e r e ' s  a  real  awareness 
of making b e t t e r  use  of  t h e  c rops  they have. An example of  t h i s  i s  t h e  s i t u -  
a t i o n  i n  Hawaii. I n  Hawaii t h e  p ineapple  p l a n t  has  a l i f e  of aGouL 4 y r s  by 
t h e  time you h a r v e s t  t h r e e  times. Normally t h e  p l a n t  a f t e r  t h e  last h a r v e s t  
o f  t h e  f r u i t  i s  j u s t  a  nuisance.  They p r a c t i c a l l y  wear t h e  fini 1. o u t  t r y i n g  
to g e r  ehe p ineapple  p l a n t  chopped up and d i sked  up and back i n t ~  the  ground, 
Also, a l l  Llle milk t h a t ' s  consumed i n  Hawaii i s  produced t h e r e  and t h e  feed 
c o s t s  a r e  ve ry  h igh .  For  i n s t a n c e ,  corn  i s  over  $6 a  bushel .  So they a r e  
i n  a r e a l  squeeze f o r  feed .  They found o u t  t h a t  t h i s  p ineapple  p l a n t  t h a t ' s  
l e f t ,  which t o  t h e  landowner i s  j u s t  i n  t h e  way, was good e n s i l a g e .  They 
only  needed a way t o  h a r v e s t  i t .  Our fo rage  h a r v e s t e r  w e  found was very  adapt -  
a b l e  t o  h a r v e s t i n g  t h e  p ineapple  p l a n t  t h a t  i s  l e f t .  They were paying $40 
a n  a c r e  f o r  t h e s e  p l a n t s .  Now t h e r e  i s  such a  demand f o r  t h e  p ineapple  p l a n t  
and t h e  p ineapple  people  a r e  i n  a  p r i c e  squeeze, s o  they a r e  now charg ing  
$120 p e r  a c r e  f o r  what used t o  be  j u s t  a problem t o  g e t  r i d  o f .  

There are some areas i n  Cen t r a l  America where they have g o t  a  su r -  
p l u s  o f  sugarcane s o  they a r e  chopping i t  f o r  c a t t l e  feed .  Sugarcane is  
much d i f f e r e n t  than corn.  Corn grows n i c e  and s t r a i g h t  and i n  l i n e ,  b u t  i n  



many of  t he se  sugarcane f i e l d s ,  you have t o  t ake  a  machete and go o u t  and 
chop t o  f i n d  o u t  which way t h e  rows run  because i t  grows up i n  such t h i c k  
clumps. The fo rage  h a r v e s t i n g  u n i t  appears  t o  be adap tab l e  t o  sugarcane. 
When t h e  sugar  p r i c e  i s  down and they have g o t  a  s u r p l u s  of i t  some of  t h e  
sugarcane growers a r e  s t a r t i n g  t o  use i t  f o r  c a t t l e  feed.  I n  o t h e r  a r e a s  
where they d o n ' t  burn t h e  l eaves  o f f  o f  t h e  sugarcane p l a n t  b u t  h a r v e s t  i t  
wi thout  burning,  t h e  l eaves  a r e  l e f t  i n  t h e  f i e l d .  So t h e  S tack  Hand can  . 

p ick  i t  up and s t a c k  wha t ' s  l e f t  of  t h e  sugarcane p l a n t  f o r  use  a s  c a t t l e  
feed.  

( Included i n  M r .  Adee's p r e s e n t a t i o n  were s l i d e s  showing v a r i o u s  
h a r v e s t i n g  machines. Unfor tuna te ly ,  t h e s e  s l i d e s  were n o t  a v a i l a b l e  f o r  
p u b l i c a t i o n . )  
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ABSTRACT 

Crop r e s i d u e  i s  a renewable r e s o u r c e  t h a t  cou1.d supply va r ious  

energy p roduc t s  t o  an  a g r i c u l t u r a l  r e g i o n .  The f e a s i b i l i t y  o f  

such  an e f f o r t  depends upon a g r i c u l t u r a l  c h a r a c t e r i s t i c s  o f  t h e  

r e g i o n ,  t h e  u s e  o f  c u r r e n t  energy p roduc t s ,  a l t e r n a t e  convers . ion 

t e c h n o l o g i e s , '  and t h e  o p e r a t i o n  o f  t h e  s u p p o r t i n g  a c t i v i t i e s  

which c o l l e c t ,  compact, s h i p ,  e t c .  t h e  r e s i d u e  on i t s  journey 

from t h e  f i e l d  t o  f i n a l  d i s p o s i t i o n .  Th i s  work d e l i n e a t e s  

t h e  v a r i o u s  i s s u e s  and shows a method o f  f e a s i b i l i t y  a n a l y s i s  

which p rov ides  a uniform means o f  assessment  o f  c o s t s  and 

energy u s e  o f  a l t e r n a t e  systems.  The method i s  a p p l i e d  t o  

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

c o a l - f i r e d  u t i l i t y  b o i l e r s  i n  Minnesota.  It  i s  found t h a t  

many coun ty -p l an t -ope ra t ion  combinat ions  . e x i s t  where t h e  c u r r e n t  

c o a l  c o s t  exceeds  t h e  a s - d e l i v e r e d  c o s t  o f  an  energy e q u i v a l e n t '  

amount o f  r e s i d u e ,  sugges t ing  t h a t  r e s i d u e  i s  a p o t e n t i a l  

a l t e r n a t i v e  f u e l  f o r  power g e n e r a t i o n .  

I N T R O D U C T I O N  

It has  been e s t i m a t e d  t h a t  t h e  y e a r l y  supply  o f  c r o p  r e s i d u e s  

produced i n  Minnesota could  supply  over  4 0 %  o f  t h e  s t a t e ' s  

energy demand.. T h i s  i s  a s i z e a b l e  pe rcen tage ,  which immediately 

s u g g e s t s  a c l o s e r  examinat ion t o  e x p l o r e  t h e  f e a s i b i l i t y  of 

a c t u a l l y  u s i n g  t h i s  renewable r e s o u r c e  t o  meet s p e c i f i c  energy 

needs .  However, t h e  n o t i o n  o f  f e a s i b i l i t y  i n  t h i s  s i t u a t i o n  

d i f f e r s  fkom t h e  t r a d i t i o n a l  i n t e r p r e t a t i o n  which u s u a l l y  

r e f e r s  t o  t h e  a b i l i t y  t o  accomplish  a d e f i n i t e  o b j e c t i v e  



w i t h i n  c o m p e t i t i v e  economics.  T h i s  d e f i n i t i o n  i s  e a s i l y  

a p p l i e d  when : 

1. A s i n g l e  o b j e c t i v e  i s  s t a t 2 d .  

2 .  The proposed sys tem i s  f u l l y  s p e c i f i e d ,  c o n s i s t i n g  

o f  a v a i l a b l e  hardware  companents . 
3 .  The sys tem i s  managed by a s i n g l e  o r g a n i z a t i o n ,  s o  

a l l  t h e  c o s t s / b e n e f i t s  c an  be accounted  f o ~  under  

o n e  u m b r e l l a .  

Unfor-tunate:i-y , t h e  Use o f  cr luy r l e ~ i i u e s  f o r  cncrgy p roduc t s  

d o e s  n o t  meet t h e s e  r e q u i r e m e n t s .  Cons ide r i ng  t h e  o b j e c t i v e  

t o  be  t h e  u t i l i z a t i o n  of  c r o p  r e s i d u e s  i n  t h e  most e f f e c t i v e  

means one  immedia te ly  r u n s  i n t o  t h e  problem o f  s cope .  

Many d i f f e r e n t  r e s i d u e  t y p e s  a r e  prssent -  arid a r e  l o c a t e d  i n  

v a r i o u s  d e n s i t i e s  t h roughou t  t h e  s t a t e .  Many energy  o r i e n t e d  

end u s e s  a r e  p o s s i b l e ,  i n c l u d i n g  p y r o l y s i s  f o r  s t o r e a h l e  energy 

p r o d u c t s ,  methane genexia t ion ,  f i r i n g  f o r  c r o p  d r y i n g ,  ammonia 

p r o d u c t i o n ,  and f i r i n g  i .n  l v c d l  u t i l i t y  b o i l e r s .  Each alter- 

n a t e  u se  employs d i f f e r e n t  t e c h n o l o g i e s ,  which a r e  a t  d i f f e r e n t  

l e v e l s  of  development .  Yheir erieelgy pi3uiliiCPS wuuld C I U I I L ~ U ~ O  

with c u r r e n t l y  a v a i l a b l e  s u b s t i t u t e s  t o  meet s p e c i f i c  community 

n e e d s ,  and hence  an end u s e  c h o i c e  i s  a l s o  coupled t o  l o c a t i o n .  

T r a d i t i o n a l  u s e s  are a l s o  p o s s i b l e ,  such  as bedding s i l a g e  and 

l e a v i n g  i n  on t h e  s o i l .  The l a t - t e r  "usc"  h o l d s  t h e  key t o  any 

proposed sy s t em,  and w h i l e  t h e  long t e rm e f f e c t s  o f  removal  a r e  

u r !c lea r ,  it c e r t a i n l y  depe r~ds  upon t h e  s o i l  d e s c r i p t i o n  and  

hence  upor-1 l .oca t io r l .  ?'he a s p e c t s  c? t h e  s i tua - l - ion  arle dyna.i!!ic 



and  can  change o v e r  t i m e  as t r a d i t i o n a l  energy  s u p p l i e s  d i m i n i s h ,  

as c o n v e r s i o n  t e chno logy  advances  and as s o i l  p r o p e r t i e s  and 

f a r m  p r a c t i c e s  change.  Fur the rmore ,  any  o p e r a t i n g  sys tem w i l l  

i n v o l v e  t h e  f l o w  o f  r e s i d u e  t h r o u g h  a sequence  o f  a c t i v i t i e s  

i n v o l v i n g  many t y p e s  of  equipment which must b e  matched f o r  

t h e i r  most economical  and ene rgy  s a v i n g  o p e r a t i o n .  

A l l  t h e s e  a s p e c t s  ra ise  t h e  i s s u e  o f  t h e  method f o r  d e t e r m i n i n g  

f e a s i b i l i t y .  The re  are v a r i o u s  l e v e l s  o f  d e t a i l  t h a t  cou ld  be  

e x p l o r e d ,  w i t h  t h e  f i n a l  be ing  t h a t  o f  a n  a c t u a l  p i l o t  o p e r a t i o n .  

Fo r  a n a l y t i c a l  work, two l e v e l s  o f  d e t a i l  are p e r t i n e n t :  

a .  Flow F e a s i b i l i t y ,  which r e f e r s  t o  t h e  a c c o u n t i n g  o f  t h e  

d o l l a r  c o s t s  and energy  u s e  a s s o c i a t e d  w i t h  a g i v e n  sys tem as- 

suming a un i fo rm o p e r a t i o n  f o r  a f u l l  y e a r .  It  traces r e s i d u e  

f l o w  u s i n g  a " t o n s / y e a r "  b a s i s  and a c c o u n t s  f o r  t h e  r e q u i r e d  

$ / y e a r  and  BTU/year t o  s u s t a i n  t h e  f low.  

b. O p e r a t i o n a l  F e a s i b i l i t y ,  which r e f e r s  t o  a n  i n v e s t i g a -  

t i o n  o f  t h e  day t o  day o p e r a t i n g  a s p e c t s ,  i n c l u d i n g  h a r v e s t  

s c h e d u l i n g ,  manpower and equipment a v a i l a b i l i t y ,  e f f e c t s  o f  

wea the r  upon s t o r a g e ,  s e t - u p s  f o r  t h e  v a r i o u s  equipment ,  e tc .  

It i s  a more d e t a i l e d  l o o k  a t  f l ow  f e a s i b i l i t y  t o  de t e rmine  if 

t h e r e  a re  any major  f a c t o r s  t h a t  would b r i n g  t h e  f l ow  f e a s i b i l i t y  

i n t o  q u e s t i o n .  

Obviously  t h e s e  two f e a s i b i l i t y  measures  would be  a p p l i e d  s e -  

q u e n t i a l l y ,  w i t h  s u c c e s s f u l  f l ow  f e a s i b i l i t y  s u g g e s t i n g  a n  

i n v e s t i g a . t i o n  i n t o  o p e r a t i o n a l  f e a s i b i l i t y ,  b u t  a n  u n s u c c e s s f u l  
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f l o w  a n a l y s i s  s u g g e s t i n g  a h a l t  t o  f u r t h e r  i n q u i r y .  I n  t h i s  

work, t h e  b road  s cope  w a s  r educed  by a d o p t i n g  t h e  r e a l i s t i c  

c o n s t r a i n t s  o f  r a p i d  imp lemen ta t i on ,  u s e  o f  l o c a l  d a t a  and 

a v a i l a b l e  t e chno logy ,  and u t i l i z i n g  a f low f e a s i b i l i t y  l e v e l  o f  

deta.i.1.. S p e c i f i c a l l y ,  among t h e  m u l t i p l e  end u s e s ,  d i r e c t  

f i r i n g  i n  c u r r e n t l y  o p e r a t i v e  c o a l  f i r e d  u t i l i t y  b o i l e r s  w a s  

s e l e c t e d .  T h i s  c h o i c e  r e c o g n i z e d  t h e  f o l l o w i n g  i s s u e s :  

a. A l t e r n a t e  end u s e s  c o u l d  be c l a s s i f i e d  as be ing  

l o c a t e d  " o f f  - f a r m 1 '  o r  "on-farm1' depending upon t h e  need f o r  

load ing-sh ipping-unloadi~ ig  0pe ra t i on . s .  Th i s  c h o i c e  5 s  t h u s  

r e p r e s e n t a t i v e  of any uIL-falTrn end u s c .  

b. Direct f i r i n g  f o r  e lec t r ica l  g e n e r a t i o n  s u p p l i e s  an  

e s t a b l i s h e d  community need which can  be  r e f l e c t e d  as a demand 

ba sed  upon a c t u a l  d a t a .  

c .  ~ e ~ l o ~ r n e n t  cou ld  b e  r a p i d ,  s i n c e  t h e  t e chno logy  o f  

f i r i n g  c r o p  r e s i d u e  i s  riot new. However  conve r s ion  o f  each  

p l a n t  would I ~ d v e  =kc, B e  cxaminad seydrl;ctrly. Rcsidue w a s  

t h u s  t r e a t e d  as a supp l emen ta l  f u e l  w i t h  t h e  p e l v e n t  

replac.err~ellL . tpea tcd  p a r a m e t r i c a l l y  w i t h  a nominal  v a l u e  o f  

2 0 % .  

d .  P l a n t s  are numerous, o c c u r  i n  v a r i o u s  s i z e s ,  and are 

p l a c e d  t h r o u g h o u t  t h e  s ta te .  T h i s  f u r c e d  t h e  a n a l y s i s  t o  

a c c e p t  a spec t rum o f  r e s i d u e  a v a i l a b i l i t y ,  e l e c t r i c a l  demands 

and  l o c a t i o n s .  

e .  The c u r r e n t  ene.rgy s o u r c e ,  c o a l ,  h a s  a wide v a r i e t y  

o f  c o s t s ,  r a n g i n g  from abou t  $ .  35 t o  o v e r  $2.00 p e r  l o 6  BTU, 

depend ing  upon .Llie p a r t i c u l a r  p1a.n-L. T h i s  r ange  s . l ,ggestcd a 



l oca l e -based  economic e v a l u a t i o n .  

f .  Residue supp ly  can be e s t i m a t e d  from a c t u a l  p a s t  

y i e l d s  i n  t h e  a r e a  rat he^ t h a n  i n f e r e n c e s  from more g e n e r a l  

d a t a .  However, s i n c e  t h e  e f f e c t  of  r e s i d u e  removal from t h e  

s o i l  i s  u n c l e a r ,  t h e  p e r c e n t  removed w a s  t r e a t e d  p a r a m e t r i c a l l y  

w i t h  a nominal v a l u e  o f  15%.  

T h i s  f o c u s  on a c u r r e n t l y  o p e r a t i o n a l ,  o f f - f a rm end-use a l s o  

s e rved  t o  o r g a n i z e  t h e  work i n t o  two p a r t s .  The f i r s t  i s  a n  

a n a l y s i s  o t  t h e  r e s i d u e  supply-energy demand s i t u a t i o n  on a 

p l a n t - c e n t e r e d  b a s i s .  Th i s  produced a n  average  s h i p p i n g  

d i s t a n c e  f o r  t h e  r e s i d u e  and provided a c u r r e n t  c o a l  c o s t .  

F e a s i b i l i t y  f o r  a g iven  p l a n t ,  t h e n  depends upon t h e  d o l l a r  

c o s t  and energy u s e  o f  o p e r a t i n g  t h e  s u p p o r t i n g  a c t i v i t i e s  

which c o l l e c t ,  compact, hand le ,  s h i p ,  s h r e d ,  e t c .  t h e  r e s i d u e  

as it .passes  from t h e  f i e l d  t o  i n s e r t i o n  i n t o  t h e  b o i l e r .  The 

deg ree  t o  which t h e  t o t a l  c o s t s  o f  t h e s e  s u p p o r t i n g  a c t i v i t i e s  

f a l l ' b e l o w  t h e  c u r r e n t  c o a l  c o s t  c o n s t i t u t e s  one measure of  

economic f e a s i b i l i t y .  Thus, t h e  second p a r t  i s  a systems s t u d y ,  

i n c o r p o r a t i n g  a f low model, which accounts  f o r  the d o l l a r  c o s t s  

and enkrgy u s e  o f  a n  e n t i r e  system o p e r a t i n g  i n  c o n c e r t  on a 

y e a r l y  b a s i s .  ~ v a l u a t i n ~  c o s t s  i n  such a "system", g i v e s  r i se  

t o  many i s s u e s  such as a l t e r n a t e  equipment s e l e c t i o n ,  a l t e r n a t e  

means ,of p a r t i t i o n i n g  t h e  system i n t o  s e c t o r s  w i t h  v a r i o u s  

managemenf schemes and p r o f i t  i n c e n t i v e s ,  and t h e  r o l e  o f  modi- 

f i c a t i o n s  a t  e x i s t i n g  p l a n t s .  A l l  t h e s e  i s s u e s  are addres sed  

i n  t h e  ' s tudy.  The r e s u l t s  a r e  twofo ld :  



1. P r e s e n t a t i o n  of a method of  f e a s i b i l i t y  a n a l y s i s  

which p rov ides  a means o f  uniform zssessment  o f  d o l l a r  c o s t s  

and energy use  of a l t e r n a t e  sys t ems .on  a l o c a l  l e v e l .  

2 .  A p p l i c a t i o n  of  t h e  method t o  examine t h e  f e a s i b i l i t y  

of d i r e c t  f i r i n g  c r o p  r e s i d u e s  s e l e c t e d  e x i s t i n g  power 

p l a n t s  i n  Minnesota.  

ENERGY DEMAND AND RESIDUE Sl.lPPT,Y 

The u t i l i t y  b o i l e r s  s e l e c t e d  inc luded  2 9  c o a l  f i r e d  u n i t s  which 

produce steam for e l e c t r i c  power gene ra t ion .  They ranged i n  

c a p a c i t y  from 5 . 3  x  10 '  t o  1 5  x  lo1'* BTU/year o f  i n p u t  energy.  

T h i s  r a n g e  cove r s  o p e r a t i o n s  u t i l i z i n g  about  1 t o n  o f  coa l /day  

t o  2 0 0 0  t o n s / d a y .  O p e ~ a t i o n a l  d a t a  f o r  1 9 7 4  w a s  o b t a i n e d ,  

i n c l u d i n g  t h e  c o a l  tonnage f i r e d  and i t s  h e a t i n g  v a l u e .  The 

p roduc t  o f  t h e s e  two f i g u r e s  r e p r e s e n t e d  t h e  BTU consumption 

and w a s  assumed t o  r e p r e s e n t  t h e  y e a r l y  "demand1' a t  a p l a n t .  

'Crop  r e s i d u e  w a s  conslderecl  a suyple~iielil-a1 fuel which r c p l a o e d  

a f r a c t i o n  of t h i s  demand. The exac t  f r a c t i o n  depends upon a 

number of  b o i l e r  cleperidenl t e c h n o l o g i c a l  f a c t o r s ,  and f o r  t h e  

l e v e l  of  f e a s i b i l i t y  be ing  i n v e s t i g ~ t e d ,  a r e p r e s e n t a t i v e  

nominal  v a l u e  of t h e  BTU replacement  f r a c t i o n  w a s  sough t .  The 

r e c e n t  p i l o t  o p e r a t i o n  of t h e  S t .  Louis-Union E l e c t r i c  p l a n t ,  

f i r e d  by a mix tu re  of c o a l  and shredded-separated municj.pal 

w a s t e ,  w a s  used as an analogy.  This  p l a n t  u s e s  up t o  2 0 %  

munic ipa l  was te .  Th i s  f i g u r e  w a s  c ~ i l i z e d  a s ' a  nominal f r a c t i o n  

o f  c r o p  r e s i d u e  as a supplementary f u e l  on a BTU b a s i s .  T h i s  

i s  2 c o n s e r v a t i v e  val-ue wi-th o-t-lle~.~ s i t u a t i o n s  u t i . l i z i r l g  .1.00% 



I r e s i d u e  . A l l  r e s i d u e  w a s  cons ide red  t o  have a h e a t i n g  v a l u e  

o f  16  x  l o 6  BTU/dry t o n  and c o n t a i n  15% moi s tu re  by weight .  

Each y e a r  t h e  Minnesota Department o f  A g r i c u l t u r e  p u b l i s h e s  t h e  

t i l l e d  a c r e a g e s  of c r o p s  a t  t h e  s t a t e w i d e ,  d i s t r i c t ,  county and 

2 township l e v e l s '  . The 1974 d a t a  f o r  t h e  seven l a r g e s t  c rops  w a s  

s e l e c t e d  as a b a s i s  f o r  e s t i m a t i n g  t h e  r e s i d u e  supply .  These 

i n c l u d e d  co rn ,  soybeans ,  wheat ,  r y e ,  o a t s ,  b a r l e y  and f l a x ,  which 

i n  t u r n  were c a t e g o r i z e d  i n t o  " l a r g e  g r a i n " ,  deno t ing  c o r n ,  and 

" s m a l l  g r a i n "  deno t ing  a l l  o t h e r s .  County l e v e l  f i g u r e s  f o r  t h i s  

s i n g l e  y e a r  were cons ide red  bo th  r e p r e s e n t a t i v e  o f  a t y p i c a l  

supp ly  and s u f f i c i e n t l y  d e t a i l e d  f o r  t h e  l e v e l  o f  f e a s i b i l i t y  

be ing  i n v e s t i g a t e d .  Crop r e s i d u e  y i e l d s  were e s t i m a t e d  from 

t h e  t i l l e d  acpeage us ing  t h e  v a l u e s  i n  F igu re  1, which r ange  

from . 3 7 8  t ~ n s / a c r e  f o r  flax t o  2.G for1  corn .  'I'hese f i g u r e s  

r e p r e s e n t  t h e  maximum pe r - ac re  supply ,  b u t  due to '  t h e  undetermined 

e f f e c t s  upon t h e  s o i l  o f  removal ,  v a r i o u s  removal r a t e s  were 

a l l o w e d , . w i t h  a nominal v a l u e  o f  15% o f  t h e  a v a i l a b l e  r e s i d u e  

used  f o r  t h i s  work. O p e r a t i o n a l l y ,  t h i s  means t h a t  on any 

g i v e n  a c r e a g e  involved  i n  r e s i d u e  c o l l e c t i o n ,  1 0 0  p e r c e n t  of 

t h e  a v a i l a b l e  r e s i d u e  w i l l  be removed frorn 15% o f  t h e  t i l l e d  

l a n d .  Changing t h e  c o l l e c t i o n  s e c t o r  each y e a r  a l l ows  f o r  a 

s i x  t o  s e v e n . y e a r  r o t a t i o n  scheme. 

S i n c e  t h e  c r o p  r e s i d u e  w a s  t o  be shipped t o  an o f f - f a rm l o c a t i o n ,  

t h e  d o l l a r  and energy c o s t  o f  t r a n s p o r t  had t o  be determined.  

A d e t a i l e d  i n v e s t i g a t i o n  o f  t h i s  q u e s t i o n  would i n v o l v e  t h s  



l o c a t i o n  of  e a c h  s h i p p i n g  o r i g i n  a ~ d  a n  examina t ion  of a l t e r n a t e  

o r i g in -power  p l a n t  r o u t e s .  T h i s  wzs deemed t o  be b o t h  a n  

unneces sa ry  l e v e l  of complex i ty  an<  i n a p p r o p r i a t e  f o r  t h e  l e v e l  

o f  f e a s i b i l i t y  b e i n g  e x p l o r e d .  The q u e s t i o n  w a s  s e t t l e d  by 

p resuming  t h e  t i l l e d  a c r e a g e  o f  each  c r o p  w a s  un i fo rmly  

d i s t r i b u t e d  t h r o u g h o u t  a coun ty .  Each coun ty  acre w a s  con- 

s i d e r e d  a " r e p r e s e n t a t i v e "  a c r e ,  c o n t a i n i n g  t h e  s a m e  t i l l e d  

p e r c e n t a g e  as i s  i n  t h e  c o u n t r y  as a whole,  and c h a r a c t e r i z e d  

by a r e s i d u e  d e n s i t y  i n  t e r m s  o f  t o n s  a v a i l a b l e  p e r  coun ty  

acre. For  example,  i f  2 0 %  o f  t h e  l a n d  i n  a coun ty  w a s  devo ted  

t o  c o r n ,  t h e  comvrl d e n s i t y  would b e  2 0 %  of t h e  v a l u e  i n  F i g u r e  

1, and t h i s  d e n s i t y  would be  f u r t h e r  modi f i ed  by t h e  removal  

ra te .  T h i s  g i v e s  a combined measure o f  r e s i d u e  q u a n t i t y  and 

c o n c e n t r a t i o n .  These  d e n s i t i e s  t h u s  depend upon t h e  c r o p ,  i t s  

t i l l e d  a c r e a g e  w i t h i n  a coun ty ,  t h e  t o t a l  coun ty  s i z e  and t h e  

r e s i d u e  remova l  ra te .  Figurle 2 surr , -ar izcs t h e  supply-demand 

d a t a  f o r  t y p i c a l  plant-cc.)ii.rl.ty cYop combina t ions  a t  va. r ious  

r e s i d u e  remova l  rates and supp1erne1l.L-dl f u e l  replacement 1eveJ.s.  

