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WELCOMING REMARKS
John McKelvey, President

Midwest Research Institute

Welcome to Kansas City and to the Midwest Research Institute/
Battelle Biomass Conference. We're here under the sponsorship of ERDA--
The Energy Research and Development Administration--because what biomass
is all about is energy.

Since this conference was announced a few months ago, I've been
asked the same questions a dozen times. "What is biomass? Doesn't sound
like anything from any farms I know about. What's biomass got to do with
the energy crisis?" These are good questions. They go right to the point
of why these two days are so important to all of us--because there is an
energy crisis.

All you have to do to convince yourself of that fact is to look
at this past winter. A million-and-a-half people have been laid off because
their companies couldn't get the natural gas or the oil they needed to keep
plants open. The president asked all of us to set our thermostats at 65 dur-
ing the day and 55 at night. I think a great many people have done so. I
know we did at MRI and so did the other companies in this region. 1In Buffalo
they have had how many hundred inches of snow?! 1I've lost track. And they
had to close the schools in Columbus, 1In the Midcontinent Region and in the
Rockies, we've had the coldest winter ever with little or no rain or snow.
We may be entering a drought at the same time that winter is forcing us to
increase our energy consumption.

The energy crisis is real. We can see it. 1It's all around us...
in the newspapers...on television, There are more reports every day of how
energy--or the lack of it--affects us.

We can feel the energy crisis, too. We can feel it in the cooler
- temperatures at the office or at home, in the sweaters we're already accus-
tomed to bringing to work, and we can feel it in our finances. Our heating
bills are up, our electric bills are up, and our gasoline bills are up. If
it takes energy, its price is going up.

And it's not going to get any better--the worst is yet to come.
Parts of this country still have an abundance of natural gas. What's going
to happen when the energy 'haves" are asked--or ordered--to give up their
reserves to the energy "have-nots?'" What's going to happen when natural



gas becomes so rare that we can't afford to heat our homes with it? What's
going to happen when power plants, factories, light industries can't at any
price get the gas they need to stay in operation--the gas they need to keep
people working?

I don't know. And, I'd be surprised if anybody in this room knew--
or if anybody in Washington knew. Because right now, the only thing we all
know io that the euergy vrlsis 18 With us right now, and is not part of a
business conspiracy. But while we can see and touch the problem, that's not
enough,

What we can't see and touch are the solutions. We don't know how
to eliminate the energy crisis. We don't have any pat anawers. We dou't
even know all the questionms. :

But we do know that the long-range solutions to the problem are
going to require us to think in new directions. We know that no single area
of research is likely to supply all the answers. But rather the ultimate
solution is going to be a combination of solutions--each contributing some-
thing to the whole.

Qur resonrcefulness is boing challenged Lu Lhe 1imit by the demands
for energy--today. In laboratories and test facilities all across the country,.
researchers are looking at new and old sources of energy. They're looking
at atomic fusion, at windmills, at ocean tides and temperature differences,
at solar panels, and at turning coal into gas and oil shale into usable petro-
leum,

And they're looking at biomass. Biomass is a new word in our vocab-
ulary. It's a word whose importance in the energy picture is certain to in-
crease, because biomass holds great promise as one of those new directions
for energy research. 1t can be part of an answer that ultimately'eliminates
the energy crisis.

A few minutes ago, I said that people have asked me about biomass.
They want to know what it is. By tomorrow afternoon, all of you will know
about biomass and its potential. For now, I'm telling people that biomass
is any plant, or plant leftover, that can be grown within the limits of
conventional agriculture and can then be converted into some form of usable
energy.

Biomass can be as exciting as a new hybrid grass or grain--or as
dull as corn cobs, It can be the straw from wheat cattails--or even giant
reeds. ‘lhe point is that vegetation that once was considered waste, or even
weeds--and was plowed back into the ground--now is being looked at for its
energy content,




That's what brought all of us together today. In these two days,
you're going to hear a great deal about biomass. There will be many oppor-
tunities to ask questions--and I hope you will. And I hope you'll leave
Kansas City with some new ideas of your own that can be implemented wherever
you live.