Sh ipp ing  c o s t s  are e s t i m a t e d  by ~ o n s i d e r l i n g  a pPu1l.L -Lu Ls thc 

o ~ i g i n  o f  a c i r c l e  su r rounded  by r c 2 r e s e n t a t i v e  a c r e s  o f  a 

p a r t i c u l a r  c o u n t y ,  and c o n ~ p u t i n g  a supp ly  r a d i u s ,  R .  r e p r e s e n t i n g  

t h e  maximum r a d i u s  of  i n f l u x  needed t o  s u p p o r t  t h e  demand on a 
- 

c o n t i n u a l  b a s i s .  The s h i p p i n g  r a d i x ,  R ,  i s  e s t i m a t e d  by 

compu-ting t h e  ave.r.a.ge s t r a i g h t  l i n ~  d i s - t a n c e  from t h e  0rig.i.n 

t o  any p o i n t  w i t h i n  t h e  supp ly  r a d i ~ s  and i s  g i v e n  b y F  = R/F. 
T h i s  a v c r a z e  s h i p p i n g  r a d - i ~ ~ . s  i s  usz2 i.n c o n j u n c t i o n  w i t h  a 



v a l u e  o f  cos t / t on -mi  t o  d e t e r m i n e  s h i p p i n g  expenses .  

F i g u r e  3 shows t h e  r e l a t i o n s h i p  between t h e  supp ly  r a d i u s ,  t h e  

demand, and t h e  r e s i d u e  d e n s i t y .  T h i s  f i g u r e  i n  c o n j u n c t i o n  

w i t h  F i g u r e  2 ,  c a n  be used t o  e s t i m a t e  t h e  supp ly  and s h i p p i n g  

r a d i i  f o r  v a r i o u s  p l a n t s ,  f u e l  repla 'cements and removal  rates.  

Fo r  example,  t o  supp ly  t h e  Fairmont p l a n t  w i t h  c o r n  r e s i d u e  

would r e q u i r e  a supp ly  r a d i u s  o f  abou t  9 m i .  w i t h  100% BTU 

r ep l acemen t  and 1 5 %  r e s i d u e  remova l ,  b u t  i t  would dec . rease  t o  

3 m i .  w i t h  100% removal .  Note t h a t  i f  d e n s i t i e s  are c o n s i d e r e d  

t o  r a n g e  up t o  t h e  v a l u e s  i n  F i g u r e  1, t h e n  F i g u r e  3 a p p l i e s  

t o  t h e  energy f a r m  c o n c e p t ,  where a f i r i n g  u n i t  i s  sur rounded  

by t i l l e d  ac r eage .  

FLOW MODEL: OVERVIEW 

A sys tem f low  model w a s  developed a s  a b a s i s  o f  a c c o u n t i n g  

f o r  t h e  d o l l a r  and energy  consumption a s s o c i a t e d  w i t h  each  

o p e r a t i o n  i nvo lved  i n  moving r e s i d u e  from t h e  f i e l d  t o  a 

b o i l e y .  The approach  assumed t h a t  r e s i d u e  i s  a v a i l a b l e  i n  t h e  
- , 

f i e l d  
. , 

af ter  c a s h  c r o p  h a r v e s t i n g  h a s  been completed.  The 

ef fect  o f . t h i ' s . s t a r t i n g  p o i n t  i s  t o  exc lude  t h e  d o l l a r  and 
. . 

energy  c o s t s  a s s o c i a t e d  w i t h  f i e l d  p r e p a r a t i o n ,  p l a n t i n g ,  
. . 

and c u l t i v a t i n g  of t h e  c r o p  t h a t  produces  t h e  r e s i d u e .  T h i s  

w a s  assumed t o  b e  a l e g i t j - m a t e  s t a r t i n g  p o i n t  as t h e s e  opera -  ~ 
t i o n s  are a l r e a d y  charged  a s  t h e  c o s t  of producing t h e  c a s h  ~ 
crop . .  , Also ,  t h e  approach o n l y  t a k e s  ' i n t o  account  t h e  energy  

r e q u i r e d  to,operating'-the,machines making up t h e  sys tem.  It  
'. . . . . 



does  n o t  account  f o r  t h e  energy r e q u i r e d  t o  . c o n s t r u c t  t h e  

machinery and p rov ide  b u i l d i n g  m a t e r i a l s ,  s i n c e  it w a s  d e s i r e d  

t o  de t e rmine  whether  i t  would be energy f e a s i b l e  t o  use  

e x i s t i n g  machinery i n  t h e  c o l l e c t i o n ,  t r a n s p o r t ,  and p roces s ing  

of  r e s i d u e s  f o r  u se  as f u e l .  The c rop  r e s i d u e s  were t r e a t e d  

i n  t h e  two p r e v i o u s l y  mentioned c a t e g o r i e s  o f  l a r g e  g razns  

( c o r n )  and s m a l l  grlains s i n c e  each  r e q u i r e  d i f f e r e n t  p roces ses  

t o  p r e p a r e  them f o r  c o l l e c t i o n ,  and equipment c a p a c i t y  i s  

d i r e c t l y  r e l a t e d  t o  t h e  arrioiinr of  rlesidue a v a i l a b l e  yen acre, 

which f o r  c o r n ,  ave rages  about  two arid one-half  t i m c ~  as much 

as t h e  s m a l l  g r a i n s .  

The f low model c o n s i s t s  of a sequence of a c t i v i t i e s ,  some o r  

a l l  of which a r e  r e q u i r e d  t o  remove t h e  r e s i d u e  from t h e  f i e l d  

and d e l i v e r  it t o  t h e  b o i l e r  i n  u s e a b l e  form. Ten p o s s i b l e  

s e q u e n t i a l  s t a g e s  were ic len- t i f i ed  as composing t h i s  sequence 

and a r e  shown i n  F igur le  4 as groupcd i n t o  three major  s e c t o r s .  

Within  each  s t a g e ,  t h e r e  are riullLer8ucis t y p e s  o f  equipment,  n r  

" o p e r a t i o n  b locks" ,  which cou ld  perform t h e  t a s k .  The numbers 

i n  p a r e n t h e s i s  i n d i c a t e - t h e  number of d i f f e r e n t  o p e r a t i o n  

b locks  a t  each  s t a g e .  A s  r e s i d u e  f lows through an o p e r a t i o n  

b lock ,  t h e r e  r e s u l t s  a consumption o f  energy and d o l l a r s  as 

measured i n  t e rms  o f  f u e l  c o s t  u s e ,  man-hours, twine  foo tage ,  

and inves tment  and ope ra - t i ona l  c o s t s  f o r  t h e  r e s p e c t i v e  

equipment.  For each o ? e r a t i o n  block ( 1 4 9  were i d e n t i f i e d ) ,  

t h i s  d a t a  was g a t h e r e d ,  and us ing  accep ted  means, w a s  conver ted  

t o  u n t t s  corlsumed p e r  t o n  o f  r e s i d u e  f low.  The o p e r a t i o n s  



cou ld  a l s o  a l t e r  t h e  form o f  t h e  r e s i d u e ,  which inc luded  

s m a l l  b a l e s ,  r o l l  b a l e s ,  t h r e e  s i z e s  o f  s t a c k s  and t h e  shredded 

form. It w a s  presumed t h a t  when t h e  r e s i d u e  l e a v e s  s t a g e  

1 0  and e n t e r s  t h e  b o i l e r ,  it had t o  be i n  t h e  shredded form. 

The t e rm " s t ~ a t e g y "  w a s  used t o  d e s c r i b e  a  p a r t i c u l a r  sequence 

o f  o p e r a t i o n  b l o c k s ,  one a t  each  s t a g e ,  and a s t r a t e g y  w a s  

e v a l u a t e d  by de t e rmin ing  t h e  t o t a l  d o l l a r  and energy c o s t s  

f o r  t h e  s imul taneous  o p e r a t i o n  o f  a l l  t h e  chosen b l o c k s .  

Obviously ,  t h e r e  a r e  numerous p o s s i b l e  s t r a t e g i e s ,  i n v o l v i n g  

va ry ing  deg rees  o f  l a b o r ,  energy and c a p i t a l  i n t e n s i t y .  The 

f low model format  provided a means f o r  i d e n t i f y i n g  and e q u i t a b l y  

comparing t h e  numerous s t r a t e g i e s ,  w i th  each o p e r a t i o n  b lock  

t r e a t e d  i n  t h e  same manner, and f a c i l i t a t i n g  bo th  t h e  c o l l e c -  

t i o n  o f  d a t a  and t h e  accoun t ing  o f  d o l l a r  and energy consumption.  

T h i s  l e v e l  of  f e a s i b i l i t y  i s  n e c e s s a r i l y  rough,  a v o i d i n g  such 

i t e m s  as h a r v e s t  s c h e d u l i n g ,  manpower and equipment a v a i l a b i l i t y ,  

and weather  e f f e c t s ,  b u t  i f  a system i s  no t  f low f e a s i b l e ,  it 

i s  u s e l e s s  t o  e x p l o r e  t h e s e  f u r t h e r  d e t a i l s  o f  t h e  day t o  

day o p e r a t i o n .  The model does  i n c l u d e  s t o r a g e  a c t i v i t i e s ,  bo th  

on t h e  f a r m  and a n  e x p l i c i t l y  c o n s t r u c t e d  s t o r a g e  f a c i l i t y  

a t  t h e  power p l a n t .  

FLOW MODEL: DETAIL,S 

T h i s  s e c t i o n  d e s c r i b e s  t h e  manner i n  which energy u s e  and 

d o l l a r  c o s t s  were determined i n  t h e  v a r i o u s  o p e r a t i o n  b locks .  



I n d i v i d u a l  Opera t ions  

The a c t i v i t i e s  o f  each s t a g e  can  be accomplished i n  a v a r i e t y  

of ways depending on t h e  machinery used wi th  a t o t a l  o f  1 4 9  

d i f f e r e n t  o p e r a t i o n s  being i d e n t i f i e d .  Each b lock  i n  one s t a g e  

cannot  n e c e s s a r i l y  i n t e r a c t  w i t h  a l l  t h e  o t h e r s  i n  t h e  fo l lowing  

s t a g e  s i n c e  d i f f e r e n t  forms of  r e s i d u e -  a r e  produced by t h e  

v a r i o u s  a v a i l a b l e  c o l l e c t i o r i  n~ach ine ry .  I t  w a s  neces sa ry  t o  

moni tor  t h e  forms because t h e i r  s t o r a g e  and hand l ing  charac-  

t e r i s t i c s  d i f f e r  acco rd ing  t o  s i z e  and densfry which are 

o u t l i n e d  i n  F i g u r e  5 .  Within each s t a g e ,  (except  s t o r a g e ) ,  

each  o p e r a t i o n  b lock  w a s  t r e a t e d  as a flow element which could 

t r a n s f o r m  t h e  form o f  t h e  r e s i d u e  and consume r e s o u r c e s .  

F i g u r e  6 shows t h e  g e n e r a l  f low mo3el used f o r  each o p e r a t i o n  

b lock .  Four c o e f f i c i e n t s  were a s s s z i a t e d  w i t h  each b lock ,  

i n d i c a t i n g  t h e  amount of f u e l ,  twine ,  man-hours, and ownership 

c o s t  t h a t  a r e  . r e q u i r e d  t o  support t  -the f low. 

Flow C o e f f i c i e n t  Ueterminat ion 

Ownership c o s t  w a s  c a l c u l a t e d  u s i n g  accepted methods of  t h e  

3 ASAE , and w a s  composed o r  t h r e e  p z r t s :  d e p r e c l a t i m ,  f i x e d  

c o s t s ,  and maintenarice and r e p a i r .  S t r a i g h t  l i n e  d e p r e c i a t i o n  

o v e r  t h e  l i f e  o f  t h e  machine i n  hoz r s  was used w i t h  a s a l v a g e  

v a l u e  of  ze ro  assumed. Fixed c o s t s  were: i n t e r e s t  on t h e  

remaining v a l u e ,  i n s u r a n c e ,  t a x e s ,  and housing f o r  t h e  

macliinery. T o t a l  l i f e  v a l u e  o f  t h c s e  f i x e d  c o s t s  was assumed 

to.  be  6 per c e n t  o f  t h e  purchase  p r i c e  of  t h e  machine. 



Repa i r  and maintenance c o s t s  were c a l c u l a t e d  as p e r  Reference 

3 .  The r e s u l t  o f  addi'ng t h e s e  t h r e e  c o s t s  t o g e t h e r  w a s  a 

d o l l a r s  p e r  machine-hour c o s t  o f  ownership.  A consequence of 

b a s i n g  t h e  c o s t  on t h e  u s e f u l  l i f e  o f  t h e  machinery i s  t h a t  an 

ownership  c o s t  i s  o n l y  i n c u r r e d  i f  t h e  equipment i s  a c t i v e .  

The f u e l  consumptions ,  i n  g a l l o n s  p e r  machine hour ,  o f  

a p p r o p r i a t e l y  s i z e d  power s o u r c e s  w i t h i n  t h e  o p e r a t i o n  b locks  

were t a k e n  from Nebraska T r a c t o r  Tes t  ~ a t a ~ ,  and machine-hours 

p e r  t o n  and man-hours p e r  t o n  were computed under t h e  f o l l o w i n g  

assumpt ions .  

1. A s  a s t a t e w i d e  ave rage ,  s m a l l  g r a i n  h a r v e s t i n g  

o p e r a t i o n s  r e s u l t  ' in  win'drows o f  r e s i d u e  spaced 1 3 . 5  f e e t  

c e n t e r - t o - c e n t e r .  

2. The f a s t e s t  way to process corn residue for  collec- 

t i o n  w a s  t o  chop up t h e  s t a l k s  u s ing  a r o t a r y  c u t t e r  and 

t h e n  r a k e . t h e c h o p p e d  m a t e r i a l  i n t o  windrows. 

" 3 .  Stackwagons can  c o l l e c t  t h e  c o r n  res-idues as l e f t '  

by . t h e  h a r v e s t i n g  o p e r a t i o n .  

5 
4. '  ' S i n g l e - u n i t  t r u c k s  were. r e a l i z e d  9 . 3 6  mpg , maximum 

t r a c t o r ,  r oad  speed w a s  1 5  mph, and maximum t r u c k  road  speed 
. . . 

w a s  4'0 mph. 

5.  ~ a c h i n e r ~  f i e l d  o p e r a t i n g  speeds  and f i e l d  e f f i c i e n c i e s  

were ave rages  t a k e n  from Reference  3 .  

The i n t e r a c t i o n s  of f i e l d  speed ,  f i e l d  e f f i c i e n c y ,  windrow 

.width ,  and t o n s  o f  r e s i d u e ,  p e r  a c r e  combined t o  g i v e  a measure 
. . . . .  

of  t h e  number of  machine hours  p e r  t o n  r e q u i r e d  t o  cap ry  o u t  
. : ,  

. .  . . . .  



t h e  a c t i o n  of a p a r t i c u l a r  o p e r a t i a n  b lock  f o r  t h e  s t a g e s  o f  

P r e c o l l e c t ,  C o l l e c t  and R e t r i e v e .  For t h e  o t h e r  o p e r a t i o n  

b l o c k s ,  excep t  t h o s e  i n  s t a g e  6  (Skip)  t h e  i n t e r a c t i o n  o f  

a v e r a g e  d i s t a n c e  t r a v e l e d ,  ave rage  l o a d  c a r r i e d ,  and average 

speed  combined t o  g i v e  a measure of r e q u i r e d  machine-hours p e r  

t o n .  The l a b o r  r equ i r emen t ,  i n  man-hours/ton w a s  computed from 

t h e  machine-hours / ton requi rement  2nd t h e  number o f  men r e q u i r e d  

t o  handle  t h e  machlnes and m a t e r i a l  produced. The f u e l  con- 

sumption,  i n  g a l l o n s  p e r  machine-hcar and t h e  ownership c o s t s ,  

i n  d o l l a r s  p e r  machine-hour, were c : ~ l t i p l i e d  by t h c  a p p r o p r i a t e  

machine-hours per t o n  f i g u r e  f o r  t h a t  b lock  t o  a r r i v e  a t  a 

g a l l o n s  p e r  t o n  and a d o l l a r s  p e r  i o n  c h a r a c t e r i s t i c .  . 

For  s h i p p i n g ,  s t a g e  6 ,  c o e f f i c i e n t s  were developed i n  terms o f  

u n i t s  p e r  ton-mi le  by d i v i d i n g  t h e  v a r i o u s  parameters  ( $ / h r . ,  

g a l / h r . ,  e t c . ) .  by t h e  average  r o a d  speed and average  l o a d  i n  

t o n s  o f  t h e  equipment composing t h e  o p e r a t i o n  b lock .  Actua l  

d o l l a r  and energy consumption t h e n  u t i l i z e d  t h e  average  sh ipp ing  
- 

r a d i u s ,  R ,  f o r  a p a r t i c u l a r  s i t e .  

Two t y p e s  o f  s t o r a g e  f a c i l i t i e s  wers c o n s i d e r e d :  s i l o  s t o r a g e  

and f l a t  s u r f a c e  s t o r a g e ,  each i n c c r r i n g  an ownership c o s t .  

The s i z e  o f  s t o r a g e  w a s  determined from t h e  number of  days 

supp ly  of  r e s i d u e  t h a t  were t o  be i n v e n t o r i e d  which w a s  t aken  

as 9 0  days .  The c o s t  p e r  t o n  of a  s p e c i f i e d  t y p e  and s i z e  of  

s t o r a g e  f a c i l i t y  w a s  determined us lng  t h e  c o n s t r u c t i o n  c o s t ,  

280 



a 2 0  y e a r  l i f e t i m e  and t h e  r e s i d u e  f low.  

EXCLUSIONS 

During model c o n s t r u c t i o n ,  c e r t a i n  i t ems  were cons ide red  f o r  

i n c l u s i o n  and subsequen t ly  e i t h e r  d i s c a r d e d  o r  t r e a t e d  j.n an  

i n d i r e c t  manner. 

Drying and Transshipment 

No r e s i d u e  d r y i n g  o p e r a t i o n  was i n c l u d e d ,  s i n c e  c o l l e c t e d  

r e s i d u e  w a s  assumed t o  c o n t a i n  o n l y  1 5  t o  2 0  p e r  c e n t  mois ture .  
I 

1 T h i s  i s  low enough s o  t h a t  p i l e  h e a t i n g  and s p o i l a g e ,  bo th  o f  

which r e s u l t  i n  a d e g r a d a t i o n  o f  t h e  r e s i d u e  BTU c o n t e n t ,  a r e  

n e g l i g i b l e .  I n  a d d i t i o n ,  t h i s  mo i s tu re  c o n t e n t  p r e s e n t s  no 

problems f o r  g r i n d i n g  o r  f i r i n g  t h e  r e s i d u e  i n  t h e  b o i l e r .  

The p r e s e n t l y  a v a i l a b l e  g r i n d i n g  equipment, t h e  c h a r a c t e r i s t i c s  

o f  which were used i n  t h e  model, a r e  a l l . d e s i g n e d  t o  normal ly  

o p e r a t e  on materials w i t h  t h i s  mo i s tu re  c o n t e n t .  Also ,  low 

g r a d e  c o a l  can  r u n  as h i g h  as 30 t o  4 0  p e r  c e n t  m o i s t u r e  and 

c o a l  o f  t h i s  t y p e  i s  r o u t i n e l y  f i r e d  wi thou t  problems. 

No t r ans sh ipmen t  a c t i v i t y  w a s  i nc luded  as a l l  t h e  s h i p p i n g  

r a d i i  were s m a l l .  It w a s  dec ided  t h a t ,  c o n s i d e r i n g  t h e s e  

s h o r t  d i s t a n c e s  ( u s u a l l y  l e s s  t h a n  1 3  m i l e s ) ,  t h e  d o l l a r  and 

energy c o s t s  o f  two more hand]-i-ng o p e r a t i o n s ,  l o a d i n g  t o  an 

un load ing  from t h e  t r a n s s h i p p i n g  v e h i c l e s ,  would more t h a n  

o f f s e t  any s a v i n g s  r e a l i z e d  by u t i l i z i n g  a more e f f i c i e n t  mode 

o f  t r a n s p o r t a t i o n .  



B o i l e r  Mod i f i ca t ion  Costs  

F igu re ,  4 shows t h a t  s t a g e s  1 - 7  a r e  r e q u i r e d  t o  c o l l e c t  and 

d e l i v e r  res idue .  t o  a power p l a n t  and s t a g e s  8-10 occu r  a t  t h e  

p l a n t .  There  i s  one more s t a g e  which i s  n o t  e x p l i c i t l y  con- 

s i d e r e d ,  b u t  c e r t a i n l y  p l a y s  a r o l e :  B o i l e r  Mod i f i ca t ions .  

T h i s  r e f e r s  t o  a n  amort ized f i rs t  c o s t  and p o s s i b l y  an  opera- 

t i n g  c o s t  o f  performing t h e  m o d i f i c a t i o n s  neces sa ry  t o  adap t  

a b o i l e r  t o  t h e  f i r i n g  of r e s i d u e  a s  a supplementary f u e l .  

T h i s  on ly  i n c l u d e s  m o d i f i c a t i o n s  t o  t h e  b o i l e r  i t s e l f ,  s i n c e  

s t a g e s  8-10 account  f o r  t h e  a t - p l a n t  p r e p a r a t o r y  o p e r a t i o n s  

o f  un load ing ,  s t o r i n g  and shredding-blowing t h e  r e s i d u e .  

Thus,  two c a t e g o r i e s  of p o s s i b l e  mod i f i ca t ions  a t  t h e  p l a n t  

were d e f i n e d :  

P l a n t  Mod i f i ca t ions ,  which r e f e r s  t o  a l l  changes needed 

a t  a p l a n t  i n  o r d e r  t o  u se  r e s i d u e  as a supplemental  f u e l .  

These m o d i f i c a t i o n s  i n c l u d e  t h e  a c t i v i t i e s  o f  s t a g e s  8 ,  9 ,  1 0 ,  

d e a l i n g  w i t h  un load ing ,  s t o r i n g ,  and g r i n d i n g ,  and b o i l e r  

m o d i f i c a t i o n s .  

B o i l e r  Mod i f i ca t ions ,  which r e f e r s  on ly  t o  neces sa ry  

changes t o  t h e  b o i l e r  i t s e l f .  

O r i g i n a l l y ,  it w a s  i n t ended  t o  e s t h a t e  t h e  b o i l e r  modif i -  

c a t i o n  c o s t s ,  bu t  t h e  uniqueness  of each b o i l e r  i n s t a l l a t i o n  

f o i l e d  an a t t e m p t  t o  c a t e g o r i z e  the u n i t s  on a "needed modif i -  

ca. t ioris" b a s i s  w i t h i n  t h e  t ime  frar.r,s. Of c o u r s e ,  f i r i n g  r e s i -  

due i s  n o t  new technology ,  b u t  a s s e s s i n g  mod i f i ca t ion  c o s t s  i s  

an  i n d i v i d u a l  ma t t e r  f o r  each b o i l e ~ ~ .  Modi.fications coulcl 



r u n  from v i r t u a l l y  n i l  i n  a cyc lone  t y p e  b o i l e r  t o  c u t t i n g  

i n t o  t h e  s i d e ,  s e a l i n g  some wa te r  p i p e s ,  s e t t i n g  up c o n t r o l s ,  

e tc .  The e x c l u s i o n  of such c o s t s  does  n o t  imply t h a t  t h e y  

were n e g l e c t e d .  F o r t u n a t e l y ,  t h i s  w a s  t h e  on ly  o p e r a t i o n  t h a t  

cou ld  riot be c o s t e d  on a uniform b a s i s ,  s o  as w i l l  be d i s c u s s e d  

s h o r t l y  i f  a s t r a t e g y  i s  termed "system f e a s i b l e " ,  it w i l l  

imply t h a t  a supp ly  o f  funds  i s  a v a i l a b l e  on a y e a r l y  b a s i s  

which cou ld  be a l l o c a t e d  t o  b o i l e r  m o d i f i c a t i o n s .  

Management and P r o f i t  

The a b i l i t y  t o  a s s e s s  t h e  e n t i r e  o p e r a t i o n  r a i s e s  i s s u e s  

as t o  t h e  manner i n  which t h e  d o l l a r  c o s t s  were e s t a b l i s h e d .  

Cons ider ing  t h e  system a s  a whole, many ' types  of  management 

schemes a r e  p o s s i b l e ,  from a f u l l y  i n t e g r a t e d  system w i t h  a 

sir igPe o r g a n f z a t i o n  d i r e c t i n g  a l l  t h e  s t a g e s  o f  a c t i v i t y  t o  

a t  l e a s t  t h r e e  i n d i v i d u a l  e n t r e p r e n e u r s  d i r e c t i n g  t h e  On Farm, 

Shipp ing  and P l a n t  s e c t o r s  r e s p e c t i v e l y .  Fur thermore,  t h e  r o l e  

o f  p r o f i t  i n c e n t i v e  may v a r y ,  from an i n t e g r a t e d  c o r p o r a t i o n  

v iewpoin t ,  t o  t h e  t h r e e  e n t r e p r e n e u r s ,  o r  a c o o p e r a t i v e ,  

which i s  f a m i l i a r  i n  many r u r a l  a r e a s .  I n  t h e  s e t t i n g  o f  
. 

t h e s e  d ive r s ' e  management schemes, t h e  accoun t ing  scheme used 

h e r e i n  focused  o n l y  on t h e  d o l l a r  c o s t s  'needed t o  own and 

o p e r a t e  t h e  v a r i o u s  a l t e r n a t i v e  systems.  Cos t s  a r e  i n c u r r e d  

f o r  l a b o r ,  f u e l ,  tw ine  and equipment ownership i n c l u d i n g  

d e p r e c i a t i o n ,  f i x e d  c o s t s  and maintenance.  There  w a s  no 

v a l u e  added t o  any o p e r a t i o n  which would r e f l e c t  a d d i t i o n a l  

economic i n c e n t i v e  o r  manager ia l  expenses .  Thus t h e  c o s t  



f i g u r e s  o b t a i n e d  r e p r e s e n t  t h e  a c t u a l .  d i r e c t  c o s t s  t o  own 

and o p e r a t e  a p a r t i c u l a r  s t r a t e g y  on a d o l l a r s / y e a r  b a s i s .  

EXPLICIT MEASURES OF ECONOMIC FEASLBILITY 

Two measures o f  economic c o s t  f e a s i b i l i t y  a r e  cons ide red ;  

one t reats  a "system1' as i n c l u d i n g  o n l y  s t a g e s  1 - 7 ,  compris ing 

t h e  On Farm and Shipping s e c t o r s .  The a s s o c i a t e d  c o s t / t o n  

o f  r e s i d u e  would be t h e  as d e l i v e r e d  c o s t  t o  t h e  door  o f  t h e  

power p l a n t .  I f  t h i s  were less t h a n  a n  e q u i v a l e n t  BTU amount 

o f  c o a l ,  t h e  a s s o c i a t e d  system i s  termed Del ivery  F e a s i b l e .  

T h i s  v iewpoin t  t reats a l l  associated powez7 p l a n t  cos-ks as 

" o u t s i d e "  t h e  system,  l e t t i n g  any r s q u i r e d  m o d i f i c a t i o n s  

become t h e  concern  of t h e  p l a n t .  Thus, t h e  d i f f e r e n c e  

between t h e  c o s t / t o n  o r  r e s i d u e  and an  e q u i v a l e n t  amount o f  

c o a l ,  m u l t i p l i e d  by t h e  r e s i d u e  throughput  would y i e l d  a 

d o l l a r / y e a r  v a l u e  t h a t  cou ld  be d i s t r i b u t e d  as an i n c e n t i v e  

among the Or1 Fd~liil aiid Shipping s e c t o r s ,  and uccd t o  fund t h e  

n e c e s s a r y  m o d i f i c a t i o n s  t o  the p l a n t .  