Thank you all for coming. I'm looking forward to a most interest-
ing meeting.



ERDA'S FUELS FROM BIOMASS PROGRAM
Dr. Roscoe F. Ward, ERDA,
Division of Solar Energy

What I would like to do io present an oveiview ul what Is currently
happening within our program in order to provide a basis for understanding
what we are trying to accomplish and how we expect to accomplish it,

Fuels from biomass has as its goals and objectives to investigate
and demonstrate the feasibility of utilizing agricnltural, forest and animal
residues to produce clean fuels and petroéhemical products. We make a big
differentiation between residues and wastes. Wastes are something that you
have to get rid of, that you will pay to get rid of, whereas the residues
we are dealing with have an economic value and we are going to have to, in
most cases, pay to obtain these. So there is a big difference in the treat-
ment and the processes. We would like to develop and demonstrate the tech-
nology for the economic production and harvesting of terrestrial and aquatic
biomass. We are not limiting ourselves to soil-based agriculture only, but
we are also investigating marine forms of agriculture.

We want to perform research, demonstration and development on the
processes which show potential for economic conversion of terrestrial and
aquatic biomass. We want to try and develop research and technology for the
production of hydrogen, biophotolysis and photoelectrolysis, These last two
processes are ones that have come under my and the other prograwm wmanager's
jurisdiction. Also, we need to try and provide the ndtien with some petro-
chemicals and other energy intensive products.

If we look at the program, we really talk about three parts. We
talk about the sources, we talk about the conversion processes that we can
utilize, and we talk about the end products.

People seem to envision that the fuels from biomass program has an
endless source of funds, that we can fund every project around the country,
and they don't understand our resources are limited. This year we have about
$12.7 million., About $4 million will go into production research and the
balance of that into conversion research. President Carter has upped these
funding recommendations for next year to about $20 million.

To try to get some sort of perspective, we often think in terms of
current residues, as providing a value of unity. Our present estimates are
that maybe we can produce 10 to 15 times that number using marginal lands or
other areas. And aquatic biomass is a number we haven't even tried to define.



Many people come in and say, well, how about using municipal wastes? If 
you try and put a value on municipal wastes, that is only about one-tenth
that value of current residues and again there are a number of problems
with these.

We have had these series of systems studies on terrestrial bio-
mass. Battelle Columbus reported last fall on their sugarcane, sugar-
beets and sweet sorghum study. The Mitre Corporation had a review two
weeks ago on silviculture. The MRI and Batelle projects are part of our
third study on grains and grasses and corn. We do have some field experi-
ments underway and starting. We are trying to use the systems studies as
a basis to determine what the opportunities are and whether we even should
ask Congress for funds in this area. In other words, we are trying to
determine a basis and a potential utilizing these studies.

We are off already into harvesting equipment. This is a cooper-
ative undertaking with the forest service as well as with a number of other
industries and with ERDA taking a major portion of the funds. There has
been a harvester developed which will be utilized for cleaning up woodland
areas, which will produce chips, which we can utilize as a fuel source.

So we do have some active contracts which are trying to take care of some
of the immediate needs.

Aquatic biomass is an area in which we have some field studies
going on. This will be the last of our systems studies which will try
and provide the overview for us of the potential of the total area.

If we look at the conversion processes in a little more detail,
this is the general scope of the processes that we are investigating.

Anaerobic digestion is the one process that we are currently
putting most emphasis on. We have requested proposals for a pilot plant
which will process about 40 tons of animal residues per day. We have a
number of experimental facilities which are operating now. Hamilton
Standard is operating a facility at Greeley, Colorado, at the large Mumfort
lot. Ektope, of the State of Washington, has a dairy digester and a joint
agreement with the USDA at Clay Center. We have a series of supportive
research and development projects at universities.

Another conversion process we are looking at is fermentation.
Thus far we have only emphasized enzymatic hydrolysis. All of these fer-
mentation projects are laboratory projects at the present time. A lot of
these processes are relating to alcohol and other petrochemical substitutes.
Again we are interested in proposals in the area of acid hydrolysis, as we
feel this has some potential.



A third conversion process is biophotolysis. This is a longer-
term project. The purpose of the project is to examine direct production
of hydrogen by biological means. This is one of our projects off for the
future,

Liquefaction is the fourth conversion process we are investi-
gating. We have a project which was started under the Bureau of Mines which
is now in startup.

Photoelectrolysis is another conversion process we are currently
investigating. We have three projects currently in this area.

Part of the reason for the systems studies is to determine if fuels
from biomass is economically viable. what we have to try and do Ls Lake
the biomass production value and link it to a conversion process gnd see
what sort of value we obtain for the fuel produced. For example, we are
working now with animal manures. The estimated value that we feel we are
going to have to pay for animal manures is from $1 to about $4 a ton.
Using current technology, our estimates from a study which Dynatech has
completed for us indicate that we can produce natural gas at about $2 a
million Btu's using manure, We would have been glad to have had this methane
at $2 a million Btu during this past winter.

But if we look toward the longer term the agricultural crops and
give that $1 a million Btu and then decide to go anaerobic digestion, this
will cost $3 a million Btu. Are we really willing to pay this price and
can we really produce it in quantities that are significant in the long
term?

These are all prelimniary ftigures. We hope that thi§ conference
will provide some better figures and some better information upon which to
base decisions in the future, The goal of ERDA is to try and commercialize
these processes in order to help with the energy needs of the country,

L would emphasize for those in industry that the policy of ERDA
is if there is ever a decision between a university or a government lab or
industry, the decision will be made for industry, The reason for this is
that we feel that the only way we can commercialize these processes is by
working with industry,




AN AGRONOMIST'S VIEW OF BIOMASS PRODUCTION

Dr., Dale N. Moss, Professor of Agronomy,

University of Minnesota

An agronomist dealing with any kind of crop situation summarizes
his thinking in three different areas.  The first is, what is the desired
product, The second is, what particular genotype of a particular plant
species will we be dealing with. Varieties of corn or varieties of wheat,
these things become very important in any agronomic situation. And thirdly’
the agronomist deals with management., How do you take this particular
variety of a particular crop and get it to function to give you the de-
sired product?

What is biomass? Let me give you a little bit different defini-~
tion of it, The product we are really dealing with is carbon to carbon
bonds. These carbon to carbon bonds are where the energy comes from. And
it's these bonds that we have gbt to worry about when we are talking bio-
mass from an agronomist's point of view. The process by which we get those
carbon to carbon bonds is, of course, the process of photosynthesis.

In the process of photosynthesis we are dealing with two separate
photo acts. What happens in a green plant is that you have networks of
chlorophyll molecules, It turns out that there are about 200 of them as-
sociated in a network which is known as Photo System II. These chlorophyll
molecules are sort of wired together in such a way that if one of those
chlorophyll molecules is able to capture a quantum of light, a photon, then
. it is able to shuttle that energy to a trapping pigment. Then you can use
that energy to extract an electron from the water molecule. You bleed the
water molecule, and release oxygen in the process. Also in the process this
electron is pushed to a more negative EMF, it has more chemical potential
energy. Then there is a whole series of compounds along which this electron
flows in getting down eventually to Photo System I. 1In-the process of
woving thrbugh these compounds, ADP, a compound with two atoms of phosphate
per molecule is changed to ATP, a compound with three atoms of phosphate per
molecule, This is one of the kinds of energy currency that the plant uses.
This ATP has a high energy phosphate bond and the plant is able to extract
energy from that to perform certain synthetic processes.