Another measupe i s  System F e a s i b i l i t y ,  which d e s c r i b e s  t h e  - 

s i t u a t i o n  when a l l  t h e  s t a g e s ,  1 - l C ,  y i e l d  a c o s t / t o n  v a l u e  

t h a t  i s  less t h a n  a n  BTU e q u i v a l e n t  amount o f  c o a l .  I n  t h i s  

c a s e ,  t h e  c o s t  d i f f e r e n c e  would prloduce a revenue t o  be d i s -  

t r i b u t e d  bo th  as an i n c e n t i v e  t o  ezch s e c t o r  and supply  fund ing  

f o r  on ly  b o i l e r  m o d i f i c a t i o n s ,  s t n c ?  t h e  p l a n t  m o d i f i c a t i o n s  

o f  s t a g e s  8-10 a r e  a l r e a d y  inc luded  i n  t h e  c o s t .  Obviously 

a s t r a t e g y  t h a t  i s  Systeru F e a s i b l e  . . r i l l  be De l ive ry  F e a s i b l e ,  

b u t  no-t n e c e s s a r i l y  v i c e  vel>sa. 



It w a s  r e c o g n i z e d  t h a t  t h e s e  measures  o f  f e a s i b i l i t y  do n o t  

produce c l e a r - c u t  recommendations,  b u t  it must be acknowledged 

t h a t  w i t h  many p o s s i b l e  management schemes, and w i t h  v a r i o u s  

views on t h e  u t i l i t y  o f  energy  p r o d u c t i o n  and s u p p l y ,  t h e r e  i s  

room f o r  a d i v e r s i t y  o f  o p i n i o n  as t o  t h e  r o l e  o f  monetary 

i n c e n t i v e .  Also ,  t h e  r e s p o n s i b i l i t y  f o r  p l a n t  m o d i f i c a t i o n s  

may be  l e g i t i m a t e l y  viewed as "ou ts ide1 '  t h e  energy  supply  

sys tem.  For  t h e s e  r e a s o n s ,  t h e  f e a s i b i l i t y  measures employed 

focused  o n l y  on a c t u a l  c o s t s  which must be i n c u r r e d .  A 

f e a s i b l e  sys tem i n  t h i s  i n t e r p r e t a t i o n  i s  t h e n  one which makes 

a v a i l a b l e  a y e a r l y  f l ow  o f  funds  produced by t h e  d i f f e r e n c e  

between t h e  c u r r e n t  c o s t  o f  c o a l  and a n  e q u i v a l e n t  amount o f  

r e s i d u e .  These f u n d s  cou ld  be used t o  p rov ide  i n c e n t i v e s  

a t  v a r i o u s  s t a g e s  i n  a sys tem and t o  make a p p r o p r i a t e  modi f i -  

c a t i o n s  a t  a p l a n t .  Whether o r  n o t  t h e s e  funds  a r e  indeed  

s u f f i c i e n t  depends  upon t h e  v a r i o u s  e n t r e p r e n e u r i a l  a c t o r s  i n  

a sys t em and t h e  c u r r e n t  s i t u a t i o n  a t  a power p l a n t .  Obviously 

a c o o p e r a t i v e  management scheme f o r  a s m a l l  p l a n t  may f i n d  t h e  

funds  s u f f i c i e n t ,  b u t  t h e  same sys tem,  o p e r a t e d  by a sequence 

o f  i n d i v i d u a l  e n t r e p r e n e u r s  w i t h  d i f f e r e n t  economic i n c e n t i v e s  

may n o t .  N a t u r a l l y ,  a s t r a t e g y  t h a t  makes more funds  a v a i l a b l e  

i s  r e a l i s t i c a l l y  p o t e n t i a l l y  "more f e a s i b l e 1 ' ,  s o  t h i s  v iewpoin t  

does  p r o v i d e  a means o f  comparing a l t e r n a t e  s t r a t e g i e s  on t h i s  

b a s i s ,  

RESULTS 

The f o l l o w i n g  summarizes t h e  r e s u i t s  o f  a p p l y i n g  t h i s  method 

o f  f e a s i b i l i t y  a n a l y s i s  t o  s e l e c t e d  c o a l  f i r e d  p la r l t s  i n  



Kinneso ta .  Of  t h e  2 9  p l a n t s  cons ide red ,  t h o s e  wi th  a y e a r l y  

energy  consumption below 2.5 x  1 0 1 2  BTU/year and l o c a t e d  i n  

"farming a r e a s r 1 ,  cou ld  be  s u p p l i e d  w i t h  2 0 %  supplemental  f u e l  

u s i n g  15% of a l l  a v a i l a b l e  r e s i d u e  from an  a r e a  w i t h i n  a  1 3  

m i l e  r a d i u s  o f  t h e  p l a n t .  With 1 0 0 %  f u e l  and 15% removal, t h e  

r a d i i  do n o t  exceed 2 9  m i l e s .  T h i s  s u g g e s t s  t h a t  t r a n s s h i p -  

ment i s  unneces sa ry ,  and a l s o  t h a t  supply o f  f u e l  i s  

p o s s i b l e .  

T h i r t y - e i g h t  (38 )  a l t e r n a t e  s t r a t e g i e s  were examined, encom- 

pa.ss ing t h e  forms o f  s m a l l  b a l e s ,  r o l l  b a l e s  ands ' t acks ,  and 

s p l i t  among two r e p r e s e n t a t i v e  power p l a n t s .  F i f t e e n  (15 )  

d i f f e r e n t  c o r n  s t r a t e g i e s  were r u n ,  based on t h e  Red Wing p l a n t  

and 2 4  d i f f e r e n t  s m a l l  g r a i n  s t r z t e g i e s  were r u n ,  based on t h e  

Crookston p l a n t .  The parameter  v a l c e s  used i n  a l l  c a s e s  a r e  

~ h o w n i n  F i g u r e  7 ,  and t h e  ave rage  supply  r a d i i  were under  

1 0  m i l e s ,  A s  a n  example of t y p i c a l  s t r a t e g y ,  -. . Figure  8  shows 

t h e  d e t a i l e d  o p e r a t i o n  b locks  f o r  a r o l l  b a l e  o p e r a t i o n .  This  

fo rmat  i l l u s t r a t e s  t h e  d i s t r i b u t i o n  of f u e l ,  l a b o r ,  tw ine  and 

c a p i t a l  on  a pe r - ton  b a s i s .  F igu re  9 summarizes t h e  cost and 

energy  f lows  a s s o c i a t e d  wi th  t h e  y e z r l y  o p e r a t i o n  on a s e c t o r  

by s e c t o r  b a s i s .  

S i m i l a r  a n a l y s e s  were performed f o r  a l l  s t r a t e g i e s  and F igu res  

1 0  and 11 summarize t h e  c o s t  and f u a l  u s e  f o r  t h e  c o l l e c t i o n -  

d e l i v e r y  s t a g e s  (1-7) and t h e  syste::. wide o p e r a t i o n  (1-10) .  

Each p o i n t  r e p r e s e n t s  a d i f f e r e n t  s ' ra tegy,  wi th  -the prev?ous 



one  denoted by p o i n t  A .  Cost s c a l e s  a r e  shown i n  d o l l a r s / t o n  

o f  r e s i d u e  and d o l l a r s / m i l l i o n  BTU, assuming 16 x l o 6  BTU/dry 

t o n  and 1 5 %  moi s tu re .  The d e l i v e r y  system c o s t / t o n  ranged 

from $4.67 t o  $10.17 and t h e  d e l i v e r y  system c o s t / t o n  ranged 

from $7.75 t o  $14.55. System wide energy consumption w a s  

always l e s s  t h a t  4% o f  t h e  p o t e n t i a l  h e a t  energy con ta ined  i n  

t h e  15% moi s t  r e s i d u e .  I n  t e rms  o f  f u e l  consumption,  t h e  

d e l i v e r y  ~ y s t e m  u s e  r a n g e d  from 1 . 1 9  t o  2 . 8 9  g a l / t o n .  The 

system w i d e  fi..~.e.l. consumption ranged from 2.17 t o  4.16 g a l / t o n .  

Exhaus t ive  s e a r c h e s  among a l l  s t r a t e g i e s  were n o t  a t t empted ,  

s o  p a t t e r n s  shou ld  no t  be i n t e r p r e t e d  t o o  r i g i d l y ,  bu t  c e r t a i n  

c u r s o r y  o b s e r v a t i o n s  can be made from t h e  d a t a  c l u s t e r s .  

R o l l  b a l e  systems r e s u l t  i n  lowes t  c o s t  wh i l e  s m a l l  b a l e  sys -  

tems g i v e  t h e  h i g h e s t  c o s t s .  S t ack  systems are used more 

e t i i c i e n t l y  with t11e 11ighe1.7 d e n s i t y  co rn  r e s i d u e .  

CONCLUSIONS 

A method o f  accoun t ing  f o r  d o l l a r  and energy c o s t s  o f  a l t e r n a t e  

combinat ions  o f  o p e r a t i o n s  t o  suppor t  t h e  c o l l e c t i o n ,  sh ipp ing  

and p r e p a r a t i o n ' o f  r e s i d u e  f o r  f i r i n g  w a s  developed and a p p l i e d  

t o  r e p r e s e n t a t i v e  u t i l ' i t y  b o i l e r s  i n  Minnesota.  The metho'd 

t r e a t e d  each  a c t i v i t y  as a f low element  which could  consume 

l a b o r ,  t w i n e ,  f u e l  and ownership c o s t s  on a per - ton  b a s i s .  

Year ly  f l ows  werbe cons ide red  w i t h  a 1 5 %  r e s i d u e  removal r a t e  

and i t s  use as a supplemental  f u e l  supplying 2 0 %  o f  t h e  BTU 

consumption a t  a p l a n t .  Ten s e p a r a t e  s t a g e s  o f  a c t i v i t i e s  were 

i d e n t i f i e d ,  each performing a  d i f f e r e n t  f u n c t i o n ,  and t h e s e  



were grouped i n t o  t h e  t h r e e  s e c t o r s  o f  On Farm, Shipping and 

P l a n t .  The a n a l y s i s  u t i l i z e d  a ur?<form means o f  account ing ,  

s o  comparisons could  be made bo th  zrnong' t h e  d i f f e r e n t  s t r a t e -  

gies and among t h e  d i f f e r e n t  s e c t o r s .  Energy use  and d o l l a r  

c o s t s  f o r  v a r i o u s  s t r a t e g i e s  were summarized g r a p h i c a l l y .  

The methodology i s  of importance i 2  i t se l f  s i n c e  t h e  s ' i t u a t i o n  

i s  n o t  unique t o  c r o p  r e s i d u e  u t i l i z a t i o n .  The i s s u e s  r a i s e d  

i n  this app l  < c a t i o n  and t h e i r  r c a u l u t i o n ,  wi.L;?l.i.n a. f r a m e w o ~ k  

o f  r ea l i s t i c  assumpt ions  and unifu-rn a n a l y s i s ,  a r e  t h u s  

p r o t o t y p i c a l  of a r e s p o n s i b l e  f e a s ! : h i l i t y  a n a l y ~ i s  r equ i r ing  

t h e  e q u i t a b l e  e v a l u a t i o n  of a l t e r n c t e  t e c h n o l o g i e s  i n  an  

environment o f  r e g i o n a l l y  i n f l u e n c z d  supply  and produc t  demand. 

For  example, F i g u r e  3 can g i v e  a n  s s t i m a t e  f o r  sh ipp ing  r a d i i  

under  a v a r i e t y  o f  c i r c u m s t a n c e s ,  due t o  t h e  f l e x i b l e  manner 

i n  which d e n s i t y  can be i n t e r p r c t e d ,  and Fig,urle 10 can app1.y 

t o  any end u s e  where r e s i d u e  i s  be ing  s ~ ~ p p l  i p d  to an  o f f - -  

f a r m  s i t e  under t h e  p r e v i o u s l y  g ivsn  supply-demand c o n d i t i o n s .  

S p e c i f i c  r e s u l t s  werle g iven  f o r  t y ? i c a l  s i z e d  p l a n t s ,  and it 

w a s  shown t h a t  when cons ide red  on 2 per -year  f low b a s i s ,  t h e  

c o s t  o f  owning and o p e r a t i n g  a system which s u p p l i e s  l o c a l  

r e s i d u e  t o  a p l a n t  cou ld  be compe t i t i ve ,  e s p e c i a l l y  wi th  

s e l e c t e d  r o l l  b a l e  equipment. The lowest  c o s t  s t r a t e g y  i n c u r r e d  

c o s t s  o f  $0.34 p e r  l o 6  BTU f o r  r e s t 3 u e  d e l i v e r e d  t o  t h e  p l a n t  

( s t a g e s  1.-7) and $0.57 f o r  a syste:. wide o p e r a t i o n  ( s t a g e s  1 -10 ) .  



Such systems a r e  e f f i c i e n t  energy u s e r s ,  consuming on ly  

2%-4% o f  t h e  energy p o t e n t i a l  i n  t h e  r e s i d u e .  

The c o s t  f i g u r e s  compare f a v o r a b l y  wi th  t h e  $.35-$2.00 p e r  1 0  6 

6 BTU r a n g e  f o r  c a a l .  A d i f f e r e n c e  i n  c o s t  o f  $0.10/10 BTU 

t r a n s l a t e s  i n t o  $1 .36 / tonJ  s o  t h e s e  f i g u r e s  can  be used t o  

de t e rmine  t h e  a v a i l a b l e  r e t u r n s  on a r e s i d u e  f low b a s i s .  For 

example, a c u r r e n t  c o a l  c o s t  o f ,  say  $1. 5 0 / 1 0 6  BTU, compared t o  

t h e  system wide c o s t  o f  a t y p i c a l  corn  s t r a t e g y  u s i n g  s t a c k  

wagons o f  $0.  75/106 BTU would y i e l d  a d i f f e r e n c e  o f  $10.20/ ton 

o v e r  and above t h e  l a b o r ,  f u e l ,  ownership and maintenance 

c o s t s .  S ince  t h e  c o s t s  c o n s i d e r e d  d i d  n o t  i n c l u d e  a p r o f i t  

a t  any s t a g e ,  a n  e n t r e p r e n e u r i a l  c o s t  no r  b o i l e r  m o d i f i c a t i o n  

c o s t s ,  t h e  d i f f e r e n c e  cou ld  be u t i l i z e d  f o r  t h e s e  purposes .  

* .. The methodology p r o v i d e s  a means o f  viewing t h e s e  a s p e c t s  i n  

p e r s p e c t i v e  and i d e n t i f y i n g  t h e i r  p rope r  r o l e  i n  a f e a s i b i l i t y  

d e t e r m i n a t i o n .  

However, it i s  w e l l  t o  remember t h a t  such a system does  pay 

f o r  i t s e l f  i n  t e rms  o f  l a b o r ,  f u e l ,  twine ,  equipment and main- 

t enance .  Also ,  one must acknowledge t h a t  some s t a f f  a t  t h e  

p l a n t  a r e  a l r e a d y  doing o r d e r i n g  and schedu l ing  o f  f u e l  

sh ipments ,  and s o  a dimension o f  t h e  management i s  be ing  

accomplished.  R e a l i s t i c a l l y ,  wh i l e  one may n o t  become weal thy 

6 
w i t h  such  a system when c o a l  c o s t s  a r e  below around $1.00/10 , 
a. breakeven o p e r a t i o n  could  be env i s ioned .  And, it cou ld  have 



c e r t a i n ,  non-economic a s p e c t s ,  szcI-. as l o c a l  o f f - s e a s o n  

employment o p p o r t u n i t y ,  l o c a l  c o a p e r a t i v e  management, and 

meet ing  a l o c a l  energy need wi th  a l o c a l  r e s o u r c e ,  which 

would l e s s e n  t h e  dependence upon t h e  v a g a r i e s  o f  t h e  o u t s i d e  

energy  market .  'Such a system cou ld  p rov ide  a v i a b l e  a l t e r n a -  

t i v e  t o  d e p l e t i n g  f u e l  s u p p l i e s  an5  a means o f  encouraging 

community involvement .  
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CROP 
RESIDUE, TONS/ 

T I L L E D  ACRE 

Soybeans 

Corn 

Wheat 

RY e 

Oats 

Barley 

Flax 



DEMAND ( l o 6  BTU1/YEAR] 

20% 60% 100% 
PLANT COUNTY REPLACEMENT REPLACEMENT REPLACEMENT 

ALEXANDRIA WUGLAS 15,220 k5,660 76,102 

BLUE EARTH FAIRBAULT 17,260 51,778 86,297 

BENIDJI  ST BELTRAMI 36,000 108,000 180,000 

CROOKSTON POLK 98,428 295,285 492,142 

ELK RIVER SIIERBURNE 189,344 568,000 946,720 
h J  
\O 
& 

FhIRHONT MART1 N 48,40C. 145,200 242,000 

f CRGUS FALLS OTTERTAIL 1,949,18€ 5,847,560 9,745,932 

2ORN DENSITY t TONS/COUNTY ACRE ) 

15% 30% 100% 
REMO'IED W O V E D  REMOVED 

,048 .095 .318 
, 

,130 ,259 ,864 

.0005 .0010 .0031) 

,006 ,012 .039 

.040 ,079 ,264 

. l ' t 5  ,290 ,966 

,034 ,068 ,227 

.091 ,182 ,608 

.089 ,178 ,595 

F E D  WING 
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,087 .175 .583 

.194 .389 1.298 

.002 .005 .016 

.063 .166 .553 
- 

.054 . l o 8  .363 

.204 .'+lo 1.365 

,067 .135 .448 

all6 .232 .774 

U 4  -227 .758 

GOODHUE 
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118,332 354,998 591,663 
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P r e c o l l e c t  3 
+- Corn ( 3 )  
--- - - 

.- .- 

POWER PLANT SECTOR 1 

Res idue  
- 

O N  FARTI SZCTOR ' 

S t a g e  3 

31 Retrieve.# 

(26 )  

* 
S t a g e  2 

C o l l e c t  

(24 

- 

- * 

DESCRIPTION OF STAGES 

PRECOLLECT: Prepare l o o s e  res idi i .e  t o  a, f o ~ m  s u i t a b l e  t o  b e  
p i cked  up by a b a l e r  o r  s tackwagon.  

COLLECT : P i c k  up l o o s e  ~ ~ e s i d u e  from t h e  f i e l d  and c r e a t e  
b a l e s  o r  compacted stacks. 

RETRIEVE : S t a c k  resi.rll.le packa.ges fnr  l a t e r  p i ckup  or, pick up 
b a l e s  o r  s t a c k s  from f i e l d  f o r  t r a n s f e r  t o  f a r m s t e a d .  

TRANSFER TO FARM: Move b a l e s  o r  compacted s t a c k s  t o  t h e  farm- 
s t e a d ,  url load,  and s t a c k .  

LOAD : Load r e s i d u e  o n t o  l o n g  h a u l  s h i p p i n g  equipme.nt. 
SHIP: T r a n s f m  r e s i d u e s  f~ lom farm t o  p l a c e  of use .  
UNLOAD : Unload r e s i d u e  i n t o  s t o r a g e  f a c i l i t y  o r  o n t o  

dumping ground.  
PROCESS FOR STORAGE: P r e p a r e  r e s i d u e s  f o r  s t o r a g e .  
STORAGE : S p e c i f y  s i z e  cf  ~ e s i d u e  i n v e n t o r y  and  t y p e  o f  

s t o r a g e  f a c . i l i t y . t o  be  used.  
PROCESS FOK FIRING: P r e p a r e  r e s i d u e  f o r  i n j e c t i o n  i n t o  b o i l e r  

f e e d  sys tem.  

I I J. 

- 

Stag'e 1 0  

P r o c e s s  f o r  
F i r i n g  

( 3 )  

r--- --7 

'S;kage 8 'Stage' 9 

o P r o c e s s  f o r  
4, 

S t o r a g e  S t o r a g e  

C6 (4  
A 

S t a g e  4  

T r a n s f e r  
t o  Farm 

( 1 4 )  

I 
Y 

I 

S' 

= 

SHTPPING SZCTOR 

1 * 

Sta'ge 7 'St'age 6 S t a g e  5 

Unload S h i p  Load 

( 2 4 )  ( 2 2 ) .  (23) 

, 4 A * .  

1 

c 



FORM AVERAGE S I Z E  

AVERAGE 
WEIGHT 

( l b s  

AVERAGE TWINE 
DENSITY USAGE 
( l b / f t 3 )  ( f t /ba le )  

S h r e d d e d  --________...____ --- 3.5 --- 
S m a l l  B a l e  

R o l l  B a l e  

3 T o n  S t a c k  

. . 
6  T o n  S t a c k  

8 T o n  S t a c k  

1 4 "  x 18" x 4 2 "  

6 '  dia x 5 '  long  



Fuel 
(gak/ton) 

Ownership Cost 
($/ton> 

(f=/ton) 
Twine 

t 

(man-hbs/ton') 
Labor 

ton residue -- 

OPERATTON BLOCK 

ton residue > 

i 
f o.rm ' ! 

4 
'form' 



Residue energy value 

Residue moisture content 

Tons of residue/tilled acre 

Residue removal rate 

Cost of twine 

Cost of labor 

Cost o f  fuel 

BTU fraction supplemented 

Storage inventory at plant 

16,000,000 BTU/dry ton 

15% 

Figure '1 

15% af available 

$3.57/1000 ft 

$2.50/hour 

$,50/gallon 

20% 

90 days 
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I. I n t r o d u c t i o n  

The P r a t t  Problem 

P r a t t ,  Kansas i s  a  medium-to-small s i z e d  c i t y ,  t h e  county s e a t  of P r a t t  
county,  l o c a t e d  i n  t h e  sou th  c e n t r a l  p a r t  of Kansas a b o u t - 8 0  m i l e s  west of 
Wichi ta .  The approximate 6500 P r a t t  c i t i z e n s  depend, p r i m a r i l y ,  on t h e i r  
municipally-owned e l e c t r i c  gene ra t i ng  p l a n t  and, s econda r i l y ,  on an i n t e r -  
connec t ion  w i t h  t h e  Western Power D iv i s ion  of t h e  Cen t r a l  Telephone U t i l i t i e s ,  
f o r  t h e i r  e l e c t r i c a l  s e r v i c e .  The p re sen t  approximately 25 MWe p l a n t  i s  f u e l e d  
w i t h  n a t u r a l  gas ,  a n d . f u e 1  o i l  i s  used a s  a  back-up f u e l  source .  

Fue l  supply f o r  P r a t t  ha s  n o t  been a  problem u n t i l  r e c e n t  y e a r s  when they ,  
l i k e  many o t h e r  l a r g e  n a t u r a l  gas  u s e r s ,  have experienced nagging i n t e r r u p t i o n s  
i n  s e r v i c e .  I n  f a c t ,  P r a t t  o f f i c i a l s  have been a l e r t e d  t o  t h e  f a c t  t h a t  a  con- 
t i n u i n g  supply of n a t u r a l  gas  w i l l  n o t  be  a v a i l a b l e .  The back-up f u e l  supply 
i s  expensive and l i k e l y  s u p p l i e s  w i l l  be unava i l ab l e  o r  s c a r c e  i n  t h e  n e a r  
f u t u r e .  Also buying bu lk  power from o t h e r  u t i l i t i e s  is  j u s t  too  expensive 
because of t h e  long d i s t a n c e  between P r a t t  and any "secure" e l e c t r i c a l  gene ra t i ng  
p l a n t .  Therefore ,  P r a t t  o f f i c i a l s  must f i n d  f u e l  s u p p l i e s  w i th  which t o  main- 
t a i n  t h e i r  e l e c t r i c a l  gene ra t i ng  independence. Options a r e  l i m i t e d  w i th  a  
convers ion  t o  c o a l  being t h e  most obvious: However, renewable energy source  
o p t i o n s  should be c a r e f u l l y  s t u d i e d  b e f o r e  a  committment is  made. 

Kansas, a  Wheat S t a t e  

Kansas fa rmers  p l a n t  about  11 m i l l i o n  a c r e s  p e r  year  t o  wheat,  from which 
they  produce about  350 m i l l i o n  bushe l s  of wheat annual ly .  Wheat i s  ve ry  impor- 
t a n t  t o  t h e  Kansas economy. While p re sen t  v a r i e t i e s  of wheat a r e  no t  very  
e f f i c i e n t  biomass producers ,  w e  e s t i m a t e  t h a t  a t l e a s t  an average  of 20 pounds 
of wheat s t r aw  per  bushe l  of wheat can be removed f o r  o t h e r  u se s  wi thout  s e r i o u s l y  
impact ing s o i l  c o n d i t i o n s ,  i . e . ,  d e p l e t i n g  humus, promoting more water  evapora t ion ,  
o r  promoting more wind e ros ion .  

*Primary funding f o r  t h i s  s tudy  was provided by t h e  Ozarks Regional Commission. 
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Kansas, Rich i n  Renewable Energy Sources 

Kansas is r i c h  i n  renewable energy sources .  For example, Kansas r e c e i v e s  
d a i l y  s o l a r  energy which i s  about 3.5 t imes i t s  t o t a l  annual  energy requi rements ,  
i . e . ,  3.2 x  10" Btu from s o l a r  energy a r e  rece ived  d a i l y  and about 0.9 x  1015 
Btu of v a r i o u s  energy types  a r e  consumed annual ly .  Add i t i ona l ly ,  i n  about  5  
hours  of average  wind cond i t i ons ,  Kansas r e c e i v e s  t h e  equ iva l en t  of i t s  annual  
energy requirements  i n  t h e  form of wind energy. Of t h e  s o l a r  energy rece ived  
annual ly  a t  l e a s t  5% of t h e  annual  energy requirements  of Kansas a r e  s t o r e d  i n  
I '  removable" wheat s t raw.  With t h e  development of new v a r i e t i e s  of wheat and new 
farming techniques ,  we could e a s i l y  i n c r e a s e  t h i s  percentage t o  25% t o  50% of 
our  energy needs.  There a r e ,  of course ,  o t h e r  c rops  which produce r e s i d u e s  
capable  of being used a s  an  energy source ;  some a r e  much more e f f i c i e n t  a t  
biomass product ion  than  i s  wheat. For example; Kansas-grown sorghum can pro- 
duce annua l ly  about  17 tons  o f  biomass pe r  a c r e ,  most capable  of being removed; 
c o n t r a s t  t h i s  t o  t h e  0 .3  t on  of removable wheat s t r a w  produced annua l ly  per  
a c r e .  

P r a t t  Fuel  Options 

North of P r a t t ,  about  5  m i l e s ,  i s  a  35,000 h e a d . f e e d l o t ,  which produces 
annual ly  a  minimum of 50,000 tons  of burnable  r e f u s e .  This  m a t e r i a l  is  capable  
of producing about  30% of t h e  average  e l e c t r i c a l  needs of P r a t t ' s  c i t i z e n s .  
Add i t i ona l ly ,  t h e  c i t i z e n s  of P r a t t  produce an average  amount of municipal  r e f u s e  
and sewage s ludge .  These m a t e r i a l s  a r e  probably a b l e  t o  produce about  5% of 10% 
of P r a t t ' s  t o t a l  e l e c t r i c a l  needs. 

Any f u e l  o p t i o n s  i n q u i r y  must recognize  t h e  e x i s t e n c e  of compe t i t i ve  markets  
f o r  t h e  v a r i o u s  energy r e sou rces .  Coal must be ob ta ined  i n  d i r e c t  compet i t ion  
w i t h . o t h e r  f u e l  purchasers .  Cont rac t  n e g o t i a t i o n s  a r e  g e n e r a l l y  keen and r e q u i r e  
cons ide rab l e  s k i l l ,  e s p e c i a l l y  when high-Btu, low-sulfur  c o a l  i s  under considera-  
t i o n .  The use of s o l a r  energy r e q u i r e s  a  s u b s t a n t i a l  investment  by t h e  i n d i v i d u a l  
u s e r s .  I n  f a c t ,  Pennsylvania  Power and Light  who shared  r e c e n t l y ,  v i a  E l e c t r i c a l  
World, exper iences  of t h e i r  i n s u l a t i o n  and energy use e f f i c i e n c y  improvement pro- 
gram i n d i c a t e  t h a t  a f t e r  a  proper  upgrading of t h e  b u i l d i n g  envelope and hea t ing  
system a modest s o l a r  system would r e q u i r e  between 53 and 67 yea r s  t o  payback v i a  
reduced energy c o s t s .  The system they d e s c r i b e  would c o s t ,  by t h e i r  e s t i m a t e s ,  
between $6,250 and $10,000. There a r e  no c e n t r a l  s t a t i o n  s o l a r  o r  wind s y s t e m s ,  
commercially a v a i l a b l e .  Wind systems f o r  i n d i v i d u a l  homes a r e  e s t ima ted  t o  c o s t  
even more than  s o l a r  systems f o r  i n d i v i d u a l  homes. Thus, t h e  d o l l a r s  used f o r  
t h e s e  systems a r e  unava i l ab l e  f o r  o t h e r  uses .  

Wheat s t r aw  can be  used a s  a  s o i l  amendment, an animal  f eed ,  o r  f o r  o t h e r  
u s e s ,  such a s ,  a  f eeds tock  f o r  t h e  product ion  of paper  o r  pharmaceut ica l s .  Other 
a g r i c u l t u r e  c rops  (sorghum, co rn ,  e t c . )  have a  s i g n i f i c a n t  b e n e f i t  a s  an  animal  
feed .  Feedlo t  manure has  v a l u e  a s  a  s o i l  amendment. A t  p r e s e n t  municipal  r e f u s e  
and sewage s ludge  a r e  n o t  used and, i n  f a c t ,  p r e sen t  d i s p o s a l  problems. 

Hence, a l l  energy o p t i o n s  involve  compromises. Tough d e c i s i o n s  must be  
made by energy s u p p l i e r s  and consumers-! 



11. The P r a t t  System Options 

F igure  1 is  a  schematic  of t h e  v a r i o u s  o p t i o n s  which were cons idered  i n  
t h i s  f e a s i b i l i t y  s tudy .  

Study Conclusions 

1. Wheat s t r aw  and o t h e r  c rop  r e s i d u e s  a s  w e l l  a s  muncipal r e f u s e  and f e e d l o t  
manure can be used e f f e c t i v e l y  t o  r e p l a c e  f o s s i l  f u e l s  i n  t h e  gene ra t i on  
of e l e c t r i c i t y .  Wheat s t r a w  was measured t o  have an energy con ten t  of 
about  7000 Btu pe r  pound wi th  about  7% mois ture .  

2. There i s  enough wheat s t r a w  around t h e  c i t y  of P r a t t ,  Kansas t o  provide  
f o r  p a r t i a l  replacement  of f o s s i l  f u e l s .  W e  recommend a  b o i l e r  designed 
t o  o p e r a t e  w i t h  80% c o a l  and 20% wheat s t r aw ,  on a  Btu b a s i s .  

3 .  The e x i s t i n g  steam t u r b i n e s  and g e n e r a t o r s  can be  used w i t h  on ly  a  new 
f u r n a c e / b o i l e r  system requ i r ed .  ' t h i s  system would c o s t  approximately 
$5,000,000. 

4. The c o s t  of wheat s t r a w  ( f o r  f i e l d  o p e r a t i o n s  and t r a n s p o r t a t i o n  t o  t h e  
b o i l e r )  i s  e s t ima ted  from f i e l d  tests t o  range  between $25 t o  $35 per  ton 
f o r  l a r g e  round b a l e s  and s t a c k s .  

5 .  The n u t r i e n t  v a l u e  of t h e  whea t . s t r aw  i s  only  about 2% of t h e  energy 
a v a i l a b l e  i n  t h e  wheat s t raw.  

6 .  The wheat s t r a w  can be removed from t h e  f i e l d s ,  p r e s c r i p t i v e l y ,  t o  n~iniu~ize 
t h e  impact of wind e ros ion .  We recommend t h a t  a l l  f i e l d s  be  modeled and 
t h a t  t h e  model be used t o  i n d i c a t e  how much wheat s t r a w  can be removed 
b e f o r e  wind e ros ion  becomes of o v e r r i d i n g  concern. 

1 .  'Lhe r e s u l t s  of a  survey of a r ea  farmers  i n d i c a r e d  many (622 of  ehnse 
r e t u r n i n g  t h e i r  q u e s t i o n n a i r e s )  were unwi l l ing  t o  s e l l  t h e i r  wheat s t r aw  
r e s idue .  We k e e l  t h e  r e s u l t s  a r e  ques t i onab le  and recommend a  more compre- 
hens ive  and d e t a i l e d  survey be  conducted. 

8. Product ion  of b iogas  (wi th  a n  energy con ten t  of about  170 B tu / sc f )  through 
t h e  g a s i f i c a t i o n  of f e e d l o t  manure o r  crop r e s i d u e  i s  t e c h n i c a l l y  f e a s i b l e .  
A 20 MW e l e c t r i c  gene ra t i ng  p l a n t  based on manure feed t o  produce b iogas  
was t he  most economically a t t r a c t i v e  g a s i f i c a t i o n  system f o r  P r a t t .  Th i s  
r equ i r ed  f e e d l o t  manure t o  be  a v a i l a b l e  from an a r e a  w i t h i n  a  40 mi l e  
r a d i u s  of P r a t t .  The c a p i t a l  c o s t s  f o r  t h i s  system were es t imated  t o  be 
about  $12,000,000. 

3. The wet o x i d a t i o n  of f e e d l o t  manure i s  t e c h n i c a l l y  f e a s i b l e  f o r  p r ehea t ing  
b o i l e r  feed water ,  b u t  t h e  energy obta ined  from t h i s  p rocess  i s  no t  cheap. 

, Our a n a l y s i s  shows t h a t  t h e  t o t a l  c a p i t a l  c o s t  would be about  $6,000,000 
and t h e  equ iva l en t  c o s t  of energy (with a  load f a c t o r  of 50% f o r  t h e  P r a t t  
system) would be about  $5.50 p e r  mil l ' ion Btu. 
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111. Recommended System for Pratt 

Opt ions Re j ec t ed 

While technically feasible, the'manure/residue gasification system, the 
wet oxidation boiler water preheat system, as well as direct combustion of 
municipal refuse and sewage sludge were too expensive. Hence, these processes 
were not recommended for commercialization at Pratt. 

Wheat Straw Availability 

Critical to thc practicality o f  the use of wheat straw as a replacement 
boiler fuel i s  the availability of wheat straw and the ability to collect, con- 
solidate, and deliver the wheat straw at an economically competitive price to 
the boiler site. Thereare about 4.67 x 10' pounds of removable wheat straw 
(based on 1970-1975 average crop production statistics) within the five counties 
near Pratt, i.e., Pratt, Stafford. Ktngman, Kiowa, and Barber counties. This is 
about 3.27 x 10'' Btu per year of enough LU supply about 2.5 times t h e  e l ~ c r r i c a l  
nerils of the Pratt system (at an average connected load of 11 MWe and 25% thermal 
efficiency). 

Survcy of Farmers 

The optimism of these calculations is dimmed somewhat by survey results 
which indicated only about 38% of the ared farmers would sell their wheat straw 
for use as a boiler fuel. While these farmers could provide nearly all the 
energy needs (about 95% of the required 1.32 x 1012 Btu per year), we feel that 
only a portion of this material will be needed for the system we recommend (one 
fired with 80% coal and 20% wheat straw, by Btu content). These results notwith- 
standing we feel from comments made by area people, the use of wheat straw as a 
boiler fuel (and for other possible energy needs) will be more successfully 
received then the survey p~rdicts. Thc rccults are probably more indicative 01 
our naivetg in surveying farmers than their reticence cu sell surplus whcat etraw. 

Environmental Impact n f  Wheat Straw Removal -. e .-.". 

There will be slight environmental effects involved in the removal of the 
wheat straw from the land. We ~ecoimcnd a prcocriptive approach to i t s  removal, 
i.~., nri.1.y the amount should be removed as can be justified based on the accepted 
wind erosion model of the Soil Conservation Service. This model 'includes che 
following variables: soil erodibility, soil roughness, climatic factors, un- 
sheltered distances, and soil vegetative cover. Farmers in the Pratt area 
practice several wheat farming techniques. Of these methods, first year 
harvesting followed by second year summer fallowing will probably not allow 
residue removal; depending on soil type and land management techniques (tillage 
methods, principally) as much as one third of the residue can be removed with a 
minimum of soil loss to wind erosion for other wheat farming methods. We definitely 
recommend that great care be exercized in contracting for and removal of residue. 
Farmers who view rheir surplus wheat straw as n new cash crop should work 
cooperatively with Pratt city officials and soil conservationists to develop a 
removal prescription and land management system to protect their land. 



Nutrient Removal and Net Energy Balances 

The subjects of nutrient removal and net energy balances were also addressed 
as environment concerns. We estimate one thousand pounds of wheat straw con- 
tains about seven pounds of nitrogen, one and two thirds pounds of phosphate, and 
twenty two and a half pounds of potash. When the straw is burned most of the 
nitrogen is returned to the atmosphere to course the nitrogen cycle again. A 

small amount of the phosphate is destroyed; the remainder of the phosphate as well 
as the potash remain in the ash and can be returned to the land. We estimate the 
nitrogen can be replaced in the soil by anhydrous ammonia using about 2.3% of the 
energy available in the removed wheat straw, and this can be done for about $0.66 
per acre. We estimate for all energy inputs compared to the energy available from 
the removed straw that a gain of a factor of about 19 is accomplished, i.e., for 
each unit of energy used to harvest, collect, and transport the wheat straw to a 
boiler about 19 units of thermal energy are released. 

Costs of Wheat Straw 

To determine the costs involved in harvesting, consolidating, and trans- 
porting the wheat straw to the boiler, we conducted two series of actual field 
tests, in the summers of 1975 and 1976. In these tests three consolidation 
methods were tested on wheat straw which was windrowed by a slightly modified 
combine harvester. The modification consisted only of altering the spread of 
the wheat straw, which was processed through the combine (about 15%-33% of the 
total whe,at stubble), into windrows instead of the normal uniform pattern. We 
collected about 56 tons of this processed wheat straw from about 108 acres by 
rectangular and large round bales as well as the large stack process. 

Some difficulty was experienced in the collection phase due to heavy rains 
and high winds. Our experience indicates 0.442, 0.506, and 0.647 man-hours per 
ton of wheat straw are required for consolidation and stacking by the fields' 
edge for the stacks, round bales, and rectangular bales, respectively. Each of 
the consolidation methods has disadvantages: 1) stacks are low density, require 
experience in consolidation to prevent stack break-up, and special equipment is 
needed to move the stacks to the field's edge; 2) rectangular bales required 
special bale placement for transport to the field's edge and off-setting the bales 
to the ground requires a special technique; 3) round baling equipment experiences 

I frequent maintenance problems and special equipment is needed to transport the 
I bales to the field's edge. 

I In the cost analysis we assumed all straw would be collected within a three 
week period near harvest time and was stored near the field's edge until needed 

I at the boiler. The total depreciation of the equipment was charged against the 
1 

straw collection. The consolidation and transport to the field's edge ranged 
from about $17 per ton for the stacks, $29 per ton for the round bales, and $31.50 
per ton for the rectangular bales. For the stacks and round bales and trans- 
porting 10 miles to 40 miles (from field's edge to boiler) we estimated the 
delivered cost of the wheat straw at about $25 per ton ($1.80 per million Btu),, 
to about $35 per ton ($2.50 per million Btu), exclusive of any payments to the 
farmer for the straw. We consider a 40 mile range to be a maximum distance to 
remain competitive wit11 low-sulLur, high-Btu delivered coal (a price of about 
$35 per ton has been estimated for the coal). 



Wheat Straw Storage 

There were some weathering problems; however, most of the collected straw 
withstood six to twelve months of field-edge storage,.. Both round and rectan- 
gular bales are not as susceptible to weathering as are the stacks. We need 
energy content data as a function of weathering conditions and time of storage. 
In most instances,we feel farmers will require a storage fee as well as a 
payment for the straw. 

CauLiuu abuuL Es~111laLed Custs 

Finally, we feel the costs which we estimated are probably somewhat 
high because we paid custom rates and dealt in small acreages. Also some of 
the operators were not as experienced as desired. We feel Pratt officials 
could lower these costs by proper contracts or ownership and operation of the 
consolidation and transportation system. 

Combustion Properties of Wheat Straw 

In our tests, wheat straw was measured to c o n t a i n  about 7000 Btu per 
pound at a moisture content of about 7%. We were unable to perform a proximate 
analysis, but we feel wheat straw is qliite low (less than 5%) in ash. .Sulfur 
emissions as we'll as nitrogen oxides should present almost insignificant problems. 
The method of combustion of wheat straw i's apparently quite diffe'rent from that 
of coal: Coal burns slowly via out-gassing, surface combustion; wheat straw appears 
to spontaneously ignite with little out-gassing. 

Furnace/Boiler System Options 

We investigated two principal furnace/boiler systems: 1) a fluidized-bed 
combustion system and 2) a stoker/over-firing system. Although we conducted 
combustion tests in a fluidized-bed system in Idaho, we feel these systems will 
be unavailable commercially in sizes needed for Pratt in the near fut~~re. There- 
fore we recommend a stoker/over-firing system which will use coal as the principal 
fuel (80% on a Btu basis) with wheat straw suspension-fired over t h e  coal bed 
after being entered into the furnace pnuematically. We estimate an installed cost 
for this stoker system (35 MWe capacity) exclusive of steam turbine and generator 
to bc opproximatcly $5,000,000. 

IV. Conclusions 

The use of biomass in the form of wheat straw and other agricultural 
residue and wastes such as cattle manure, sewage sludge, and municipal refuse 
can be used as replacement fuel for steam systems. We estimate the cost of 
wheat straw to be competitive with low-sulfur, high-Btu coal delivered to Pratt. 
There is enough wheat straw available around Pratt and the straw can be'removed 
'prescriptively from the land with minimal impact. Equipment is currently 
available to harvest, consolidate, and deliver the wheat straw to the boiler 
site. At this time Pratt officia1.s are. deliberating on the funding possibilities 
for the construction of this system. 



For  t h e  f u t u r e ,  we b e l i e v e  t h e  f u r a n c e / b o i l e r  w i l l  be  a b l e  t o  be  f u e l e d  
t o t a l l y  w i t h  biomass.  The wheat s t r a w  may have t o  be p e l l e t i z e d  t o  reduce  t h e  
vblume and t o  i n c r e a s e  i t s  d e n s i t y .  We b e l i e v e  a n a l y s e s  a r e  needed t o  d e t e r m i n e  
t h e  f e a s i b i l i t y  of u s i n g  t h e  condenser  h e a t  f o r  d i s t r i c t  h o t  w a t e r  h e a t i n g .  A 
c a r e f u l  s t u d y  i s  needed of t h e  p o s s i b i l i t i e s  f o r  b l e n d i n g  h i g h - s u l f u r  c o a l  w i t h  
low-su l fu r  c o a l  and wheat s t r a w  f o r  b o i l e r  f u e l .  New v a r i e t i e s  o f  wheat need t o  
b e  developed which can produce h i g h  q u a l i t y  g r a i n s  and l a r g e r  q u a n t i t i e s  o f  
removable biomass f o r  energy  s o u r c e s .  We s e e  p r e s e n t  e f f o r t s  a t  deve lop ing  
cottonwood t r e e s  and o t h e r  biomass c r o p s  on m a r g i n a l  l a n d  i n  Kansas as a v e r y  
p romis ing  s o u r c e  o f  energy.  C e r t a i n l y  s o l a r  and wind energy w i l l  e v e n t u a l l y  
assume a n  i m p o r t a n t  p o s i t 2 o n  a s  energy  r e s o u r c e s  f o r  P r a t t  c i t i z e n s .  
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A Progress Report 

Direct Combustion of Crop Residues in Boiler Furnaces 

b y  

Wesley F. Buchele* 

Research was conducted on converting the energy value of cornstalks 
to useful Iorms of energy by burning cornstalks as a companion fuel with 
high-sulfur coal in boilers of electrical generating plants. The corn- 
stalks were harvested in t h e  f a l l  ~f 1975  nnil hurnad Jur111g April 1376. 
The value of cornstalks was compared with that of coal; costs of.collect- 
ing, transporting and processing were calculated. 

Introduction: ----- 

Since the OPEC boycott of petroleum in the fall of 1973, the world 
has become acutely aware that: 

1. The world petroleum supply (oil and natural gas) is finite. 

2. The major portion of the world's petroleum supply is owned 
by foreign nations. 

3. The continuous supply of petroleum is by no means assurred. 

4. The peLroleum (a petrochemical feed stock) was being wasted 
cln low-priority uses s u c l ~  as: 

a. healing and cooling buildings, 
b. gelierating electricity, 
c. removing water from materials,.and 
d. powering transport v~htcles over land and water suilaces. 

The effect of the United States Environmental Protection Agency regula- 
tlons began to be felt in this country at approximately the same time: 

1. Stack emissions of existing coal.-burning lurnaces could con- 
tain no more 3 lb. of sulfur per million BTU's of heat 
generated. 

* I'rofessor of Agricultural Engineering, Iowa State University, Ames, 
Iowa. 



2 .  The "compl iance  c o a l "  burned i n  new coa l -burn ing  f u r n a c e s  t h a t  
burn  more t h a n  250 m i l l i o n  BTU p e r  hour  cannot  r e l e a s e  more 
t h a n  1.2 l b .  of  s u l f u r  p e r  m i l l i o n  BTU. 

The r e s u l t s  o f  t h e s e  two EPA r e g u l a t i o n s  were t o  r e d u c e  d r a s t i c a l l y  
t h e  n a t i o n ' s  r e s e r v e  o f  u s a b l e  c o a l  and t o  s h i f t  t h e  demand f o r  c o a l  
from t h e  e a s t e r n  c o a l  f i e l d s  t o  t h e  w e s t e r n  c o a l  f i e l d s .  

To meet t h e  f i r s t  r e g u l a t i o n ,  Iowa c o a l  ( 4  t o  6% s u l f u r )  must b e  mixed 
w i t h  Wyoming c o a l  ( 0 . 8 % . s u l f u r )  t o  produce a  b u r n a b l e  m i x t u r e  i n  f u r n a c e s  
and b o i l e r s  of  e x i s t i n g  e l e c t r i c a l  g e n e r a t i n g  p l a n t s .  Compliance c o a l ,  
w i t h  l e s s  than  0 .5% s u l f u r , i s  found main ly  i n  t h e  w e s t e r n  c o a l  f , i e l d s ,  
.and even much of t h a t  c o a l  must be r u n  th rough  a  b e n e f i c i a t i o n  p l a n t  t o  
b r i n g  i t  i n t o  compl iance  -. w i t h  s t a n d a r d s  f o r  new p l a n t s .  

S i n c e  t h a t  f a t e f u l  f a l l ,  e f f o r t  h a s  been  expended on a  wide  f r o n t  
toward d e v e l o p i n g  methods of u t i l i z i n g  renewable  energy  r e s o u r c e s  such  
a s  wind,  s o l a r  and c r o p  r e s i d u e s .  L i t t l e  e f f o r t ,  however, h a s  been ex- 
pended i n  r e c o n s i d e r i n g  r e g u l a t i o n s  passed  i n  more i d e a l i s t i c  t i m e s .  

Buchele (1973) and Green (1975) c a l c u l a t e d  t h e  q u a n t i t y  of  c r o p  r e s i d u e  
biomass ( t h a t  n o t  h a r v e s t e d  o r  t h a t  r e j e c t e d  by t h e  combine h a r v e s t e r )  
and found t h a t  t h i s  m a t e r i a l  r e p r e s e n t e d  one of  t h e  major  unused energy  
r e s o u r c e s  of  t h e  n a t i o n .  The n a t i o n ' s  f a r m e r s  expend c o n s i d e r a b l e  t i m e ,  
money and energy b u r y i n g  t h i s  c r o p  r e s i d u e  w i t h  a  plow. 

Buchele and Green reasoned  t h a t  t h e  c r o p  r e s i d u e  c o n t a i n i n g  0.06% 
s u l f u r  cou ld  be burned a s  a  companion f u e l  w i t h  h i g h - s u l f u r  c o a l .  T h i s  
would make p o s s i b l e  t h e  u s e  of  r e s i d u e  grown n e a r  s t eam-genera t ing  f u r -  
n a c e s  and m a t e r i a l l y  i n c r e a s e  t h e  q u a n t i t y  of  c o a l  t .hat can b e  burned.  

Buchele  (1975) d i s c u s s e s  t h e  need t o  l e a v e  one t o n  o f  c r o p  r e s i d u e  i n  
t h e  f i e l d  d i s t r i b u t e d  on t h e  s u r f a c e  of  t h e  s o i l  t o  p r o t e c t  t h e  s o i l  f rom 
wind and w a t e r  e r o s i o n .  The u s e  of c o n s e r v a t i o n - t i l l a g e  sys tems .  i n c l u d -  
i n g  p l a n t i n g  c r o p s  on g raded  r i d g e s ,  was recommended t o  p r o t e c t  t h e  s o i l  
from e n e r g i z e d  f l u i d s .  He t h a t  c o r n s t a l k s ,  b e s i d e s  b e i n g  used 
a s  f u e l ,  be  u t i l i z e d  as a chemical  f e e d  s t o c k  f o r  t h e  p r o d u c t i o n  of  
methanol ,  anhydrous  ammonia and f u r f u r a l ,  a  s o u r c e  of  c e l l u l o s e  f o r  paper  
and wa l.lboilrd p r o d u c t i o n .  

'I'll-is r c p o r t  tle;ils w i t h  t h e  h a r v e s t i n g ,  load.i.ng, t r a n s p o r t i n g ,  p r o c e s s i n g  
anti burn ing  of cornsti31 k s  i n  a s t eam-genera t ion  f u r n a c e  of  a m u n i c i p a l  
cxlcc: t r ic  p l a n t .  



U t i l i z a t i o n  o f  C o r n s t a l k s  by Farmers:  _ _ _ _ _  . - -  - . - - .  _ - . - .  

The above-average Corn B e l t  f a rmer  p roduces  ahou t  120 b u s h e l s  o f  c o r n  
and abou t  6000 l b .  o f  p l a n t  p a r t s  ( c o r n s t a l k s )  p e r  a c r e .  The g ra in - to -  
c o r n s t a l k  r a t i o  is  abou t  0 .53  t o  0 .47 ,  r e s p e c t i v e l y .  

Today ' s  f a rmer  removes by g r a z i n g  o r  h a r v e s t i n g  f o r  an imal  f e e d  o r  
b e d d i n g ,  a b o u t  10 p e r c e n t  of  t h e  c o r n s t a l k s .  The o t h e r  90 p e r c e n t  o f  
c o r n s t a l k s  r e j e c t e d  by t h e  combine a r e  l e f t  i n  t h e  f i e l d  where t h e y  a r e  
p r o c e s s e d  by s t a l k  choppers  and e v e n t u a l l y  i n c o r p o r a t e d  i n t o  t h e  s o i l  t o  
v a r y i n g  d e g r e e s  w i t h  p r imary  t i l l a g e  t o o l s .  

Research by Mannerirlgand Meyer (1963) ,  by Moldenhauer e t  a l .  (1971) ,  by 
L a f l e n  e t  a l .  (1977) '  and by Yazdanpanah (1976) and o t h e r s  h a s  shown t h a t ,  
when 2200 Kg/ha ( 1  t o n l a c r e )  o f  c r o p  r c s i d u e  i s  l e f t  nn t h e  sllrface (of 
t h e  s o i l ,  t h e  s o i l  l o s s e s  by e r o s i o n  w i l l  be  kep t  w i t h i n  r e a s o n a b l e  bounds. 

I f  t h i s  r e s idue-covered  f i e l d  ( 1  100 Kglha) is farmed on a  g raded  con- 
t o u r  w i t h  a  c o n s e r v a t i o n - t i l l a g e  sys tem,  t h e  s o i l  l o s s  by w a t e r  and wind 
e r o s i o n  w i l l  be m a t e r i a l l y  below t h e  a l l o w a b l e  l o s s  l i m i t  o f  approx imate ly  
11 ,000  Kg/ha ( 5  t o n s l a c r e )  p r e s c r i b e d  by most s o t 1  c o n s e r v a t i o n  s t a t u t e s  
of  t h e  v a r i o u s  s t a t e s  o f  t h e  un ion .  

Research by L a f l e n  e t  a l .  (1972) h a s  shown t h a t ,  of  t h e . s o i 1  c a r r i e d  
by w a t e r  i n t o  t h e  impounded a r e a  l o c a t e d  behind t i l e - o u t l e t  t e r r a c e s ,  
o n l y  1 / 2 0  o f  t h e  s o i l  l e a v e s  t h e  f i e l d  w i t h  t h e  w a t e r  flowi.ng o u t  of  t h e  
t i l e  o u t l e t s .  The o t h e r  19/20 of  t h e  s o i l  s e t t l e s  and c o l l e c t s  on t h e  
bot tom o f  t h e  t e r r a c e  channe l .  

When g raded  rows w i t h  s u r f a c e  r e s i d u e  c o v e r  a r e  farmed w i t h  a  c o n s e r v a t i o n -  
t i l l a g e  sys tem l o c a t e d  on t e r r a c e - p r o t e c t e d  l a n d ,  t h e  l o s s  o f  s o i l  by 
e ros i .on  w i l l  be approximat 'e ly  1 /100 o f  t h a t  l o s t  from f i e l d s  farmed w i t h  
a  c o n v e n t i o n a l  plow-based t i l l a g e  sys tem.  