The electron eventually ends up in another complex of a couple of
hundred molecules of chlorophyll, known as Photo System I, and you get a
second quantum of light absorbed., The electron is again kicked up to a more
negative EMF. You eventually end up with the compound ferredoxin, where you
have the reducing potential to reduce the compound NADP, giving you an end



product of NADPH. Here again there is a high energy bond in this NADPH and
the plant can utilize that bank of energy, then, to perform various processes,

The Calvin scheme of photosynthesis, developed by Melvin Calvin, ex-
plains further the process of photosyntheéis. First the carbon dioxide en-
ters the plant, It enters because you have a compound in the plant called
ribulose-1.5-diphosphate, which in the presence of the proper enzyme will re-
act with carbon dioxide. An important point is that in order to get to this
ribulose-1.5-diphosphate you must have ATP. 1In fact, the ribulose-1.5-diphosphate
has a high eenergy phosphate bond which was formed by extracting the energy
from ATP. '

ATP is again consumed in the conversion of 3-phosphoglyceric acid.
Also, NADPH is consumed in order to convert to glyceraldehyde-3-~phosphate. So
you can see the energy that has been gtored in the elcctron capture process
then is used to make carbon to carbon bonds and to make interconversions in
the plant.

From what happens in the phatosynthetic process and from other re-
actions that must go on in plants we can calculate that it takes about 10
photons of light energy in order to reduce one molecule of carbon to the
average reduction level that we find in plants,. Or if we look at this in a
larger unit that's more convenient to work with, we see that 10 einsteins of
red light are utilized to reduce one mole of carbon dioxide to the average
reduction state found in plants. And it is a very simple thing to calculate
the energy contained in these 10 einsteins, since only visible radiatiom is
used in the process of photosynthesis. The amount of energy that is con-
tained in 10 einsteins is about 520 kilocalories. And if you take this molc
of carbon that you formed and put it in a calorimeter and burn it, you will
find that it will give up about 105 kilocalories of energy. Then if you
simply take the ratio of the amount of energy available from the carbon in
the plant by the amount of energy used to produce this carbon, you will come
out with the fact that the process of photosynthesis has a theoretical ef-
ficiency limit of about 20%. Now, that's true if we are correct in the
various assumptions that we make when we say there are 10 quanta required in
order to get one molecule of carbon into the plaﬁt.

Across the visible rangec sunlight has a fairly flat distribution.
Of the total energy in sunlight about 45% of it lies in this visible range
and about 50% is in the infrared range. And only the visible portion
is effective 1n the process of photosynthesis,




There is one other thing we have to deal with when evaluating the
plant's efficiency for turning solar energy into carbon bonds and that's the
fact that if you have a plant cover and solar radiation coming down on those
plants, not all of the radiation is availble for use by the plants. There are
various things that happen to the radiation, but the one we need to look at
is the reflection of radiation from the plant cover, About 10% of the radia-
tion that strikes a leaf is reflected back.

What does all this mean? Solar radiation is about 45% visible if
you take the total solar spectrum, Leaves will reflect about 10% of the visible
and we talked about the theoretical efficiency of the photosynthetic process
itself is about 20%. You simply multiply these things together and you get 0.45
times 0.9 times 0.2 for a theoretical efficiency for a plant cover of about
8%. So if we had plants functioning absolutely perfectly in the field, we
could have an 8% solar collector, That's the kind of limit we are working
with.

Now, can anything be done about that? Absolutely nothing as far
as we know. All plants use the same process to fix their carbon ultimately.
It even happens in some of the bacteria that they run a very similar kind
of program not utilizing chlorophyll, but we don't know of any way of getting
these carbon to carbon bonds other than the one we have outlined. In fact,
it looks like in terms of the energetics of the process that this is about
the limit that we are faced with,

We want to talk now about how plants use the system that they have.
It turns out that plants use their photosynthesis system quite differently.
According to how they use their system plants can be broken down into two
basic groups, the C3 and C4 plants.