Wi l l i ams  and Donen (1960) s t u d i e d  t h e  e f f e c t  of  i n c o r p o r a t i n g  c r o p  
r e s i d u e  and g r e e n  manure i n t o  t h e  s o i l  on t h e  i n f i l t r a t i o n  r a t e  o f  w a t e r .  
They found t h a t  low-nit .rogen c r o p  r e s i d u e s  ( b a r l e y ,  s t r a w  and c o t t o n  
s t a l k s )  improve i n f i l t r a t i o n  r a t e ,  w h i l e  h i e h - n i t r n ~ ~ n  Ereen menure C T Q ~ S  

(Suciangrnssj  do n o t  m a t e r i a l l y  a f f e c t  t h e  i n f i l t r a t i o n .  r a t e  o v e r  f a l l o w  
(hare)  s o i l .  

I%ecause o f  t h e  need t o  c h n t r o l  t h e  l o s s  o f  s o i l  and w a t e r ,  R1.1chele 
(1975) p r e s e n t e d  t h e  budget shown i n  T a b l e  1  f o r  u s i n g  c o r n s t a l k s  on a  
Corn Relt farm. 



Table  1 

Budget f o r  U t i l i z a t i o n  of  C o r n s t a l k s  

on an Iowa Farm 

T o t a l  P r o d u c t i o n  6000 l b f a c r e  

L e f t  on s u r f a c e  f o r  c o n t r o l l i n g  e r o s i o n  2000 l b f a c r e  

U t i l i z e d  around t h e  fa rms tead  

T o t a l  c o r n s t a l k s  used on farm 

c o r n s t a l k s  a v a i l a b l e  f o r  on o r  o f f  farm u s e  3000 l b J a c r e  

T h i s  t a b l e  shows t h a t  s u f f i c i e n - t , b i o m a s s  i s  grown as s u p p o r t i n g  p l a n t  
s t r u c t u r e  w i t h  t h e  c o r n  c r o p  t o  c o n t r o l  l o s s  of w a t e r  and s o i l  from t h e  
l a n d ,  d r y  t h e  g r a i n ,  h e a t  t h e  farm home, f e e d  and bed t h e  l i v e s t o c k ,  e t c .  
Approximately 3 ,000 lb . / ac re  s t i l l  remain f o r  u s e  i n  t h e  g e n e r a t i o n  o f  
e l e c t r i c i t y  and t h e  manufac tu re  of methanol  and ( o r )  anhydrous  ammonia. 

The c r o p  r e s i d u e  un i fo rmly  d i s t r i b u t e d  on t h e  s u r f a c e  of  t h e  s o i l  
p r o t e c t s  t h e  l and  i n  t h e  f o l l o w i n g  ways: 

I .  

1. P r e v e n t s  wind and w a t e r  e r o s i o n .  

2 .  Reduces e v a p o r a t i o n  of w a t e r  from s o i l .  

3. Reduces t e m p e r a t u r e  of s o i l .  
# ? 

4 .  I n c r e a s e s  w a t e r  i n f i l t r a t i o n  i n t o  s o i l .  

5. I n c r e a s e s  t h e  q u a n t i t y  of  ca rbonaceous  m a t t e r  i n  s o i l .  

6.  P r o v i d e s  a  s o u r c e  of  f e r t i l i z e r .  

7 .  P r o v i d e s  energy  s o u r c e s  f o r  s o i l  microorganisms.  

It a l s o  p r o v i d e s  food and homes f o r  i n s e c t s  f o r  i n s e c t s  and r o d e n t s  
and is a h o s t  f o r  p l a n t  d i s e a s e s .  

The c r o p  r e s i d u e  when plowed under :  

1. Inc rGases  t h e  q u a n t i t y  of  carbonaceous  m a t t e r  i n  s o i l .  

2.  P r o v i d e s  a s o u r c e  of  f e r t i l i z e r .  

3 .  P r o v i d e s  an  e n e r g y  s o u r c e  f o r  s o i l  microorganisms.  



The farmer may u t i l i z e  co rns t a1 .k~  i n  some of t h e  fo l lowing  ways 
around the  farmstead . 

1. Feeding l i v e s t o c k .  

2. Bedding l i v e s t o c k .  

3.  Fuel  f o r  corn d rye r .  

4 .  Heat ing farm homes. 

5. Heat ing o t h e r  farm b u i l d i n g s .  

A s  t h e  energy s h o r t a g e  i n c r e a s e s ,  t h e  farmer may i n s t a l l  equip- 
ment f o r  conve r t i ng  c n r n s t a l k s  t o  o t h e r  forms of energy nr prndiirtv needed 
on t h e  farm. 

1. Generate e l . e c t r i c i t y .  

2. Generate  methane gas from wet organic  ma t t e r .  

3.  Generate  producer  gas  from d ry  o rgan ic  ma t t e r .  

4 .  Manufacture of methanol. 

5. Manufacture of anhydrous ammonia. 

The c o r n s t a l k s  no t  needed f o r  p revent ing  s o i l  e ro s ion  o r  on the  farm 
a re ,  a v a i l a b l e  f o r  off-farm s a l e ,  t o  commercial i n t e r e s t s  f o r :  

1. Generat ing e l e c t r i c i t y .  

3 .  Manufacture o t  anhydrous ammonia. 

5 .  product ion  o t  paper.  

6 .  I'roduction o F I~ardhoi~r t l .  



Economic Aspects -..----- of Harvestin% .-- Cornstalks: 

It is expected that farmers harvesting a portion of the cornstalks 
will use a conservation-tillage system of corn production. They will 
record the savings in Table 2 by eliminating the cornstalk disposal oper- 
ation normally done ahead of plowing.' 

Table 2 

Savings From Eliminating 

Cornstalks Disposal Operations 

Cornstalks Disposal Operation Cost $/acre 

Chopping stalks $ 5.89 

Uisking stalks ,2.84 

Plowing stalks under 8.09 
--- 

Total cost for disposing of cornstalks $16.82 

I 

Differential cost of till planting over 
conventional planting operation 1.00 -- 

Total savings from eliminating the disposal operation $15.82 

The cost of l i a i v e s ~ i l ~ g  a i d  hauling 1% rons of cornstalks is shown in 
Table 3. This is based on the farmer using a 2%-ton stack wagon, har- 
vesting 450 tons per year from 300 acres of land, with an expected life 
of 8 years. 

The ashes remaining after combustion of cornstalks contain P, K and 
C and can be returned to the land with bulk fertilizer spreaders. The 
nitrogen unfortunately is oxidized and lost with the flue gasses. 

Table 4 is a recalculation based on returning the P, K and C to the 
land. 



Tahle 3 

Cost of Harvesting and Transporttng of 

Cornstalks and Replacement Value of Fertilizer 

$/acre 

Cost of harvesting 1% ions of cornstalks @ $10.70/ton $19.05 

Transportation of 1% tons @ $2.00/ton 3.00 

Replace fertilizer in 1% tons of cornstalks 

15.0.01- 2000 20~/1b:. 1.5 - - - h.flf l 

P (0.003 2000 . 18~/lb. - 1.5) 1.62 

K (0.014 . 2000 8cIlb. . 1.5) 3.36 

The cost of harvesting, replacing the fertilizer and transporting 
the cornstalks from 1 acre ($33.03/acre) over the cost of tillage ($15.82) 
is $17.21/acre or $11.47/ton. 

Table 4 

C o ~ t  of Harvesting, Transporting nf Cornstalks 

and spreading Ashes and Additional N on the Land 
Slacre 

Cost of harvesting 1% tons of cornstalks @ $10.70/ton $19.05 

Transportation of 1% tons of cornstalks @ $2.00/ton 3.00 

Replace fertilizers in 1% tons of cornstalks 

N (0.01 . 2000 20~/lb. . 1.5) 6.00 

Extra cost of handling and spreading N and ash (l.OO/acre) 1.00 

The cost of harvesting, replacing nitrogen and ash and transportating 
the cornstalks from 1 acre $29.05 over the cost of tillage $15.82 is 
$13.23 per acre ur  $8.82 per ton. 

Table 4 shows that any selli~ig price received by the farmer over 
$9.46/ton ($6.82/ron) is a clear profit. 



What is  t h e  Value of t h e  Cornstal 'k? .- -- - - - . - ---- - - .. . 

I n  some a r e a s  of  t h e  c o u n t r y ,  c.ornsta1.k s t a c k s  s e l l  f o r  h a l f  t h e  
p r i c e  o f  a l f a l f a  hay. One fa rmer  p a i d  $ 5 0 . 0 0  f o r  3 t o n s  of  s t a l k s  
s e t t i n g  i n  t h e  f i e l d .  Another  .farmer p a i d  $75 .00  f o r  3  t o n s  d e l i v e r e d ,  
f o r  c a t t l e  f e e d .  The v a l u e  o f  c o r n s t a l k  s t a c k s  f l u c t u a t e s  w i d e l y ,  de- 
pend ing  on t h e  a v a i l a b i l i t y  and need f o r  hay .  

The v a l u e  o f  c o r n s t a l k s ,  a s  a  d i r e c t  replacement  f o r  c o a l , ,  can he  
c a l c u l a t e d  based on t h e  c o s t  o f  c o a l ,  Rut t h e  e x t r a  c o s t s  of  p r o c e s s i n g  
and f e e d i n g  c o r n s t a l k s  i n t o  t h e  f u r n a c e s  a r e  a t  b e s t  o n l y  e s t i m a t e s .  

Wyoming c o a l  c o s t  $22..65/ton d e l i v e r e d  t o  Ames, Iowa, on J a n .  1 ,  
1976. and had a  h e a t  c o n t e n t  o f  9,561BTUllb.The m o i s t u r e  c o n t e n t  was abou t  
40%. 

$22.65 ---- 
9,561 BTU . 2000 lb .  

= $ 1 . 1 8 1 1 0 ~  BTU 

C o r n s t a l k s  (1 .5  t o n s l a c r e )  a r e  a v a i l a b l e  f o r  biomass u t i l i z a t i o n  and have 
a  h e a t  c o n t e n t  of abou t  6 ,000  BTU/lb. ( m o i s t u r e  c o n t e n t  is  22%) ,  

Bu t ,  because  of  t h e  low s u l f u r  c o n t e n t  found i n  c o r n s t a l k s ,  0.15% 
(Morr ison,  1954) t o  0.06% (Green.  197.5, P r i v a t e  c o r r e s p o n d e n c e ) ,  t h e y  
c o u l d  be burned as a  companion f u e l  w i t h  5 .2% s u l f u r  Iowa c o a l ,  c o s t i n g  
$17. 15 d e l i v e r e d  in ILnes, w ' i c l ~  a l ~ e a ~  C U I I L ~ I I L  ul: 9,895 BTU/lb.. 

$17.15 6 
9 ,895  BTU . 2000 1.b. = $0.87110 BTU 

The q u a n t i t y  of  h e a t  and s u l f u r  f o r  1 t o n  5.2% s u l f u r  c o n t e n t  Iowa 
c o a l  i s :  

6 9 ,895  ' 2000 = 19.8  x  10 BTU of  h e a t  and 104 l b .  o f  s u l f u r .  

To meet EPA Emiss ion S t a n d a r d s  ( 3  l b .  of  s u l f u r  p e r  lo6 BTU), t h e  
heilt c o n t e n t  o f  t h e  m i x t u r e  of  c :o rns ta lk  and c o a l  must be g r e a t e r  t h a n :  

???!?o,oog '104 = 34.7 x lo6  BTU 3 l b .  

The q u a n t i t y  of  c o r n s t a l k  t h a t  must be added t o  a  , t o n  o f  c o a l  i s  
c a l c u l a t e d  a's f o l l o w s :  

RTU's of h e a t  t h a t  must come from c o r n s t a l k s :  

34.7 x lo6  - 19.8  x  106 = 14 .9  x  lo6  BTU 



Weight  o f  c o r n s t a l k s  added t o  e a c h  . ton o f  c o a l :  

1 4 . 9  x lo6 BTU ---*--.-.------- 
2000 l b .  a 6000 RTU/lb. 

= 2 ,483  l h .  

The e q u i . v a l e n t  value o f  Wyoming c o a l  b a s c d  on ' h e a t  c o n t e n t :  

The p r i c e  t h a t  can  be  p a i d  l e s s  p r o c e s s i n g  c o s t  f o r  t h e  2 ,483  l b .  of  
c o r n s t a l k s  t h a t  must he hurned w i t h  1 t o n  o f  Iowa c o a l  i s :  

The premium p r i c e  p e r  t o n  t h a t  can  be  p a i d  f o r  c o r n s t a l k s  i s :  

-----------..---.--.. 2000 lh"ton = $23.95 ' 
$ 1 9 . 2 9 / t o n  o f  c o r n s t a l k s  

2 , 4 8 3  l b .  

I f  i t  c o s t s  $ 5 . 0 0 / t o n  t o  h a n d l e  and p r o c e s s  c o r n s t a l k s  a t  t h e  gene ra -  
t f n g  p l a n t ,  t h e n  t h e  u t i l i t y  company c a n  a f f o r d  t o  pay $19.29 - $5.00 = 
$ 1 4 . 2 9 / t o n  o f  c o r n s t a l k s .  The p r i c e  r e c e i v e d  by f a r m e r s  and  n e t  c o s t  o f  
h a r v e s t i n g  and t r a n s p o r t i n g  t h e  c o r n s t a l k s  a r e  a s  shown: 

How Much P r o f i t  Does t h e  Farmer Make? 

Maximum p r i c e  u t i l i t i e s  can  pay f o r  c o r n s t a l k s  $14.29  p e r  t o n  

Net c o s t  o f  h a r v e s t i n g  c o r n s t a l k s  

Net p r o f i t  t o  f a r m e r  

8.82 per ton 

$5.47 p e r  ton 

On an  a c r e  b a s i s ,  t h e  f a r m e r  w i l l  r e c e i v e  a  n e t  p r o f i t  o f  $5.47 ' 1 . 5  = 
$8.21  p e r  a c r e .  

The Ourn&,of C o r n s t a l k s  as a Companion F u e l  W i t h  Coal  i n  t h e  A m e s  S o l i d  -------- --.--.---------.---.------.----------.--- - 
Waste P l i i r ~ t  : ---- 

The p u r p o s e  of t h e s e  t e s t s  was t o  o b t a i n  e x p e r i e n c e  and d a t a  on t h e  
r l t i l i z a t . i o n  of:  c o r n s t a 1 . k ~  ns  a companion Frrel i n  a m u n i c i p a l  s o l i d  w a s t e  
r e c q v c r y  s y s t e m  i n  c o o p e r a t i o n  w i t t i  t h e  m u n i c i p a l  government  o f  Ames, Iowa 
Thc Ames S o l i d  Waste P l a n t  began o p e r a t i o n  on Nov. 1 ,  1975. 



The f o l l o w i n g  f a c t o r s  were s t u d i e d :  

1. H a r v e s t i n g  of  c o r n s t a l k s .  

2 .  S t o r a g e  of c o r n s t a l k  s t a c k s .  

3. Loading of c o r n s t a l k  s t a c k s  i n  f l a t b e d  t r u c k s .  

4. T r a n s p o r t i n g  o f  c o r n s t a l k  s t a c k s .  

5. Unloading o f  c o r n s t a l k  s t a c k s .  

6.  P r o c e s s i n g  of  c o r n s t a l k  s t a c k s .  

7 .  Burning of  c o r n s t a l k s .  

8. Management o f  t h e  a g r i c u l t u r a l  machinery a s s o c i a t e d  w i t h  t h e s e  
t a s k s .  

9. P h y s i c a l  p r o p e r t i e s  o f  p r o c e s s e d  c o r n s t a l k s .  

H a r v e s t i n g  o f  C o r n s t a l k s :  -. - - . - - - 

The c o r n s t a l k s  w e r e ' h a r v e s t e d  w i t 1 1  a  John Deere model 30 s t a c k  wagon 
( F i g u r e  1 )  between 10 and 20 days  a f t e r  t h e  g r a i n  was combined. The 
s t a l k s  were  h a r v e s t e d  from p r i v a t e l y  owned farms and univers i ty-owned 
farms.  

A s  now p r a c t i c e d  (1977), c o r n s t a l k s  h a r v e s t i n g  s t a r t s  a f t e r  t h e  c r o p  
r e s i d u e  ( p l a n t  p a r t s  r e j e c t e d  by t h e  combine) i s  dropped on t h e  ground 
and h a s  d r i e d  t o  approx imate ly  25% m o i s t u r e  c o n t e n t .  Depending on t h e  
wea the r  and o r i g i n a l  m o i s t u r e  c o n t e n t  o f  t h e  s t a l k s ,  t h i s  o p e r a t i o n  c o u l d  
s t a r t  0  t o  30 days  o r  more a f t e r  g r a i n  h a r v e s t .  The s t a c k s  used i n  t h e s e  
t e s t s  were h a r v e s t e d  i n  Nov. 1975 and were  burned i n  Apr.  1976. 

The c o s t  of h a r v e s t i n g  c o r n s r a l k s  w i t h  a  s t a c k  wagon is dependent  
mainly  on s t a c k  wagon s i z e ,  e x p e c t e d  l i f e  o f  equipment and number o f  
s t a c k s  h a r v e s t e d .  

The c o s t  of h a r v e s t  i n c l u d e s  dumping t h e  s t a c k s  a t  t h e  s i d e  of  t h e  
f i e l d  where they  can be e a s i l y  r e t r i e v e d  l a t e r .  

S t o r a g e  .--- of C o r n s t a l k s :  

The s t a c k s  were p l a c e d  a l o n g  t h e  edge o f  t h e  f i e l d  l o c a t e d  n e a r  a  
roatl and on both  s i d e s  of c u l v e r t s  t h a t  b r i d g e  t h e  d i t c h  between t h e  road  
and che f i e l d .  Other  s t a c k s  were l o c a t e d  a l o n g  r o a d s  i n  t h e  f i e l d .  I n  
a1 L i n s t a n c e s ,  t l ~ e  s t a c k s  were p laced  on h i g h  ground. T h i s  was done s o  



t h a t  t h e y  cor1.l.d I,e ensi1.y r e l o a d e d  and h a u l e d  from t h e  f i e l d  w i t h o u t  
r u t t i n g  t h e  f i e l d  d u r i n g  wet w e a t h e r  o r  when snow c o v e r e d  t h e  ground.  

Because t h e  f i e l d s  were  n o t  i n  p r o d u c t i o n ,  no c o s t  was a s s e s s e d  
a g a i n s t  t h e  s t o r a g e  o f  t h e  b a l e s .  I f  t h e  c o r n s t a l k  f i e l d  were  p a s t u r e d  
a f t e r  t h e  c o r n s t a l k s  were h a r v e s t e d ,  a f e n c i n g  c o s t  c o u l d  be  a s s e s s e d  
a g a i n s t  t h e  s t a c k  o r  b a l e s .  

The c o r n s t a l k  s t a c k s  seemed i n  good c o n d i t i o n  ( F i g u r e  3 ) .  L i t t l e  
r a i n  o r  snow had ' f a l l e n  be tween t h e  t i m e  t h e y  were  made i n  Nov. 1975 and 
Apr.  16 ,  1976.  Some c o r n s t a l k s  were  blown o f f  t h e  s t a c k s  d u r i n g  h i g h  
winds  and accumula t ed  a round  t h e  b a s e  o f  t h e  s t a c k s .  The c o r n s t a l k  s t a c k s  
f o r  T e s t  1 were  d r y  and o f f  good q u a l i t y .  

Dur ing  t h e  t i m e  be tween T e s t  1  and  T e s t  2, 6-8 i n c h e s  o f  r a i n  f e l l  
on  t h e  c o r n s t a l k  s t a c k s  (Apr. 15  t o  Apr. 2 2 ) .  

The s t a c k s  a t  t h e  t i m e  t h e y  were  l o a d e d  f o r  T e s t  2 on Apr. 27 and 
28  w e r e  wet  on  t h e  t o p ,  wir~dwclrd s i d e  and b a s e  o f  s t a c k .  The rest o f  
t h e  s t a c k  was o f  low m o i s t u r e  c o n t e n t .  

T e s t  1: - 

T h i s  tes t  w a s  conduc ted  on  Apr. 5 and 6 ,  1976.  t o  d e t e r m i n e  t h e  
magn i tude  o f  t h e  s h r e d a b i l i t y  and a s s o c i a t e d  d u s t  p.roblems o f  c o r n s t a l k s  
when p r o c e s s e d  i n  t h e  Ames S o l i d  Waste P l a n t  and t o  e v a l u a t e  methods o f  
l o a d i n g  and t r a n s p o r t i n g  c o r n s t a l k s .  

The f o l l o w i n g  equipment  was used  d u r i n g  T e s t  1 t o  l o a d  and t r a n s -  
p o r t  t h e  c o r n s t a l k s  t o  t h e  A m e s  S o l i d  Waste P l a n t :  

1. Cllalrtbed s t a c k  mover. 

2 .  F l a t b e d  dump t r u c k ,  2% t o n .  

A c h a i n b e d  s t a c k  mover d e s i g n e d  f o r  moving c o r n  s t a c k s  and g i a n t  
round  b a l e s  was used  t o  l o a d  t h e  s t a c k s  o n t o  t h e  f l a t b e d  dump t r u c k  i n  
TesL 1  uli Apr. 5. The s t a c k  mover was backed t o  t h e  t i r s t  s t a c k ,  and  
t h e  s t a c k  was l o a d e d  o n t o  the stack mover by n p e r a t i n r ~  Phr r h n i n s  in t h e  
f o r w a r d  d i r e c t i o n  as t h e  s t a c k  mover moved r e a r w a r d  and unde r  t h e  s t a c k .  

When t h e  s t a c k  mover was l o a d e d ,  t h e  s t a c k  mover bed w a s  a d j u s t e d  
t o  t h e  l e v e l  o f  t h e  t r u c k  bed ( t h e  t r u c k  bed  c o u l d  a l s o  he a d . j u s t e d  t o  
improve  t h e  t r a n s f e r ) ,  and  t h e  c h a i n s  o f  t h e  s t a c k  wagon a g a i n  o p e r a t e d  
i n  a  f o r w a r d  d i r e c t i o n  t o  l o a d  t h e  t r u c k .  

The s t a c k  mover w a s  t h e n  bac.ked t o  t h e  second  s t a c k ,  and t h e  second 
s t a c k  l o a d e d .  Dur ing  t h i s  o p e r a t i o n ,  which was t e d i o u s ,  s e v e r a l  cha i .n s  
h r o k e .  The s t a c l t s  were h a u l e d  cu ttie A m e s  Solid Waste P l a n t ,  l o c a t e d  



a b o u t  6  miles east  o f  t h e  f i e l d ,  a t  9 a . m . ,  Apr .  6 ,  1976 .  The  c o r n s t a l k  
s t a c k s  o n  t h e  t r u c k  w e r e  dumped o n  t h e  l o a d i n g  f l o o r  by  r a i s i n g  t h e  
dump b e d  o f  t h e  t r u c k .  R e c a u s e  two c h a i n s  o f  t h e  s t a c k  mover  w e r e  b r o k e n ,  
t h e  J o h n  D e e r e  I n d u s t r i a l  L o a d e r  l o c a t e d  a t  t h e  s o l i d  w a s t e  p l a n t  w a s  
u s e d  t o  p u s h  t h e  c o r n s t a l k  s t a c k s  o f f  t h e  s t a c k  mover .  

The i n d u s t r i a l  l o a d e r  was u s e d  t o  p u s h  t h e  c o r n s t a l k s  i n t o  t h e  
s o l i d  w a s t e  p l a n t  f e e d e r  s y s t e m .  The  f e e d e r  b e l t  f e d  t h e  c o r n s t a l k s  t o  
t h e  p r i m a r y  s h r e d d e r  a t  t h e  r a t e  o f  5 0  t o n s  p e r  h o u r .  

No p r o b l e m s  were e n c o u n t e r e d  wit11 s h r e d d i n g  t h e  c o r n s t a l k s ,  a n d  a  
d u s t  p r o b l e m  s i m p l y  d i d  n o t  d e v c l o p .  The s h r e d d e d  c o r n s t a l k s  w e r e  d e l i v e r e d  
by b e l t  a n d  a i r  t r a n s p o r t  t o  t h e  Atlas b i n .  They w e r e  u n i f o r m l y  m e t e r e d  
f r o m  t h e  A t l a s  b i n  i n t o  t h e  a i r - c o n v e y i n g  s y s t e m ,  w h i c h  t r a n s p o r t e d  t h e  
m a t e r i a l  i n t o  t h e  c o a l - f i r e d ,  t r a v e l i n g  g r a t e ,  s t e a m - g e n e r a t i n g  f u r n a c e  
( U n i t  Number 5 ) .  The c o r n s t a l k s  w e r e  f e d  as a  companion  f u e l  w i t h  3% 
s u l f u r  c o n t e n t  c o a l  i n t o  t h e  f u r n a c e  a t  t h e  r a t e  o f  4  p a r t s  c o a l  t o  1 
p a r t  c o r n s t a l k s  (by w e i g h t ) .  The c a p a c i t y  r a t i n g  o f  t h e  f u r n a c e  was  5 0 0  
t o n s  o f  c o a l  p e r  d a y .  B e c a u s e  t h e r e  was s o l i d  w a s t e  o n  t h e  dumping  f l o o r  
a n d  i n  t h e  A t l a s . b i n ,  a  m i x t u r e  o f  g r o u n d  s t a l k s  a n d  s o l i d  w a s t e  was 
d e l i v e r e d  t o  t h e  b o i l e r  f u r n a c e  f o r  b u r n i n g .  " 

T e s t  2 :  

B e c a u s e  n o  d i f f i c u l t y  was e n c o u n t e r e d  w i t h  t h e  p r o c e s s i n g ,  t r a n s p o r t -  
i n g ,  m e t e r i n g  o r  b u r n i n g  o f  t h e  c o r n s t a l k s ,  t h e  S o l i d  W a s t e  P l a n t  m a n a g e r  
a g r e e d  t o  r e c e i v e  c o r n s t a l k s  o n  T u e s d a y ,  Apr .  1 3 ,  1 9 7 6 ,  b e g i n n i n g  a t  
4 : 0 0  p.m. But i n f o r m a t i o n  was r e c e i v e d  on t h e  m o r n l n g  o f  Apr. 13 nuL Lu 
d e l i v e r  c o r n s t n l k s  b e c n u s e  t h e  A t l a s  h i n  was n e a r l y  f u l l  o f  s o l i d  w a s t e .  
The  f u r n a c e  b u r n i n g  s o l i d  w a s t e  llad b e e n  s h u t  down f o r  r e p a i r s .  We a g r e e d  
t o  s t a r t  d e l i v e r i n g  c o r n s t a l k s  ~ l t  4 : 0 0  p.m. on Apr .  20 ,  b u t  r a i n  b e g a n  
f a l l i n g  o n  F r i d a y ,  Apr .  1 5  a n d  c o n t i n u e d  f o r  n e a r l y  1 week.  

On Monday, Apr .  2 6 ,  a f t e r  a b o u t  4  d r y i n g  d a y s ,  t h e  g r o u n d  seemed 
d r y  e n o u g h  t o  s u p p o r t  t h e  t r u c k s  a n d  l o a d i n g  e q u i p m e n t .  The  f o l l o w i n g  
e q u i p m e n t  was  u s e d  d u r i n g  T e s t  2 t o  l o a d  a n d  t r a n s p o r t  t h e  c o r n s t a l k s  t o  
t h e  Ames S o l i d  W a s t e  P l a n t :  

1 .  1 : o r k l i f t  t r u c k  ( c a p i ~ c i  t y  o f  6 , 0 0 0  1.b. ) ( F i g u r e  4 ) .  

2 .  F o u r - r i n c  Fork f rom a l3&C s t a c k  mover .  

3 .  I n d u s t r i a l  F o r d  T r a c t o r  e q u i p p e d  w i t h  a  f r o n t  e n d  l o a d e r  a n d  a  
b a c k h o e .  

4 .  An I n t e r n a t i o n a l  T r a c t o r  c q u i p p c d  w i t h  a , f r o n t  l o a d e r  ( ~ ' i g u r e  5 ) .  



5. F i v e  f l a t b e d  t r u c k s  2!.5 t o n s  ( 4  t r u c k s  were  equ ipped  w i t h  f l a t -  
dump beds  and one  had a nondumping f l a t b e d .  The l o a d  was 
pushed o f f  t h e  nondumping f l a t b e d  t r u c k  a t  t h e  S o l i d  Waste 
P l a n t  w i t h  t h e  i n d u s t r i a l  l o a d e r .  

The s t a c k s  were  l o a d e d  o n t o  t h e  t r u c k s  ( F i g u r e  4 )  and h a u l e d  t o  t h e  
S o l i d  Waste P l a n t  on Apr. 27 and 28 ,  1976,  s t a r t i n g  a t  4 : 0 0  p.m. on t h e  
2 7 t h  and f i n i s h i n g  a t  5 : 3 0  p.m. on t h e  2 8 t h .  

Because  t h e  p l a n t i n g  s e a s o n  was a t  hand ,  t h e  c o r n s t a l k s  w e r e  moved 
as q u i c k l y  a s  p o s s i b l e  t o  a v o i d  d e l a y  o f  f i e l d  work a f t e r  t h e  r a i n  even  
though  t h e  f i e l d s  were  q u i . t e  we t .  

Because  o f  t h e  w e t  g round ,  a s p e c i a l  method o f  l o a d i n g  t h e  s t a l k s  
o n t o  t h e  t r u c k  was u s e d .  An I n t e r n a t i o n a l  T r a c t o r ,  e q u i p p e d  w i t h  t h e  
f r o n t  end l o a d e r ,  was used  t o  push t h e  c o r n s t a l k s  (which had  blown o f f  
t h e  t o p  of  t h e  s t a c k s  and  accumula t ed  on t h e  ground be tween t h e  s t a c k s )  
away f rom t h e  b a s e  o f  t h e  s t a c k s  s o  t h a t  t h e  t i n e s  o f  t h e  f o r k l i f t  c o u l d  
b e  p l a c e d  on t h e  ground next t o  t h e  ~ t n r l t s ,  A f t e r  t h a  c o r n s t a l k  trim11 
was removed,  t h e  f o r k  l i f t ,  e q u i p p e d  w i t h  R&C f n r k  w a s  d r i v e n  t o  t h e  
s t a c k .  The f o r k s  were  l o w e r e d ,  and t h e  f o r k - t i n e s  ( u s i n g  t h e  t r a c t i v e  
power o f  t h e  f o r k l i f t  t r u c k ,  p l u s  t h e  t r a c t i v e  power o f  a Ford  I n d u s t r i a l  
T r a c t o r  e q u i p p e d  wi . th  t h e  f r o n t  end l o a d e r  and backhoe )  were  shoved  i n t o  
t h e  s t a c k  o f  c o r n s t a l k s .  The t i l t  o f  t h e  t i n e s  o f  t h e  f o r k  was i m p o r t a n t ,  
i f  t i l t e d  downward t o o  much, t h e y  were slluved i n t o  t h e  ground.  I f  t i l t e d  
upward t o o  much, t h e  t i n e s  r a n  upward i n t o  t h e  s t a c k s  and a p a r t  o f  t h e  
s t a c k  w a s  l e f t  on  t h e  ground when t h e  s t a c k  was l i f t e d .  

The f o r k l i f t  t r u c k  was s t a b i l i z e d ,  p r e v e n t i n g  i t  f rom r e a r i n g  o v e r  
f r o n t w a r d  w h i l e  p i c k l n g  11p t h e  s t a c k s .  by p l a c i n g  t h e  f r o n t  end  l o a d e r  
o f  t h e  Ford t r a c t o r  on a p l a t e  a t t a c h e d  t o  t h e  rear of  t h e  f o r k l i f t .  
Downward p r e s s u r e  was p l a c e d  on t h e  r e a r  o f  t h e  f o r k l i f t  by t h e  u s e  o f  
t h e  h y d r a u l i c  c y l i n d e r s  o f  t h e  f r o n t  end l o a d e r ,  and  t h e n  t h e  backhoe  
i t s e l f  was p r e s s e d  a g a j n s t .  t h e  ground t o  p l a c e  t h e  f u l l  w e i g h t  o f  t h e  
t r a c t o r  on t h e  f o r k l i f t .  , A f t e r  t h e  s t a c k s  were  l i f t e d  by t h e  f o r k l i f t ,  
t h e  235 t o n  t r u c k  was back.ed u n d e r  t h e  l i f t e d  s t a c k  o f  t h e  c o r n s t a l k s ,  
and t h e  s t a c k  was lowered  o n t o  t h e  bed o f  t h e  t r u c k .  By u s i n g  t h e  t r a c t i v e  
power o f  t h e  f o r k l i f t  truck and thr trartive power o f  t h e  Ford  t r a c t o r ,  
t h e  f o r k - t i n e s  were  p u l l e d  f rom unde r  t h e  c o r n s t a l k  s t a c k s .  

A t  v a r i o u s  t i m e s ,  t h e  c o r n  s t a c k s  would s t i c k  t o  t h e  f o r k - t i n e s ,  
and t h e  s t a c k  would be p u l l e d  o f f  t h e  t r u c k  bed w i t h  t h e  f n r k - t i n e s  when 
r e t r a c t e d .  The f o r k  t h e n  would have  t o  be  r a i s e d  and t h e  f o r k  l i f t  t r u c k  
shoved  fo rward  a g a i n  t o  p l a c e  t h e  s t a c k  back  on t h e  t r a c t o r . .  Two f e n c e  
p o s t s  ( a p p r o x i m a t e l y  8 ft. l o n g  and 8 i n .  i n  d i a m e t e r )  were  p l a c e d  on  
t h e  bed unde r  t h e  s t a c k  and betwccn t h e  t i n e s  o f  t h e  f o r k .  The c o r n s t a l k  
s t a c k s  a g a i n  were  lowered  o n t o  t h e  bed o f  t h e  t r u c k ,  and t h e  f o r k - t i n e s  



p u l l e d  f rom u n d e r  t h e  s t a c k .  The p o s t s  e i t h e r  were r e t r i e v e d  by a t t a c h - .  
i n g  a  c h a i n  t o  t h e  p o s t  and p u l l i n g  them f rom u n d e r n e a t h  t h e  c o r n s t a l k  
s t a c k  w h i l e  t h e  t r u c k  w a s  s t i l l  i n  t h e  f i e l d  o r  were  r e t r i e v e d  a s  t h e  
l o a d  was dumped f rom t h e  t r u c k  a t  t h e  s o l i d  w a s t e  p l a n t .  I n  t h i s  i n s t a n c e ,  
as t h e  bed was t i l t e d ,  t h e  l o a d  o f  s t a l k s  would s l i d e  o f f .  The p o s t s  
would r o l l  a s  t h e  l o a d  s l i d  o f f  and  d r o p  on  t h e  f l o o r  a t  t h e  rear o f  
t h e  t r u c k  bed.  They were  q u i c k l y  removed b e f o r e  t h e  l o a d  o f  s t a l k s  f e l l  
on  t h e  p o s t s .  

I f  t h e  l o a d  was n o t  c e n t e r e d  on t h e  t r u c k  bed,  t h e  f r o n t  end  l o a d e r  
was p l a c e d  a g a i n s t  t h e  s t a c k , a n d  t h e  t r a c t o r  was used  t o  push t h e  l o a d  
i n t o  p o s i t i o n .  I f  t h e  t r u c k  became mi red  i n  t h e  mud o f  t h e  f i e l d ,  t h e  
i n d u s t r i a l  t r a c t o r  equ ipped  w i t h  a f r o n t  end l o a d e r  and backhoe  was used  
t o  push  t h e  t r u c k  ( F i g u r e  5 ) .  

The t i m e  o f  l o a d i n g  when no p rob lems  were  e n c o u n t e r e d  was a p p r o x i -  
m a t e l y  5 min .  I t  t o o k  much l o n g e r  t o l o a d w h e n  t h e  c o r n s t a l k  s t a c k s  
s t u c k  t o  t h e  f o r k - t i n e s  and were p u l l e d  f rom t h e  t r u c k  when b a c k i n g  up. 
Once. i t  t o o k  a l m o s t  1 h o u r  t o  l o a d  o n e  s t a c k  on t h e  t r u c k .  

Where t h e  g round  was t o o  s o f t  f o r  t r u c k  t r a f f i c ,  t h e  f o r k l i f t  t r u c k  , 
was pushed u n d e r  t h e  c o r n  s t a c k s ;  t h e n  t h e  t r a c t o r ,  e q u i p p e d  w i t h  f r o n t  
end  l o a d e r s  and  backhoe ,  was used  t o  p u l l  t h e  f o r k l i f t  t r u c k  w i t h  t h e  
c o r n  s t a c k s  r a i s e d  s l i g h t l y  o f f  t h e  ground t o  h i g h e r  and d r y e r  ground 
u n t i l  t h e  t r u c k  - cou ld  back  u n d e r n e a t h  t h e  l o a d  and 'have t h e  l o a d  d ropped  
on  t h e  bed o f  t h e  t r u c k .  

One t i m e ,  t h e  t r u c k ,  which was t u r n i n g  a round  i n  t h e  f i e l d  a f t e r  
l o a d i n g  and g o i n g  r a p i d l y  t o  a v o i d  becoming s t u c k  i n  t h e  s o f t  ground 
l o s t  t h e  c o r n  s t a c k  i n  t h e  t u r n ;  i t  was thrown o f f  t h e  bed by c e n t r i f u g a l  
f o r c e s .  

The c o r n s t a l k  s t a c k s  have  t o  b e  o f  good q u a l i t y ;  t h e  s t a c k  must 
s t i c k  t o g e t h e r  t o  be  l o a d e d  and t r a n s p o r t e d .  I n  o n e  i n s t a n c e  i n  which  
t h e  c o r n s t a l k  s t a c k  was n o t  p r o p e r l y  t i e d  t o g e t h e r  d u r i n g  t h e  f o r m a t i o n  
o f  t h e  s t a c k ,  t h e  t o p  p o r t i o n  o f  t h e  s t a c k  s h e a r e d  f rom t h e  s t a c k  and 
s l i p p e d  o f f  t h e  tr1.1c.k. a f t e r  l o a d i n g .  

T r a n s p o r t i n g  o f  C o r n s t a l k s :  -- - 

Once l o a d e d ,  t h e  t r u c k s  c a r r y i n g  t h e  c o r n s t a l k  s t a c k s  w e r e  d r i v e n  
on  t h e  h ighways  a t  a p p r o x i m a t e l y  25-30 mph. T h e r e  was l i t t l e  l o s s  o f  
c o r n s t a l k s  d u r i n g  t r a n s p o r t i n g  ( F i g u r e  6 ) .  W e  b e l i e v e  t h a t  w e a t h e r i n g  
and t h e  6-8 i n .  o f  r a i n ,  t h a t  f e l l  d u r i n g  t h e  p r e c e d i n g  week were  ma jo r  
f a c t o r s  i n  Reep ing  t h e  c o r n s t a l k s  s t u c k  t o g e t h e r  s o  t h a t  t h e y  r e s i s t e d  
b e i n g  blown away w h i l e  b e i n g  t r a n s p o r t e d .  



Unload ing  t h e  C o r n s t a l k s  a t  t h e  S o l i d  Waste P l a n t :  -.------.- -- 

The f l o o r  of t h e  s o l i d  w a s t e  p l a n t  had been c l e a r e d  o f  s o l i d  w a s t e  
by 4 :00  p.m. Apr. 27;1976. The p l a n t  began r e c e i v i n g  c o r n s t a l k s  a t  
t h a t  t ime  and c o n t i n u e d  t o  r e c e i v e  c o r n s t a l k s  u n t i l  abou t  10:30 p.m. 
The l o a d i n g  cquipment was moved a t  10:OO p.m. fro111 t h e  w e s t  f i e l d  t o  t h e  
n o r t h  f i e l d  and loaded  w i t h  c o r n s t a l k s  f o r  morning d e l i v e r y .  

The t r u c k $  h a u l i n g  the c o r , n s t a l k s  were drlven i n t o  the s o l i d  w a s t e  
p l a n t  ( F i g u r e  7 ) .  s t o p p e d  a t  t h e  s c a l e s  and were  weighed,  were  d r i v e n  
fo rward  a g a i n  and backed up t h e  u n l o a d i n g  s p o t  d e s i g n a t e d  by t h e  s o l i d  
w a s t e  p l a n t  f l o o r  manager. The t r u c k  hed was then  h y d r a u l i c a l l y  r a i s e d ,  
and a s  t h e  l o a d  ( F i g u r e  8 )  s l i d  o f f  t h e  r e a r  end of  t h e  t r u c k ,  t h e  t r u c k  
moved forward d u r i n g  dumping t o  comple te  t h e  dumping of  t h e  l o a d  of  corn-  
s t a l k s .  I f  t h e r e  were any p o s t s  l o c a t e d  undernea th  t h e  c o r n s t a l k  s t a c k s ,  
t h e y  were r e t r i e v e d  a t  t h a t  t i m e  and thrown o n t o  t h e  bed of  t h e  t r u c k  
a f t e r  i t  was l e v e l e d .  The u n l o a d i n g  t ime  was a p p r o x i m a t e l y  2 min. when 
t h e  s o l i d  w a s t e  p l a n t  was r e c e i v i n g  o n l y  s t a c k s .  

C o r n s t a l k  s t a c k  h a u l i n g  began a g a i n  a t  5:30 a.m. on Apr. 28, When 
t h e  p l a n t  began r e c e i v i n g  s o l i d  w a s t e  a t  8:00 a . m . ,  Apr. 28,  t h e  c o r n s t a l k  
s t a c k s  were k e p t  s e p a r a t e  from t h e  s o l i d  w a s t e .  The c o r n s t a . l k  s t a c k s  were  
dropped a t  t h e  r e a r  o f  t h e  b u i l d i n g ,  and t h e  s o l i d  w a s t e  was dropped a t  
r h e  f r o n t  o f  t h e  b u i l d i n g .  An open road  was m a i n t a i n e d  from t h e  f r o n t  o f  
t h e  b u i l d i n g s ,  around t h e  s o l i d  w a s t e  p i l e  t o  t h e  c o r n s t a l k  s t a c k s .  Un- 
l o a d i n g  t i m e  under  t h e s e  c o n d i t i o n s  was a p p r o x i m a t e l y  12 min. 

The f r o n t  l o a d e r  was used t o  push t h e . c o r n s t a l k  s t a c k s  i n t o  a  p i l e  
a t  t h e  r e a r  o f  t h e  s o l i d  w a s t e  p l a n t  and t o  f e e d  t h e  s t a c k s  i n t o  t h e  
f e e d e r  sys tem.  

The s o l i d  w a s t e  p l a n t  began p r o c e s s i n g  c o r n s t a l k s  a t  6 :00 a.m. on 
Apr. 28,  1976. The s h r e d d e r s  c logged w i t h  wet c o r n s t a l k s  around 7:30 a.m., 
and t h e  f l o o r  manager of  t h e  so1i.d wastP p l a n t  t o l d  t h e  truck d r i v e r c  t o  
s t o p  d e l i v e r y  of c o r n s t a l k  s t a c k s .  The l a s t  t r u c k  was dumped a t  8 :30  a.m. 

When t h e  s o l i d  w a s t e  p l a n t  s t o p p e d  r e c e i v i n g  c o r n s t a l k  s t a c k s  a t  8:30 
a .m. ,  t h e  t r i i r k s ,  f n r k l i f t  and,tractorfi  vcrc t r n n n p n i - t ~ r l  h ~ 1 - k  1:i-l ~ l i u  Agr luu l -  
t u r a l  E n g i n e e r i n g  .Farm. A f t e r  t h e  s h r e d d e r  was unclogged,  t h e  s o l i d  w a s t e  
p l a n t .  manager a g r e e d  t o  c o n t i n u e  r e c e i v i n g  c o r n s t a l k s  a t  10:OO a.m. It 
took  a n  hour  and a  h a l f  t o  r eassemble  t h e  l o a d i n g  crew. D e l i v e r y  of  t h e  
c o r n s t a l k  s t a c k s  t o  t h e  s o l i d  w a s t e  p l a n t  began a g a i n  a t  11:30 a.m. Corn- 
s t a l k s  c o n t i n u e d  t o  he d e l i v e r e d  from t h e  n o r t h  f i e l d  u n t i l  a p p r o x i m a t e l y  
2:00 p.m. A l l  t h e  s t a c k s  t h a t  cou ld  be r e t r i e v e d  from t h e  f i e l d  had been 
oaded.  The l o a d i n g  equipment 'was moved t u  Ltie s o u t h  fie.1-d, and d e l i v e r y  
was c o n t i n u e d  from 2:30 p.m. u n t i l  5 :30 pim. a t  which t i m e  a l 1 , t h e  s t a c k s  
t h a t  could  b e  r e t r i e v e d  from t h i s  f i e l d  were  loaded .  The c o r n s t a l k  s t a c k s  
h a u l i n g  o p e r a t i o n  was t e r m i n a t e d .  I n  a l l ,  a p p r o x i m a t e l y  50 c o r n s t a l k  
s t a c k s  were hau led  i n  a ' 2 0 - h r .  p e r i o d .  



The f o l l o w i n g  i s  a summary of  t h e  t r a n s p o r t i n g  s c h e d u l e :  

1 .  Loading o f  co rn  s t a c k s  began approx imate ly  2:00 p.m. Apr. 27, 
1976,  i n  t h e  west  f i e l d .  

2. C o r n s t a l k  s t a c k s  were r e c e i v e d  a t  t h e  s o l i d  w a s t e  p l a n t ' a t  
4:00 p.m. Apr. 27,  1976. 

3. C o r n s t a l k  s t a c k s  r e c e i v i n g  was c l o s e d  a t  10:30 p.m. Apr. 27,  
1976. 

4. C o r n s t a l k  s t a c k s  were  r e c e i v e d  from 5:30 a.m. u n t i l  8:30 a . m .  
Apr. 28,  1976. 

5. C o r n s t a l k s  were embargoed from 8 :30  a.m. t o  11:30 a.m. Apr. 28,  
1976. 

6. C o r n s t a l k s  were r e c e i v e d  from 11:30 a.m. t o  5:30 p.m. Apr. 28,  
1976. 

Management of  Machinerv:  

C a p a c i t y  and work e f f i c i e n c y  were  c a l c u l a t e d  from t h e  d a t a  c o l l e c t e d  
d u r i n g  t h e  t e s t .  

F i e l d  t r a n s p o r t  speed  

Average highway t r a n s p o r t  s p e e d s  

D i s t a n c e  between f i e l d  and p r o c e s s i n g  p l a n t  

T o t a l  t r a n s p o r t  d i s t a n c e  

Time l o a d i n g  

Time o f  u n l o a d i n g  

T r a n s p o r t  t ime  15 m i l e s  a t  30 rnph 

loadir ig  
u n l o a d i n g  

5 mph 

30 mph 

7% m i l e s  

15 m i l e s  

5  minu tes  

4  minu tes  

30 minu tes  

6  minu tes  
4  minu tes  

40 minu tes  



Tons p e r  hour  = 5  t r u c k s  x 2  t o n s  x 60 min. = 15 t o n s l h r .  
40 min. 

4:00 t o  10:30 p.m. 6% h o u r s  

5:30 t o  8:30 a.m. 3  h o u r s  

11:30 t o  1:30 p.m. 2  h o u r s  

3 h o u r s  
- 

14.5  h o u r s  

The t r u c k  a c t u a l l y  d e l i v e r e d  100 t o n s  t o  t h e  s o l i d  w a s t e  p l a n t .  

100 t o n s  
Work e f f i c i e n c y  = -------.--- = 46% 

15 ' 14.5 t o n 3  

The work e f f i c i e n c y  was 1ow.hecause  o f  t h e  wet s o i l  c o n d i t i o n s  a t  t h e  
t i m e  t h e  t e s t  was conduc ted .  

S h r e d d i s  of  C o r n s t a l k s :  -- - 
The c o r n s t a l k s  were  we t ,  and t h e  r a t e  o f  f e e d i n g  of  c o r n s t a l k s  i n t o  

t h e  s h r e d d e r  was 15 t o  20 t o n s l h r .  The f e e d e r  t o  t h e  a i r  c l a s s i f i e r  
s t o p p e d  up t w i c e  d u r i i g .  t h e  d a y ,  and t h e  a i r  c l a s s i f i e r  s t o p p e d  up 
a p p r o x i m a t e l y  10 t imes  because  o f  t h e  we tness  o f  t h e  s t a l k s  and over-  
f e e d i n g  of t h e  equipment.  D i s c u s s i o n s  w i t h  t h e  Ames p e r s o n n e l  i n d i c a t e d  
t h a t ,  under  t h e  wet c o n d i t i o n s ,  t h e  w e t  p o r t i o n  o f  t h e  c o r n s t a l k  s t a c k s  
h a n d l e d  abou t  l i k e  l i v e s t o c k  manure and would have t o  be f e d  a t  t h e  rate 

A- 

manure is  f e d  i n t o  t h e  hammermill.  

It i s  b e l i e v e d  t h a t  r h e  c o r n s t a l k s  were abouc as  wet as they  would 
e v e r  be because  t h e y  were r e c e i v e d  a t  t h e  s o l i d  w a s t e  p l a n t  a l m o s t  
immedia te ly  a f t e r  more t h a n  h i n .  of r a i n  had f a l l e n  on t h e  s t a c k s .  It 
i s  b e l i e v e d  t h a t  t h e  c o r n s t a l k s  would have d r i e d  o u t  and would h a v e  been  
i n  b e t t e r  c o n d i t i o n  had d e l i v e r y  been d e l a y e d  t o  t h e  s o l i d  w a s t e  p l a n t .  

I t  i s ,  however,  f o r t u n a t e  that we were ab le  t o  conduc t  t h e  test 
under  some o f  t h e  most d i f f i c u l t  c o n d i t i o n s  t h a t  w i l l  be  e n c o u n t e r e d  
d u r i n g  t h e  h a n d l i n g  and h a u l i n g  o f  c o r n s t a l k s .  The w e t n e s s  o f  t h e  corn-  
s t a l k  s t a c k s ,  a s  i n d i c a t e d  e a r l i e r ,  might be  a  d e s i r a b l e  f e a t u r e  a s  f a r  
a s  p r e v e n t i n g  l o s s  o f  t r a s h  w h i l e  b e i n g  t r a n s p o r t e d  on t h e  h ighways,  b u t  
was a n  u n d e s i r a b l e  f e a t u r e  d u r i n g  t h e  l o a d i n g  of  t h e  c o r n s t a l k  s t a c k s .  
The s t a c k s  were  much h e a v i e r  t h a n  they  would have o t h e r w i s e  been.  They 
a l s o  slowed t h e  f e e d i n g  of  t h e  c o r n s t a l k s  i n t o  t h e  s h r e d d e r  a t  t h e  s o l i d  
w a s t e  p l a n t .  



Burning of the Cornstalks: 

The cornstalks, after being shredded, were blown by air transport 
to the Atlas bin of the solid waste plant. They entered the top and 
fell on the cone-shaped pile of solid waste in the Atlas bin. The bottom 
unloading system removed the cornstalks and solid waste already in the 
bin and delivered them in a uniform flow to the traveling-grate boiler of 
the Ames plant. The cornstalks were fed to the traveling-grate boiler st 
the rate of 5 tonslhr. 

Physical characteristics of Cornstalks : 

Moisture content of the cornstalks was sampled from stacks in the 
field. The samples were taken from the south side of the stack and 3 ft. 
above the ground. 

Distance from Side of Stacks Moisture Content 

0 to 2 in. 48% 

2 to 4 in. 39% 

4 to 6 in. 27% 

The physical properties of the processed cornstalks being delivered fram 
the Atlas bin on Apr. 28 ,  1976, (Test 2 )  were determined by the power 
plant personnel as follows: 

Moisture content of processed cornstalks 30% 

Weight per cubic foot 4% lb. 

Heat content of wet material 4500 BTU/lb. 

Heat content of dry material 6500 BTUIlb. 

Observations of the Ames Power Plant Personnel: 

Observations made by the power plant personnel indicated that the 
cornstalks burned well, and they believed there would be no problem with 
using cornstalks as a fuel in their furnaces. Observations of the 
traveling-grate indicated that all the organic material being blown into 
the furnace was burned in the furnace. No problems were encountered 
from the stoppages in the air-transport delivery system, the divider system 
or the nozzle system of the solid waste fuel-delivery system. 



Analys i s  of Resu1 . t~  and Conclusions :' --.- -------.-..----- 

These t e s t s  showed t h a t  t h e r e  a r e  no equipment r e s t r a i n t s  t h a t  would 
prevent  c o r n s t a l k s  from becoming a  major renewable sou rce  i n  t h e  Midwest. 

Corns ta lks  can be ha rves t ed ,  s t o r e d  i n  t h e  open, t r a n s p o r t e d ,  processed 
slid burned wi th  e x i s t i n g  equipment. A s  t h i s  energy sou rce  i s  u t i l i z e d ,  
equipment w i l l  be au toma t i ca l l y  developed by t h e  farm machinery companies 
f o r  improving t h e  work e f f i c i e n c y  of t h e  load ing  and t ra .nspor t ing  phase of 
the ope ra t i on .  
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PAN EL DISCUSS I O N  OF SECOND DAY'S PROCEEDINGS 

CHAIRMAN: M r .  Dwight M i l l e r ,  A s s i s t a n t  D i r e c t o r  
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A g r i c u l t u r a l  Research Se rv i ce ,  USDA 

PANEL MEMBERS : D r .  Wil l iam Duncan 
P ro fe s so r  o f  Theo re t i ca l  Crop Husbandry 
Un iva r s i t y  of  F l o r i d a  

D r .  Elmer Kieh l  
Dean of  t h e  Col lege  of  A g r i c u l t u r e  
Un ive r s i t y  of  Missour i  

D r .  Donald McPhee 
Vice P r e s i d e n t  o f  Kansas C i ty  Power and L igh t  Company 

MR. MILLER: A s  chairman I ' m ,  going t o  e x e r c i s e  my p re roga t ive  and 
j u s t  s ay  a  few th ings  be fo re  w e  g e t  i n t o  our  d i s c u s s i o n s .  