Orchard grass, red clover, sugarbeet, tobacco, wheat, oats, barley,
all of our temperate grasses, and many other crop plants would fall in the C3
group. They have two characteristics. One is that at about one-third or one-
fourth the intensity of full sunlight an individual leaf of these species be-
comes saturated with light., You can add more light to that leaf and you don't
get a faster rate of CO, fixation. The second characteristic of the C3 group
is that the amount of carbon dioxide entering the plant is about 20 or 25
milligrams per hundred square centimeters of leaf per hour.

~ The C4 group of crops responds quite differently. This group con-
sists of corn, sugarcane, sorghums, all of the tropical grasses, a lot of
dicot species, the common redroot pigweed, and many other plants. They have
a photosynthetic system in which they are able to capture much more carbon
dioxide given the same amount of light,



Now that may sound inconsistent with what we have said earlier,
but it turns out that these C4 species have developed an interesting evol-
utionary trait that aids them very much. One of the difficulties of run-
ning the photosynthetic system in plants at all is the fact that they get
their carbon from the air, and there is very little carbon dioxide in the
air, The process of photosynthesis, during any period of intense light, operates
at a CO, defict., One way to increase the photosynthesis is simply to provide
more carbon dioxide.

Well Mother Nature has done this in certain kinds of plants, the
corn plant and others being examples. What occurs in the corn plant is a
peculair arrangement of cells in the leaf. You have the vascular bundle
which you can think of as being a cylinder of pipe and then out from this
pipe you have fingers sticking. Around this pipe is a very solid cylinder
of very prominent dark green cells and then out from this cylinder of cells
actually you have fingers sticking out into the air spaces of the leaf.
Lt turns out that the kinds of arrangement has been put together where you
have a differentiation in terms of the type of cell and you have a dif-
ferentiation in terms of the type of chemistry in these different cells.

~ These finger cells, which are called mesophyll cells, sticking
out into the air, have a very large surface to absorb carbon dioxide. The
carbon dioxide reacts with a compound known as phospho-pyruvate, usually
called in this country phosphoenolpyruvate. But at any rate, what you
end up with is a reaction of carbon dioxide with a high energy phosphate
bond that is derived from ATP. You end up with oxaloacetate. This is
quickly converted to the compound malate. This compound contains four
carbon acids which is why these type plants are called C4 plants. You
have combined carbon dioxide with a three carbon compound and gotten a
four carbon compound, malate. The plant then shuttles this malate very
quickly into the cylinder of bundle sheath cells around the vascular bundle.
Once the malate gets in there, therc is an cnzyme which knocks off the
carbon dioxide. The pyruvate is then shuttled back out, Tn this whole
process all that has been done is the carbon dioxide has been fixed at
the surface of the slant and moved to the inner cells and released.

So in other words this whole process is a mechanism for concern-
trating carbon dioxide. It is actually a biological COp pump. You ex-
tract CO, out of the air at a very low concentration, shuttle it into the
cells and release it. The experimental evidence tells us that you end up
with a higher concentration of carbon dioxide in the cells where the
same photosynthetic process we have been talking about then occurs. The
important thing is this permits the plant under proper environmental con-
ditions to operate the photosynthetic process very rapidly.

There are other things that differ between the C3 and C4 groups
of the plants. If there were a concentration of, say, 25 parts per mil-
lion carbon dioxide around a wheat plant, it would have no photosynthesis.
In fact, it turns out that in low concentrations of carbon dioxide wheat
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will lose carbon all the time. It respires just 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, turn:the 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 CO, 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 of photosynthesis we simply have not 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. This happens all over the
world whereever these kinds of measurements have been made. 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.
5o 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 we are 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 4-1/2% maximum efficiency and so they end up being far below
the 8% theoretical maximum we were talking about earlier. 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 4-1/27 level,
which we know they are capable of doing.
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We have made a lot of measurements of photosynthesis of wheat and
barley and many other kinds of crops. Through these studies we obtained a
lot of infomation which shows photosynthetic rate as a function of time of
year. It increases to a maximum in about mid-June, and then falls off very
quickly.