F i r s t  of  a l l ,  I would l i k e  t o  c o n g r a t u l a t e  t h e  speakers  and t h i s  
group a s  a  whole because I p r a c t i c a l l y  have not  heard t h e  term "waste" 
used.  This i s  one of  my pe t  peeves,  because I th ink  we have byproducts 
and r e s i d u e s  b u t  they a r e  no longer  wastes .  And Roscoe Ward s t a r t e d  r i g h t  
o u t  t h e  f i r s t  day ve ry  n i c e l y  s e t t i n g  t h e  pace f o r  t h i s .  Some of  our  t h ings  
we used t o  c a l l  wastes  a r e  now th ings  t h a t  may be  v i t a l  r e sou rces .  

I would l i k e  t o  say  t h a t  n o t  a  week goes by bu t  t h a t  I r e c e i v e  
perhaps a  dozen, maybe more, l e t t e r s  from a l l  over  t h e  United S t a t e s ,  i n  
f a c t ,  a l l  over  t h e  world asking about  t he  p r o d ~ ~ c t i n n  n f  a l c o h o l  hy formen- 
t a t i o n ,  p r imar i l y  from c e r e a l  g r a i n s .  And I must s ay  t h a t  from some of  
t he se  l e t t e r s  I have learned  new names t o  c a l l  t h e  Arabs,  I have learned  
new names t~ c a l l  t h e  i n d u s t r i a l i s t s .  They speak very  c l e a r l y .  And what 
we may say  i n  world i d e a s ,  a  l o t  of  our  people i n  t he  United S t a t e s  do no t  
s h a r e  t h i s .  I n  o t h e r  words, they say " these  people blankety-blank so-  
and-so who a r e  p u t t i n g  us i n  a l l  o f  t h i s ,  l e t ' s  f o r g e t  them, I d o n ' t  c a r e  
what t h e  c o s t  i s ,  l e t ' s  t ake  anyth ing  t h a t  we can s p a r e  and l e t ' s  make f u e l  
o u t  o f  it," and,  o f  course ,  a l coho l  comes t o  t h e  f r o n t .  

One r o l e  t h a t  w e  have had a t  t he  Northern Regional Research Center 
ha s  been to  t r y  t o  pu t  i t  t o  t he se  people  i n  proper  pe r spec t ive  a s  we know 
i t .  F i r s t  o f  a l l  we say t h a t  i t  has  been shown t h a t  i t  i s  t e c h n i c a l l y  f e a s i -  
b l e  t o  conver t  many of  t h e s e  m a t e r i a l s  and c e r t a i n l y  c e r e a l '  g r a i n s  i n t o  e t h y l  



a l c o h o l .  ~t i s  a l s o  t e c h n i c a l l y  f e a s i b l e  t o  use  t h i s  a l c o h o l ,  t o  some de- 
g ree ,  a t  l e a s t ,  a s  a n  a d d i t i v e  i n t o  our  motor f u e l s  and i t  works ve ry  f i n e .  
Unfor tuna te ly ,  i f  i t ' s  n o t  economical t o  u se  a l coho l  a s  a  f u e l ,  then i t ' s  
n o t  going t o  be  used; 

And I would l i k e  t o  commend what t h e  Andersons a r e  doing,  and 
what i s  be ing  done i n  Nebraska i n  t he  gasohol r e sea rch .  

Nebraska i s  a  unique s t a t e .  I t  i s  a n  a g r i c u l t u r a l  s t a t e ,  they 
have s i t u a t i o n s  t h a t  c e r t a i n l y  a r e  no t  t h e  same in .Rhode I s l a n d ,  and there-  
f o r e  I am anxious t o  s e e  how they come o u t  and what they do i n  t h e i r  whole 
s e tup .  

C e r t a i n l y  we must look a t  va r ious  f a c t o r s  a s  we go along.  I am 
shocked t o  s e e ,  a s  a r e  many o t h e r s ,  t h a t  when we a t e  our food today t h a t  f o r  
p r a c t i c a l  purposes 10 Btu of energy went i n t o  every Btu we consumed today. 
I n  gene ra l  on t h e  farm t h e  b e s t  I have seen  i s  t h a t  we a r e  j u s t  about running 
one t o  one today from a product ion s t andpo in t .  We a r e  p u t t i n g  about 1 Btu i n  
f o r  every Btu we a r e  h a r v e s t i n g  o f f .  And by t h e  t ime you t a k e  f e r t i l i z e r s  
and you ge t  i t  onto t h e  food t a b l e ,  t h e  r a t i o  comes out  a t  about 10 t o  1. 

I would l i k e  t o  a g a i n  emphasize t h a t  a s  we look a t  a l c o h o l  t h e  by- 
products  a r e  extremely impor tan t ,  p a r t i c u l a r l y  t h e  d i s t i l l e r s '  g r a i n s .  I 
b e l i e v e  t h e r e  i s  a  34 c e n t s  c r e d i t  f o r  byproducts g r a i n  f o r  each g a l l o n  o f  
a l c o h o l  produced. D r .  S c h e l l e r  suggested a  l a r g e r  byproduct c r e d i t .  These 
byproducts  a r e  extremely v i t a l  m a t e r i a l s .  Why a r e  they paying t h i s  much f o r  
i t? Because o f  i t s  important  o i l ,  p r o t e i n ,  and o t h e r  v i tamins  and minera l s  
t h a t  a r e  i n  t h i s  whole th ing .  D r .  Sheppard s a i d  i n  h i s  t a l k  t h a t  i f  t h e  
corn  is  degerminated then  you can g e t  t h e  o i l  o u t  of  t h e  germ and se l l  t h i s  
o i i .  I want t o  p o i n t  o u t  t h a t  t h a t  most of  t h e  o i l  and p r o t e i n  i n  t h e  co rn  
i s  i n  t h a t  germ and t h i s  ends up i n  t h e  d i s t i l l e r s '  g r a i n s .  I f  i t  i s  n o t  
t h e r e  you a r e  no t  going t o  g e t  t h e  34 c e n t s  a  g a l l o n  c r e d i t  f o r  t h e  bypro- 
duc t s .  

I have been emphasizing t h a t  d i s t r e s s e d  g r a i n  o r  low q u a l i t y  g r a i n  
may very  w e l l  work j u s t  f i n e  i n  Nebraska i f  t h e r e  i s  enough o f  i t .  I f  t h e  
g r a i n  i s  moldy, because of  t h e  a f l a t o x i n  and mycolotoxins t h a t  a r e  found i n  
it, us ing  th6 byproducts  w i l l  be  r u l e d  o u t  by t h e  Food and Drug Adminis t ra t ion .  
U n t i l  we know how t o  remove t h e  a f l a t o x i n  and t h e  mycolotoxins you a r e  n o t  
going t o  be  a b l e  t o  use  t h e  moldy g r a i n .  You can conve r t  t h e  s t a r c h  t h a t ' s  
i n  t h e r e  t o  a l c o h o l ,  b u t  you cannot  t ake  t h i s  byproduct c r e d i t  t h a t  i s  s o  
v i t a l  . 



Eight  o r  n ine  yea r s  ago I was asked t o  b r i n g  toge the r  t h e  a l coho l  
from g r a i n  product ion p i c t u r e .  I presented t h i s  a t  t h e  wheat u t i l i z a t i o n  
conference  i n  Oakland, C a l i f o r n i a .  I t  opened Pandora 's  Box because i t  h i t  
t h e  papers ,  i t  h i t  t h e  j ou rna l s  and every th ing  e l s e .  I s a i d  it was techni-  
c a l l y  f e a s i b l e  t o  produce a l c o h o l  from g r a i n ,  i t  was a l l a  c a s e  of  economics. 
A t  t h a t  time, w e  had a  tremendous s u r p l u s  of g r a i n s  and t o  a  c e r t a i n  e x t e n t  we 
a r e  back t o  t h a t  r i g h t  now. 

We must n o t  overlook a s  we a r e  producing our  c rops  t h a t  f o r  every 
pound t h a t  we a r e  h a r v e s t i n g ,  w e  a r e  producing another  pound o r  more. We 
have a l r e a d y  put  t h e  energy i n  i t ,  w e  have a l ready used the l and ,  and overa l l .  
we must be  s u r e  t h a t  w e  make t h e  b e s t  use of  a l l  OF these m a t e r i a l s .  

I have implied by some of  my t a l k  c e r t a i n  c r i t i c i s m  o f  some of  t h e  
t h i n g s  t h a t  have been - sa id  today. I d o n ' t  in tend  t o  do t h a t .  I j u s t  t h ink  
t h a t  we need t o  be aware of  e x a c t l y  what t he  s i t u a t i o n  i s  and what i t  w i l l  
be .  

While we a r e  t a l k i n g  about  g r a i n ,  I would l i k e  t o  ask  D r .  Duncan 
t o  speak f i r s t ,  because he  has  a l s o  been involved i n  t h i s  s tudy.  

DR. DUNCAN: I would l i k e  t o  r e f e r  back t o  what Dale Moss s a i d  i n  -- 
h i s  speech. We were s t a r t i n g  o u t  w i t h  t h e  f a c t  t h a t  t h e  energy t h a t  pro- 
duces t h i s  biomass comes from t h e  sun. This i s  t h e  whole s t o r y .  And a s  I 
have l i s t e n e d  t.o the p r e s e n t a t i o n s ,  I have g o t t e n  t h e  idea  t h a t  t h e  whole 
b u s i n e s s  of  p roduct ion  and where you produced i t  was s o r t  of a  magic combin- 
a t i o n  o f  unexplained myster ious even t s .  I would l i k e  t o  s o r t  of  r a t i o n a l i z e  
a l i t t l e  p i c t u r e  about  where biomass is  produced and how much i s  produced 
and why one p l a n t  produces more than the  o t h e r .  

I was a t  Purdue w i t h  another  agronomist on a  b e a u t i f u l  day i n  
Ind i ana  w i th  t h e  b l u e  sky and t h e  sun s h i n i n g  and t h e  temperature  about ,  
oh,  85 o r  90 degrees .  We went o u t  and looked a t  some corn  i n  about  J u l y  
and the  corn  l eaves  were a  b e a u t i f u l  green.  I t  was p lan ted  t h i c k  enough s o  
you c o u l d n ' t  see the  ground. My companion s a i d ,  " B i l l ,  t h i s  i s  a  6-bushel 
day." And what he  meant by t h a t  was t h a t  under p e r f e c t  cond i t i ons ,  corn  i n  
Ind iana  would produce about  6  bushe ls  a  day. Reduce t h a t  t o  d ry  ma t t e r ,  i t  

comes t o  about  300 pounds. So i f  you j u s t  s t a r t  o u t  w i t h  t h e  idea  t h a t  t h e  
b e s t  producing c rop ,  t h e  h i g h e s t  producing c rop  under t h e  b e s t ' c o n d i t i o n s  
w i l l  make about  3U0 pounds a  day, t h a t  i s  a  good p l ace  t o  s t a r t  from. Of 
cour se ,  you have t o  have t h e  temperature  r i g h t  and you have t o  have t h e  
wa te r  r i g h t  and you have t o  have p l en ty  of s u n l i g h t ,  yo11 have t h i s  corn th i -ck  
enough s o  t h a t  you i n t e r c e p t  a l l  t h e  l i g h t .  And t h e r e  i s  no th ing  can bea t  
corn  f o r  t h e  t ime on t h a t  one day. 



Now, a s  you go no r th ,  your growing season i s  s h o r t e r  s o  you c a n ' t  
produce a s  much. So no ma t t e r  how you handle  i t ,  a s  you go n o r t h  your corn  
has  go t  t o  be  l e s s .  Of course ,  t h e  corn  growers accommodate you by g e t t i n g  
corn  t h a t  has  a s h o r t e r  growing season ,  bu t  you c u t  your biomass y i e l d .  

Now, come back t o  Ind iana ,  I d o n ' t  know of any way you could i n -  
c r e a s e  the  y i e l d  except  maybe by us ing  t h i s  g i a n t  cane. I d o n ' t  know a 
t h ing  about  i t ,  bu t  s i n c e  i t ' s  pe renn ia l  and you have g o t  t h e  ground covered,  
t h e  on ly  advantage t h e  g i a n t  cane could have over  corn i s  t h e  f a c t  t h a t  i t  
covers  t h e  ground a l i t t l e  b i t  qu i cke r  s o  you could ge t  a l i t t l e  b i t  more 
growth o u t  of  i t .  

A s  you go south ,  you g e t  t h e  corn  t h a t  has  a l i t t l e  longer  grow- 
i n g  season and. you can grow a l i t t l e  b i t  more because you have more time, 
more warm weather . 

Now even tua l ly  you g e t  down t o  a p l ace  where your corn  does n o t  
occupy the  whole growing season and t h i s  i s  where kenaf comes i n .  I th ink  
t h a t  Dale pointed o u t  t h a t  a C 3  p l a n t  produced about  two- th i rds  of what a 
C 4  p l a n t  would i n  rough f i g u r e s ,  s o  you th ink  i n  terms of  200 pounds per  
a c r e  per  day f o r  a C 3  p l a n t .  W e l l ,  i f  you have g o t  a season t h a t  i s  too  
long f o r  your corn  t o  use you can put a l i t t l e  kenaf i n  and kenaf w i l l  grow 
l e s s  per  day,  b u t  a few more days ,  s o  you have g o t  t o  go f a i r l y  f a r  sou th  
t o  g e t  enough t i m e  s o  t h a t  t h e  kenaf w i l l  g ive  you more d ry  ma t t e r .  But 
aga in ,  of  course ,  your g i a n t  cane w i l l  grow j u s t  a s  f a s t  a s  co rn  and w i l l  
s t a r t  q u i t e  a b i t  e a r l i e r .  So you d o n ' t  ga in  anyth ing  by changing from 
corn  t o  some of  t he se  o t h e r  t h i n g s ,  t o  kenaf and t o  t h e  g i a n t  cane,  u n t i l  
you r each  a p o i n t  where your co rn  d o e s n ' t  grow long enough t o  occupy t h e  
whole season.  

Now, we come t o  t h e  q u e s t i o n  of  water .  Up c l o s e  t o  t h e  c o r n b e l t  
you hear  a l l  t he se  Nebraska people  brag  about  t h e i r  c o r n  and Iowa people 
brag  about  t h e i r  corn.  I d o n ' t  t h ink  many o f  them know r e a l l y  why they grow 
i t  i n  t he  c o r n b e l t .  You a r e  no t  i n  t h e  c o r n b e l t  because you have g o t  a more 
f avo rab l e  growing season,  because i t ' s  even b e t t e r  i n  Kentucky and Alabama 
and even F l o r i d a  a s  f a r  a s  t he  growing season i s  concerned. You grow corn  
i n  t h e  c o r n b e l t  because you have go t  a l o t  of  water  s t o r e d  i n  t h e  ground. 
You can s t o r e  about  10 o r  11 inches  of water .  This i s  j u s t  a b u i l t - i n  irri- 
g a t i o n  system. And where you have go t  t h a t  s o r t  of s o i l ,  t h i s  i s  what i t  

' 

t akes  t o  your r e a l  p roduct ion ,  because i n  F l o r i d a  if we d o n ' t  g e t  r a i n  
f o r  a week, why, we have g o t  a p r e t t y  s e r i o u s  drouth .  Our water  s t o r a g e  i s  
l e s s  than a n  inch per  f o o t .  Up i n  Iowa, w i t h  10 inches  of water  s t o r e d  i n  
t he  s o i l ,  you can grow corn  f o r  a month and a h a l f  wi thout  r a i n ,  wi thout  
r e a l l y  g e t t i n g  h u r t  f o r  water .  T h a t ' s  t he  kind of  land t h a t  you have t o  
pu t  t o  i t s  most p r o f i t a b l e  use.  



Another po in t  I would l i k e  t o  make is  t h a t  t h e r e  i s  no p l a n t  t h a t  
has  a  s e c r e t  way of  producing wi thout  water .  The r a t i o  between water  and 
d r y  mat te r  i s  about  t h e  same. So t h e r e  i s  no ,magic p l a n t  t h a t  i s  going t o  
come on the scene  t h a t  i s  going t o  l e t  you produce more d ry  mat te r  wi thout  
wa te r .  You can do i t  wi th  c a c t u s ,  o f  course ,  b u t  your rate of product ion 
i s  p r e t t y  low. I n  gene ra l ,  t he  C 4  p l a n t s  can produce d ry  mat te r  w i th  j u s t  
a  l i t t l e  b i t  l e s s  w a t e r - - t h a t ' s  s o r t  of a  new idea ,  I think--and a l s o  l e s s  
n i t rogen .  So they have those advantages.  

I hope I have given you a  p i c t u r e  of how t o  th ink  about  t h e s e  p l a n t s  
and t h e i r  a b i l i t y  t o  produce. T h r e e  hiindrerl pounds--4 bushe ls  a day, j u o t  
remember t h a t  f i g u r e  and then you can s t a r t  from t h e r e  and you can f i g u r e  
o u t  how muoh d r y  mat te r  you can produce d l l u u s ~  anywhere with arly klnd of 
p l a n t .  

DR. KEIHL: F i r s t  c j f  a l l ,  I want t o  c o n g r a t u l a t e  t hose  who organized 
t h i s  conference.  I t h i n k  t h i s  i s  a  very t imely  s u b j e c t ,  biomass and energy r e -  
l a t i o n s h i p s .  I have t h e  g r e a t  addantage over most of you he re  because I haven ' t  
done any a c t u a l  r e s e a r c h  i n  t h i s  a r ea .  I am i n  admin i s t r a t i on  and s o  I observe 
what i s  be ing  done. 

We do have two p ieces  of work under way a t  t he  Univers i ty  of 
Missour i .  One of our  p r o j e c t s  involves biomass. We a r e  growing kenaf and 
some of  t hese  c rops  and looking a t  anaerobic  d i g e s t i o n  t o  produce methane. 
A second p r o j e c t  i s  us ing  animal wastes  i n  a  mekhane genera tor .  This p r o j e c t  
i s  now o p e r a t i o n a l .  We have had the  usual  problems of  c o n s t r u c t i n g  and t h i s  
s o r t  o f  process .  I n  t he  case  of t he  swine f a c i l i t y ,  producirlg methane, i t ' s  
now ope ra t iona l .  We don' t have the  d a t a  of c o s t s  and t h i s  s o r t  o f  t h ing  but  
i t ' s  a  r a t h e r  l a r g e  f a c i l i t y .  

The p r o j e c t  on us ing  a n  anaerobic  d i g e s t i o n  process  f o r  f i e l d  
c rops  w i l l  b e  o p e r a t i o n a l  t h i s  sp r ing ,  we.hope. We agaj..n have had weather 
problems i n  c o n s t r u c t i o n  and t h i s  s o r t  o f  th ing .  

A s  laymean viewing t h i s  a r e a ,  I th ink  we have t o  be concerned be- 
cause  of  some of t h e  th ings  I have heard and some that D r .  Duncan j u s t  men- 
t ioned  i n  t h e  a r e a  of c rops  and u t i l i z a t i o n  of  water  and n i t rogen  l o s s .  I 
was g r e a t l y  i n t e r e s t e d  i n  t he  comments made on s o i l  e ros ion  and I th ink  we 
have t o  f ace  up t o  t h a t  problem. 

Another problem, a s  I view it,, i s  t h e  c o s t  of handl ing bulky m a t e r i a l s  
And I d o n ' t  t h ink  t h a t  farm machinery companies a r e  c u r r e n t l y  producing equip- 
ment f o r  ha rves t ing  biomass. We s t i l l  have t h e  problem of coming out  on a . n e t  
b a s i s  and producing energy. We have t o  t ake  i n t o  account t h e  c o s t  of ga ther -  

i n g ,  haul ing ,  s t o r i n g ,  and t h i s  s o r t  of thing.  I th ink  a l l  o f  us must be 
concerned about  t h i s  a r e a  and c e r t a i n l y  look a t  t h i s  w i th  g r e a t  s e r iousness  



and d e d i c a t i o n .  Cer ta in ly ,we  h e r e  a r e  do ing  our small p a r t  t o ' h e l p  produce 
some answers i n  t h i s  a r e a ,  p a r t i c u l a r l y  from the  s t andpo in t  o f  a g r i c u l t u r a l  
bulk m a t e r i a l s .  

MR. MCPHEE: I w i l l  be  g lad  t o  make a  few comments about  t he  u t i l -  
i t y  po in t  o f  view of  u s ing  s t r aw  and c o r n s t a l k s  and o t h e r  forms of f u e l .  I 
a l s o '  t h ink  i t  might be  very  h e l p f u l  t o  t r y  t o  answer any ques t i ons  t h a t  any- 
body has  i n  t h a t  regard.'  

L e t  me say ,  f i r s t  of  a l l ,  t h a t  i n  the  u t i l i t y  bus,iness,  our  job 
i s  t o  provide a s  low a c o s t  of  r e l i a b l e  energy a s  we can and w e  a r e  i nc reas -  

i ng ly  concerned about  no t  a f f e c t i n g  t h e  environment whi le  doing t h i s .  Those 
concerns a r e  cons idered  p r e t t y  important  by t h e  r a t epaye r s .  They want t h e i r  
energy r e l i a b l e ,  they  want i t  a t  a s  low a c o s t  a s  p o s s i b l e  and they  have an  
i nc reas ing  concern w i t h  t h e  environment* 

The u t i l i t y  bus ines s  i s  l i k e  every th ing  e l s e .  1 t ' s  a  new b a l l  
game. There a r e  c o n s t a n t l y  new cha l l enges ,  new concerns,  new th ings  t o  
look a t  and cons ide r .  The p o s s i b i l i t i e s  of  o t h e r  f u e l s  i s  a  ve ry  a t t r a c t i v e  
idea .  However, a l l  a t t r a c t i v e  i deas  have t o  s tand  t h e  test  of  economics, 
and i f  i t  c a n ' t  s t and  t h e  test of  economics, w e l l ,  i t  simply won' t  be  used. 

From what I have heard on t h e  t a l k s  t h i s  a f t e rnoon ,  i t  d o e s n ' t  
sound a s  i f  t h e  farmers  p a r t i c u l a r l y  want t o  p a r t  w i t h  t h e i r  straw and t h e i r  
c o r n s t a l k s  wi thout  p roper  cons ide ra t i on .  This is  understandable .  On t h e  
o t h e r  hand, i t  has  t o  be  f a c t o r e d  i n  t h e  c o s t  of t h i s  product  and t h e  c o s t  
o f  us ing  i t .  And I heard q u i t e  a  l i t t l e  b i t  about  t h e  p repa ra t i on  o f  i t  and 
how i t  can be handled and t h i s  was a l l  i n t e r e s t i n g  and ve ry  in format ive  and 
sounded l i k e  i t ' s  r e a l i s t i c ,  bu t  I d i d n ' t  hea r  much about  t h e  c o s t  o f  modify- 
i n g  your b o i l e r s  and your equipment t o  handle  straw and c o r n s t a l k s  and th ings  
l i k e  t h a t .  I d o n ' t  know how much pe r  m i l l i o n  Btu investment i t  c o s t s  i n  o rde r  
t o  handle  biomass. 

C e r t a i n l y  t h e r e  i s  noth ing  wrong o r  t h e r e  i s  no l a c k  of a t t r a c t i o n  
i n  burning any f u e l  t h a t  makes economic sense.  Straw w i t h  7,000 Btu per  pound, 
no a sh ,  no s u l f u r ,  i s  very  a t t r a c t i v e .  That would be  g r e a t  i f  i t  makes eco- 
nomic sense.  We burn c o a l  t h a t ' s  l i k e  real estate. I t ' s ,  oh,  s l i g h t l y  be t -  
ter than s t raw i n  Btu, 8,000 Btu, 30 percent  mois ture ,  25 t o  30 pe rcen t  ash .  
Got a l l  k ind o f  problems wi th  i t .  But we burn i t  a t  a  f a i r l y  r e s p e c t a b l e  
rate. 

I n  Kansas C i t y  Power and ~ i g h t  our  whole system f u e l  c o s t s  l a s t  
year  was 60 c e n t s  a  m i l l i o n  Btu. That i s  less than  the  n a t i o n a l  average.  
W e  a r e  i n  a r a t h e r  low c o s t  f u e l  a r e a  because w e  can use  l o c a l  c o a l .  How- 
eve r ,  our  f u e l  c o s t s  a r e  i n c r e a s i n g l y  going up. We a r e  now b r i n g i n g  c o a l  
i n  from Wyoming and t h a t  c o a l  i s  running 70 and 80 and 90 c e n t s  a m i l l i o n  



~ t u .  So our  f u e l  c o s t s  have gone up. Our c o s t  was 30 c e n t s  a m i l l i o n  Btu 
i n  1970, '60  den t s  a m i l l i o n  Btu i n  1976, and i n  another  few yea r s  we w i l l  
b e  t o  a d o l l a r  and above a s  they a r e  i n  many p a r t s  o f  t h e  count ry  today. 

But t h e  f i g u r e s  t h a t  I heard on s t r aw  and c o r n s t a l k s  sounds l i k e  
$2 and $3 pe r  m i l l i o n  B ~ U  d e l i v e r e d  t o  t h e  p l a n t  and then I r e a l l y  t h ink  
t h a t  you have t o  look awful ly  hard a t  t h e  handl ing  a t  the  p l a n t .  

But c e r t a i n l y  we a r e  looking  under every rock t h a t  t h e r e  i s  f o r  
new i d e a s ,  new ways of  improving c o s t s ,  r e l i a b i l i t y  and t h e  whole b i t .  I 
t h i n k  i t  i s  v e r y  i n t e r e s t i n g  t h e  work t h a t  i s  going on i n  t h a t  d i r e c t i o n .  
Hopeful ly ,  t h e  work w i l l  con t inue  and maybe w e  can g e t  something o u t  of i t .  

MR. MILLER: I would l i k e  t o  pursue t h a t  v e r y  s l i g h t l y .  From my 
exper ience  i n  a l a r g e  r e s e a r c h  c e n t e r ,  I a m  thoroughly convinced, one, we 
should be  t h ink ing  b i g  and,  secondly,  w e  must never. s ay  i t  c a n n o t , b e  done. 
For example, we heard a g r e a t  d e a l  about  e ros ion  and y e t  w e  have a develop- 
ment a t  our r e s e a r c h  c e n t e r ,  something t h a t  we have dubbed super  s l u r p e r .  
This  super  s l u r p e r ,  a type  of g e l ,  i s  r e a l l y  a s t a r c h  b a t h  polymer i n  which 
some t r ea tmen t  of  ground s t a b i l i z e s  i t .  There i s  a g r e a t  d e a l  o f  work going 
on i n  double  c ropping  i n  which you can c o a t  w i t h  t h i s  g e l  and i t  w i l l  ho ld  
t h e  mois ture  and l e t  t h e  p l a n t  g e t  a jump, maybe a s  much a s . t w o  o r  t h r e e  weeks. 
There i s  one company i n  I l l i n o i s  who w i l l  v e ry  soon be  c o a t i n g  a g r e a t  d e a l  
o f  t h e i r  corn  w i th  t h i s  g e l  f o r  t h e i r  p l a n t i n g  and thereby hoping t o  hold 
t h e  mois ture  c o n d i t i o n s  because t h e  ge l  i s  n o t  t o x i c  t o  c rops .  Then t h e  
c rops  w i l l  p u l l  t h e  water  o u t  of  t h i s  g e l  and when you g e t  a l i g h t  r a i n  o r  
i r r i g a t e  t h e  c rops  i t  w i l l  ho ld  t h e  water  t h e r e  and make use go a l o t  f a r t h e r .  
D r .  Shrader a t  Iowa S t a t e  i s  experimenting w i t h  t h i s  ge l  and I b e l i e v e  t h a t  
h e  h a s  found e x c e l l e n t  r e s u l t s ,  p a r t i c u l a r l y  i n  t h e  poorer  s o i l s .  This is  
where i t  p a r t i c u l a r l y  works w e l l  and t h e r e  i s  a l o t  o f  work going on i n  des- 
e r t  c o u n t r i e s .  

And s o  I guess what I ' m  ~ a ' ~ i n ~ ,  I th ink  we should look a t  a l l  of 
t h e s e  v a r i o u s  t h i n g s  even i f  they come up nega t ive ,  because w e  need t o  know 
t h a t  a l s o .  But i n  t h e  long run ,  I th ink  we a r e  t a l k i n g  no t  on ly  near  t e r m  
b u t  long  term and we must r e s o l v e  many of  t he se  ques t i ons  and t h i n k  ahead. 

I guess  u n l e s s  some of our p a r t i c u l a r  members have something t o  say ,  
we c e r t a i n l y  welcome any ques t i ons  t h a t  any of t h e  conference a t t e n d e e s  have. 

QUESTION: I haven ' t  h e a r t  anyth ing  t h e  l a s t  2 days about t h e  l o s s  
o f  any t r a c e  elements.  I have heard about  t h e  replacement of  phosphorus and 
n i t r o g e n .  b u t  what about  t h e  removal of t r a c e  elements from t h e  s o i l ?  Are 
t h e r e  those  p re sen t  o r  ha s  t h a t  n o t  been any problem? 



DR. DUNCAN: This i s  s o r t  o f  a  hard q u e s t i o n  t o  answer. One 
would t h ink  i t  most u n l i k e l y  t h a t  t h e r e  would be  s e r i o u s  d e p l e t i o n  of t h e s e  
t r a c e  elements  f o r  a long  time, depending on s o i l s .  There a r e  s o i l s  t h a t  
a r e  d e f i n i t e l y  d e f i c i e n t  and i n  most ca se s  t h i s  d e f i c i e n c y  i s  more a  so lu-  
b i l i t y  problem than i t  i s  an  a c t u a l  t o t a l  amount problem, a t  l e a s t  t h a t  h a s  
been our  exper ience  i n  Kentucky. Some s o i l s  l a ck  every th ing ,  you have g o t  
t o  supply eve ry th ing  anyway. That i s  t r u e  of  some of our  F l o r i d a  s o i l s ,  
I ' m  s o r r y  t o  say.  But I d o n ' t  th ink  t h a t ' s  a  major problem. 

QUESTION: I would j u s t  l i k e  t o  expand a  l i t t l e  b i t  on what M r .  
M i l l e r  s a i d  about  t he  c o s t  o f  bagasse.  I have a  hard time accep t ing  t h e  

$1 per  m i l l i o n  Btu f i g u r e  f o r  bagasse because i t  has  j u s t  been a  g e n e r a l l y  
accepted  p r i n c i p l e  and i t  has  been handled under c o n t r a c t  eve r  s i n c e  t h e  
1920 ' s  t h a t  a  ton o f  d ry  bagasse i s  worth two b a r r e l s  of  f u e l  o i l .  So I 
th ink  bagasse would be worth $2.50 t o  $3.00 per  m i l l i o n  B tu ' s .  Now, t h i s  
f i g u r e  is  c a l c u l a t e d  on t h e  b a s i s  of  g e t t i n g  80% e f f i c i e n c y  wi th  t h e  f u e l  

o i l  f i r e d  b o i l e r .  Two b a r r e l s  of  f u e l  o i l  have 12 m i l l i o n  Btu and 80% of  
t h a t  i s  9,600,000 Btu. I f  you use  bagasse a t  50% mois ture  c o n t e n t  you g e t  
a  60% o v e r a l l  e f f i c i e n c y  i n  t he  b o i l e r ,  s o  i t  g ives  you the  same 9,600,000 
e f f e c t i v e  Btu. So I th ink  t h a t  t h i s  f i g u r e  of  $1 per  m i l l i o n  Btu j u s t  h a s  
t o  be  changed. I t ' s  a b s o l u t e l y  wrong and w i l l  never be  accepted by t h e  sugar  
i ndus t ry .  They w i l l  say,  "Well, we can burn t h e  bagasse ou r se lves  and gen- 
e r a t e  steam and power and why should w e  s e l l  i t  f o r  a  t h i r d  of what we can  
g e t  f o r  i t ." 

DR. BUCHELE: When I surveyed t h e  sugar  f a c t o r i e s  they were burn- 
i n g  bagasse i n s t e a d  of n a t u r a l  gas i n  Louis iana  a t  $2.40 per  m i l l i o n  Btu. 

QUESTION: I th ink  you have t o  put  i t  on t h e  b a s i s  of  f u e l  o i l  
because gas  i s  n o t  going t o  be  a v a i l a b l e  f o r  u t i l i t y  use even tua l ly .  You 
have t o  pu t  i t  on a r e a l i s t i c  va lue .  The p r i c e  of  n a t u r a l  gas  i n  many p l aces  
i n  Louis iana  i n  some p l aces  is  s t i l l  30 c e n t s  a  thousand, which is i n  long- 
term c o n t r a c t s ,  b u t  when those  run  o u t  they w i l l  be  paying t h e  i n t r a s t a t e  
p r i c e .  

MR. McPHEE: I might comment t h a t  our  f u e l  o i l  is $2.50 a m i l l i o n  
Btu and you a r e  completely r i g h t ,  t h e  l i t t l e  l ead  t h a t  you can g e t  f o r  a  
d o l l a r  i s  gone. ~ t ' s  going t o  go up t o  $2.50 and $ 3 ,  and c e r t a i n l y  you 
have go t  t o  t h ink  i n  those  berms. 

QUESTION: I would l i k e  t o  have D r .  Duncan add re s s  himself  t o  
some of  t h e  maximum product ion  of  biomass. H e  mentioned t h e  6 bushe ls  a  
day i n  Ind i ana .  A s  you move oa down i n t o  F l o r i d a  and i n t o  t h e  year-round 
growing seasons ,  what kind o f  maximum product ion  do you th ink  o f?  



DR. DUNCAN: You r u n  i n t o  l i g h t  problems i n  F l o r i d a  i n  t h e  w in t e r -  

t ime. You d o n ' t  g e t  a s  much growth' a s  you would l i k e ,  but  a s  long a s  you can 

keep a green  s u r f a c e  i n t e r c e p t i n g  s u n l i g h t  you can u s e . y o u r  s u n l i g h t - - t h e  
more s u n l i g h t  you have t h e  more growth you w i l l  g e t ,  of  course ,  b u t  i n  maximum 
f i g u r e s  I d o n ' t  know t h a t  I could g ive  it t o  you. 

QUESTION: You t ake  your 300 pounds a day times 360 days,  you have 
somewhere around 50. ton  per  a c r e .  1s t h a t  eve r  obtained'! 

DR. DUNCAN: I was t a l k i n g  about  t h e  6-bushel day as being p e r f e c t  
wea ther .  You might do t h a t  down i n  t h e  t r o p i c s  on top  of  a mountain some- 
where where i t  never  r a i n e d  and you suppl ied  t h e  water  by i r r i g a t i o n ,  b u t  
t h a t ' s  a n  a b s o l u t e  top  f i g u r e .  

Could I amend a n  answer t h a t  was given a moment ago? The problem 
o f  sugarcane i n  Hawaii would be  t h e  b e s t  example of  a maximum y i e l d  c rop  and 
i t  would be  on  t h e  l e a v e s  t h a t  a r e  l o s t .  They a r e  going t o  p l a n t  every 2 
y e a r s  t h i s  C4 crop  and under i d e a l  cond i t i ons  o r  very  n e a r l y  s o  t h e  y e i l d  
o f  sugarcane  i s  40 o r  50 tons  per a c r e  per  year .  

QUES'I'ION: M r .  Miller, your f i g u r e  o f  34 c e n t s  c r e d i t  o f  t h e  d i s -  
t i l l e r s '  g r a i n  t o  t h e  a l c o h o l  i s  a s i g n i f i c a n t  p o r t i o n  o f  t h e  economics of  
producing a l coho l .  What happens when you s t a r t  producing a l o t  of  a l coho l  
and ,  t h e r e f o r e ,  s t a r t  producing a l o t  of  d i s t i l l e r s '  g r a i n .  How b i g  of  a 
f a c t o r  o f  t h a t  p r i c e  of d i s t i l l e r s '  g r a i n  a r e  you going t o  have? J u s t  know- 
i n g  t h e  market a l i t t l e  b i t  myself ,  I expected t h e  amount you could c r e d i t  
t o  t h a t  d i s t i l l e r s '  g r a i n  i s  r e a l l y  going t o  drop when you f lood  t h e  market 
w i t h  8 l o t  o f  d i s t i l l e r s '  g t a i n ,  Do you have any comment on t h a t ?  

MI?.. MILLER: I real.1.y c8.n' t. answer yoilr qiiesti.on. T.'m su.te t h a t  
i f  we g o t  int .0  tremendous volume t h e r e  would be  a n  e f f e c t  i n  he re .  However, 
as I say ,  I o n l y  p r i c e d  t h e  byproduct c r e d i t  a t  34 c e n t s  per  g a l l o n  of  a l co -  
h o l  produced and i t  probably should be  p r i ced  h ighe r .  

Also  w e  must r ecogn ize  t h a t  even t h e  q u a n t i t y  w e  a r e  t a l k i n g  about  
i s  a r a t h e r  i n s i g n i f i c a n t  p a r t  of  t h e  t o t a l  p r o t e i n  c o n c e n t r a t e  market i n  
t h e  United S t a t e s .  I b e l i e v e  t h i s  market i s  something l i k e  30 m i l l i o n  tons  
a yea r .  ~ a y b e  even a l i t t l e  b i t  more. So even i f  w e  were producing tremen- 
dous q u a n t i t i e s  o f  d i s t i l l e r s  g r a i n  i t  would be  a smal l  p a r t  of  t h e  t o t a l  
p r o t e i n  concen t r a t e  market. 

QUESTION: Corn is  $80 a ton.  What 1 ' m  a sk ing  i s  can you s u b s t i -  
t u t e  t h e  s t i l l a g e  d i r e c t l y  f o r  corn? 

MR. MILLER: The d i s t i l l e r s '  g r a i n s  have i n h e r e n t l y  c a r r i e d  a p r i c e  
h ighe r  than you would c a l c u l a t e  corn  because of '  t h e i r  p r o t e i n  con ten t  and 



a l s o  because i t  has  gone through a fe rmenta t ion  process  and has  growth fac-  
t o r s  which a r e  extremely va luab le .  

I was i n t e r e s t e d  i n  t h e  c h a r t  t h a t  was shown e a r l i e r  about  t h e  
r e l a t i o n  o f  corn  and d i s t i l l e r s '  g r a i n .  They r e a l l y  a r e n ' t  compet i t ive  
w i t h  each o t h e r  because corn  has  a l o t  of  energy from the  s t a r c h  and d i s -  
t i l l e r s  g r a i n  has  e s s e n t i a l l y  no energy. Of course ,  one t h ing  t h a t  i s  hap- 
pening r i g h t  now i s  t h a t  t h e r e  i s  a r e a l  sho r t age  of d i s t i l l e r s '  g r a i n s  and 
s o  t he  p r i c e  has  tended t o  go up a g r e a t  d e a l .  This i s  p r i m a r i l y  because 
everybody i s  d r ink ing  vodka and Scotch and t h e  bourbon d i s t i l l e r i e s  a r e  prac- 
t i c a l l y  a l l  s h u t  down. Therefore ,  t h e r e  i s  very  l i t t l e  d i s t i l l e r y  g r a i n  be- 
i n g  produced. 

I ' m  s o r r y ,  t h a t ' s  a l l  I can answer. I d o n ' t  know what e f f e c t  it 

would have, bu t  a g a i n  I p o i n t  o u t  even w i t h  t h e  q u a n t i t i e s  we a r e  t a l k i n g  
about ,  t h i s  p r o t e i n  concen t r a t e  would s t i l l  be  a small  p a r t  o f  t h e  t o t a l  
p r o t e i n  concen t r a t e  consumed i n  t h e  United S t a t e s  and t h e  world.  

QUESTION: I guess one of  t h e  kind of  s i d e  ques t i ons  I was a sk ing ,  
what kind o f  terms o f  product ion  might we be t a l k i n g  about?  Would we f lood  
t h e  market by 10 times t h e  amount of d i s t i l l e r s '  g r a i n  w e  have now o r - - I  
guess  I ' m  looking f o r  i deas  of  t h e  s i z e  of  p l a n t s ,  and s o  f o r t h .  

MR. LIPINSKY: When you make about  70 m i l l i o n  g a l l o n s  of  e thano l  
per  yea r ,  then you w i l l  g e t  about  3-112 m i l l i o n  tons of  d i s t i l l e r s  g r a i n .  
Now, t h a t ' s  a ve ry  s i g n i f i c a n t  amount and we t a lked  t h i s  over  w i t h  some o f  
t h e  people  who s e l l  t h i s  m a t e r i a l .  They have a s e r i e s  of. markets t h a t  they 
go i n t o  and t h e r e  is  a p o u l t r y  market t h a t  i s  very  l a r g e  t h a t  they could ex- 
p l o i t .  Right  now t h e  g r a i n  sells  f o r  $120 t o  $140 per  ton ,  b u t  you a r e  s u r e  
t o  knock t h e  p r i c e  down 20 o r  30% when d e a l i n g  i n  l a r g e  q u a n t i t i e s .  So 
t h i s  i s  one o f  t h e  reasons  why we a r e  u s ing  about  $105 per  ton and M r .  M i l l e r  
uses  $100. 

QUESTION: There has  been some d i s c u s s i o n  on t h e  use  o f  biomass 
a s  a t o p i c  f u e l  f o r  a f o s s i l  f i r e  e l e c t r i c  gene ra t i ng  p l a n t .  I wonder i f  
t h i s  i s  economically f e a s i b l e  as we1 1 as t echno log ica l ly  f e a s i b l e  f o r  gen- 
e r a t i n g  p l a n t s  t h a t  range i n  s i z e  from 400 t o  800 megawatts. 

MR. McPHEE: I doubt t h a t  t h i s  i s  economically f e a s i b l e  because 
i t  w i l l  c o s t  $2 t o  $3 per  m i l l i o n  But t o  g e t  t h e  m a t e r i a l s  t h e r e  and you 
would probably need a s e p a r a t e  system t~ burn the  m a t e r i a l .  You c a n ' t  v e r y  
w e l l  burn i t  w i t h  your c o a l ,  you have g o t  t o  do something e l s e .  So having 
t o  use  a s e p a r a t e  system would probably i n c r e a s e  t h e  c o s t  ano the r  d o l l a r  o r  
p o s s i b l y  2 d o l l a r s  per  m i l l i o n  Btu. I th ink  i t  c e r t a i n l y  i s  a worthy con- 
c e p t  i f  you can b r i n g  t h e  economics i n  l i n e .  But from what I have heard ,  
i t  d o e s n ' t  sound t o  me l i k e  t h e  economics a r e  very  a t t r a c t i v e .  



Bear i n  mind a l s o  t h a t  r e l i a b i l i t y  and cont inuous a v a i l a b i l i t y  of  
your f u e l  i s  important .  Suppose w e  a r e  t a l k i n g  about  s u b s t i t u t i n g  20% o f  
t h e  f u e l  w i t h  b i o k s s .  But w i l l  you have t h e  biomass f u e l  when t h e  snow 
i s  2 f e e t  on t h e  ground? You have t o  have f u e l  a l l  o f  t h e  days o f  t h e  year  
t o  run  b o i l e r s  of  t h a t  s i z e .  Biomass could s t i l l  have some va lue  on i n t e r -  
m i t t e n t  use ,  b u t  i f  i t  is  only  t h e r e  du r ing  t h e  f a i r  weather t h a t  a l s o  i s  
a d e t r a c t i o n .  

So I would l i k e  t o  s e e  i t  compet i t ive .  I t  d o e s n ' t  sound t o  me 
l i k e  i t  i s ,  c e r t a i n l y  a t  t h i s  po in t .  

QUESTION: Wouldn' t i t  be  t r u e ,  t h a t  s i n c e  f u e l  from biomass i s  
a  v e r y  h igh  q u a l i t y  premium f u e l ,  t h a t  t o  n o t  use t h i s  t o p i c  c y c l e  of a f u s e  
w i t h  peaking equipment, much o f  which i s  gas f i r e d  today, would n o t  g ive  i t  
a p r i c e  much h ighe r  than the  c o a l  p r i c e .  It i s  nor f a i r ,  i t  seems t o  m e ,  
t o  compare w i t h  t h e  d o l l a r  a  m i l l i o n  Btu f u e l  from c o a l  when we have such a 
h i g h  q u a l i t y  f u e l  i n  biomass. 

MR. McPHEE: Well, you have a p o i n t ,  in  hat i f  you  a r e  going t o  
u se  t h e  biomass f o r  flame s t a b i l i t y  o r  i g n i t i o n ,  i t  has  a  g r e a t e r  va lue .  
Na tu ra l  gas is  what w e  c u r r e n t l y  use  f o r  flame s t a b i l i t y .  But c o a l  is  t h e  
base  f u e l .  And f o r  biomass t o  be used a s  a base  f u e l ,  i t  has  t o  be  a v a i l a b l e  
a l l  t h e  time. I th ink  you have go t  a  problem of a v a i l a b i l i t y  w i t h  it.  

So I th ink  you would s t i l l  be  faced  w i t h  u s ing  something e l s e  p a r t  
o f  t h e  time. It would have, I th ink ,  a  h ighe r  va lue  than coa l .  I th ink  you 
a r e  r i g h t  on t h a t .  I n s t e a d  of comparing t h e  c o s t  w i t h  c o a l ,  you could .prob-  
a b l y  cons ide r  t h e  biomass a ' h a v i n g  a  v a l u e  of  $2 o r  $3 which is  what w e  pay 
f o r  o i l ,  f o r  t h e  occas iona l  u se  f o r  flame s t a b i l i t y .  But i t  d o e s n ' t  sound 
l i k e .  you can g e t  biomass f o r  t h a t  p r i c e .  

QUESTIUN: Well,  w i t h  today ' s  environmental d i c t a t e s  on burning 
c o a l ,  would n o t  a f u e l  l i k e  t h i s  even s u b s t a n t i a l l y  reduce t h e  c a p i t a l  in -  
vestment  i n  a n  A m e s  bo i l e r ' ?  

MR. McPHEE: I f  you had a  r e l i a b l e  supply o f  t h i s  f u e l  and you 
could  b u i l d  a  u n i t  t h a t  would on ly  burn t h i s  f u e l  you could save  a s u b s t a n t i a l  
amount of: c a p i t a l  expendi ture .  You wouldn ' t  have t o  pu t  i n  a  l o t  of: c o a l  
m i l l s  f o r  g r ind ing  coa l  and you wouldn ' t  have t o  put  i n  $30 m i l l i o n  e l e c t r o -  
s t a t i c  p r e c i p i t a t o r s .  You would have t o  pu t  something i n  b u t  no t  of  near  t h e  
magnitude. But t h e r e  would have t o  be a  cont inuous r e l i a b l e  supply of  t h i s  
f u e l .  I th ink  under t hose  c o n d i t i o n s  then you could b r i n g  your c a p i t a l  c o s t s  
down and I th ink  p o s s i b l y  t h a t  might be  i n t e r e s t i n g .  But I th ink  you have 
g o t  a  r e a l  problem on cont inuous a v a i l a b i l i t y .  You a r e  going t o  have t o  
have t h e  straw a l l  t h e  days o f  t h e  year .  



MR. McPHEE: The po in t  I ' m  making i s  t h a t  i f  you have i t  cont inu-  
ous ly  a v a i l a b l e  then  you can r e a l i z e  a  lower c a p i t a l  investment.  I f  i t  i s  
going t o  be  i n t e r m i t t e n t l y  a v a i l a b l e ,  then you have t o  be  a b l e  t o  burn c o a l  
o r  biomass e i t h e r  one. Then you a r e  faced  wi th  t h e  c o a l  investment p lu s  
whatever you have t o  have f o r  t he  biomass investment.  

QUESTION: I n  your u t i l i t y  system, do you have peaking p l a n t s  
and i f  you do what i s  t h e i r  s i z e ?  

MR. McPHEE: Yes, we do have. W e  a r e  d e f i n i t e l y  a  peaking u t i l i t y .  
We have a n  annual  load f a c t o r  o f  48 t o  49 percent  and t h i s  i s  ve ry  low. The 
average  u t i l i t y  w i l l  run  maybe 55 pe rcen t  o r  some of  them maybe up t o  60. 
So w e  use  combustion tu rb ines  f o r  peaking. We a l s o  use  o ld  equipment, equip- 
ment t h a t  i s  kind of  on i t s  l a s t  l e g s  and we l i m i t  i t  t o  t h e  say ,  400, 500, 
600 o r  1,000 hours  a yea r ,  and combustion tu rb ines  a r e  t h e  equipment we a r e  
p u t t i n g  i n  now. They do burn o i l .  

QUESTION: And they a r e  s i z e d  a t - -  

MR. McPHEE: F i f t y  megawatts each. W e  have about  1 0 - - a l l  t he  way -- 
from 10 to  20% o f  our  capac i , ty  i n  peaking capac i ty .  

QUESTION: I would l i k e  t o  make a  couple  comment; from t h e  farm 
s t andpo in t .  I do have some farm i n t e r e s t s .  I f  t h e  p r i c e  i s  t h i s  $2 which 
I can conve r t  back t o  $32 a '  ton ,  is '  t h a t  f a i r ?  Half o r  two- t h i r d s  of  t h a t  
i s  no t  t h e  farm end of i t ,  d e l i v e r e d  p r i c e s .  The farmer reaches  a  cont inu-  
ous supply,  I th ink  year  around. I h a v e n ' t  seen  a  farmer y e t  t h a t  c o u l d n ' t  
b e a t  t he se  f i g u r e s  t h a t  I have seen  he re .  

The o t h e r  obse rva t ion  I had was t h a t  i f  you r e a l l y  want t o  con- 
s e r v e  f u e l ,  I mean f o s s i l  f u e l s ,  we w i l l  have t o  g e t  t h e  p r i c e  of  them up 
and a l l  t h e s e  o t h e r  f u e l s  w i l l  be p r a c t i c a l  aga in .  I th ink  w e  know t h i s  
a l r e a d y .  I th ink  a s  p r i c e s  go up then t h e s e  f u e l s  w i l l  be  f e a s i b l e  and 
w i l l  t ake  c a r e  o f  themselves,  they w i l l  b e  used then. 

MR. MILLER: The comment I have j u s t  heard and s e v e r a l  t h ings  
over  today ' and  yes t e rday  bo the r s  me a l i t t l e  b i t .  We g e t  t o  t a l k i n g - a b o u t  
supply o r  a l c o h o l  product ion  and i t  appears  t h a t  a l l  t oo  o f t e n  i t  keeps 
be ing  brought  up t h a t  w e  w i l l  do t h i s  when cond i t i ons  a r e  such and such and 
w e  w i l l  do i t  when w e  have t o  have a  s u r p l u s .  R e s t  a s su red ,  I spend many 
a  year  i n  t h e  chemical i n d u s t r y  and t h a t  i s  no t  t h e  way i t  runs .  I f  you a r e  
producing-- i f  you have an  a l cohd l  p l a n t ,  I d o n ' t  c a r e  what s i z e  i t  i s ,  f i r s t  
o f  a l l  you have t o  develop t h e  customers f o r  t h e  ou tput  of  t h a t  p l a n t ,  and 
s o  they look t o  you f o r  supply.  So a f t e r  you have supp l i ed  them 1 year  t h e  
next  year  you say ,  "Well, I d o n ' t  t h ink  we w i l l  produce a l coho l  a g a i n  t h i s  



yea r ,  i t  i s  a l i t t l e  b e t t e r  t o  se l l  t he  g r a i n  o r  s h i p  t h e  g r a i n  t o  Russia  
o r  something l i k e  t ha t . "  Rest  a s su red ,  you come back t o  s t a r t  t h a t  p l a n t  
a g a i n  you d o n ' t  have customers any more and you aFe n o t  going t o  g e t  cus- 
tomers. So i f  you are going t o  put  i n  a p l a n t ,  you have t o  c e r t a i n l y  set 
a base  product ion ,  a t  least,  f o r  your f i x e d  customers on c o n t r a c t  and supply 
t h a t  year  a f t e r  year  on a r e g u l a r  b a s i s .  Otherwise,, you j u s t  might a s  w e l l  
f o r g e t  t h a t  p l a n t .  And t h a t ' s  t h e  way t h a t  I have seen  i n d u s t r y  work. Ex- 
c e p t  i n  fimes o f  real s h o r t a g e s ,  you c a n ' t  s e l l  t h a t  m a t e r i a l  and t h e  proba- 
b i l i t y  i s  t h a t  when you g e t  ready  t o  s t a r t  t h a t  p l a n t  up aga in  you d o n ' t  have 
s h o r t a g e s  then.  

MR. LIPINSKY: May I j u s t  s a y  one th ing  about  bagasse.  The sales 
v a l u e  of  bagasse is  l i k e l y  t o  be  w e l l  above $1 pe r  m i l l i o n  Btu, i t  might be  
$2 o r  more. The $1 t h a t  we have been us ing  i s  t h e  c o s t s  t h a t  are a t t r i b u t -  
a b l e  t o  g e t t i n g  i t  t h e r e ,  g e t t i n g  i t  sepa~afed, scoring i t ,  and so forch. 
' In o t h e r  words, i t ' s  about  a d o l l a r .  per  m i l l i o n  Btu c o s t .  Now, once you have 
g o t  t h e  bagasse o r  o t h e r  r e s i d u e  i t  i s  a q u e s t i o n  of  how much you can se l l  
i t  f o r .  I f  you have i t  r i g h t  h e r e  a t  t h i s  p a r t i c u l a r  f a c i l i t y  and i t ' s  your 
own ammonia p l a n t  i t  may b e . t h a t  you a r e  buying i t  from your se l f  a t  a t r a n s f e r  
p r i c e .  Bu t  i t  c e r t a i n l y  is  t r u e  t h a t  i f  t h e  p r i c e  of  e l e c t r i c  power o r  some- 
t h i n g  e l s e  went up enough, then t h a t  man has  g o t  t h e  c l a s s i c  problem t h a t  
everybody who processes  co rn  o r  anyth ing  else may p r e f e r  t o  do something else 
w i t h  t h e i r  r e s i d u e s .  So w e  have t o  keep our  c o s t s  a t t r i b u t a b l e  t o  g e t t i n g  
something t h e r e  ve r sus  what w e  can s e l l  i t  f o r .  
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