Now if we take our data and plot the amount of photosynthesis as
a function of the amount of leaf that's over the land, it turns out that
plants will continue to increase their photosynthetic rate as their leaf
area is increasing. This rate then decreases as the plants are beginning
to mature.

What does this say? Tt says simply that in order to get maximum
growth rates, to get this high photosynthesis, we have got to come up with
some kind of a scheme of keeping a large leaf area over our land. And in
terms of management for biomass this becomes our very big problem,

We have attempted to keep a large leaf area over land by com-
bining crops, and even in Minnesota there is some potential of double
cropping. We planted rye in the fall of 1973 in one experiment. Then, we
harvested it on the 30th of May. We planted corn on the 15th of June. We
would have planted it on the 30th of May, but it began raining and we
couldn't get back on the land. And we harvested that after frost at the
end of the growing season.

The point is that the corn produced in the area of biomass about

9 tons per acre of dry matter, but it produced the same amount by plant-
ing a littlc bit later than the usual corn planting date, as it would
have done by devoting this land solely to corn. By putting winter rye in
.and using this early season, April and May, when corn wouldn't grow if

you planted it and, in fact, when it has no leaf area at all, we could
increase the total biomass production by almost 40 or 50%. We simply
provided a leaf cover there early in the season that would function in
cool weather.

I would also like to say just a little bit about some other kinds
of things we have done., One of our favorite agronomic crops in Minnesota
is the cattail, I have almost gotten chased out of the profession by grow-
ing cattails, But we have grown some in some little paddies. The cattail
is a plant which has a shoot growing up and a large storage organ which is
about 4 to 12 in, beneath the soil surface.

The rhizome is the underground stem of the cattail. The cattail
packs this rhizome full of starch. The cattail turns out to be kind of an
interesting plant for two reasons: it has a very high productivity in terms
of biomass and it's a very efficient producer of starch., Starch is a very
good chemical to go a number of directions from. If we are talking about
saving energy, using starch as a chemical feedstock might be an interesting
way to save a lot of energy in the country,
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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.
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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.
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UTILIZATION OF LAND WITH LIMITED CAPABILITIES

Dr. A. D. McElroy

Midwest Research Institute

The focus of our program is approximately 1 billion acres of land
devoted to agricultural production as cropland, pasture, and rangeland. A
major part of the program is devoted to determining where this land is and
what it is used for, as well as determining what one might do differently
to enhance the production of biomass.

Toward this end, we have taken advantage of information and data
developed in considerable variety and detail, primarily by the Department
of Agriculture, with the Soil Conservation Service playing a very important
role. Particularly important is the Conservation Needs Inventory of 1967
in which agricultural land throughout the country is categorized by land
use. These categories are crops of different types in pasture, range,
woodlands, farmlands and roads idle or under conservation use. The land
is also described in this inventory in terms of its production capabili-
ties, which are called land capability classes. There are eight major
classes and four subclasses, and there can be as many as 29 land use
classes. This is a tremendous county-based data system on computer tapes,
so one can use it as the basis for a variety of analyses.

The land capability classes are directly related to the current
use of the land as well as to its capabilities and serve as the basis for
developing altered production modes.

To further £ill out the background of data and information, we
have used the Stanford Research Institute inventory of crops and crop res-
idues, which SRI developed on a county-by-county basis and can be aggre-
gated in different ways. We have also taken 1969 Census of Agriculture
information provided on a county-by-county basis and have integrated this
into the data system.

An analysis of land utilization has the objective of describing
and quantifying the land and its production capabilities. The analysis
starts with the current situation and proceeds to an evaluation of pos-
sibilities for enhancing production capabilities through alternate utili-
zation schemes based on differing crop scenarios and differing or increased
utilization of land. The basis for these analyses is the various systems
of information which describe both the capabilities of the land and its uses,
with the analysis being particularly sensitive to possibilities for effect-
ing greater utilization of marginal land, idle land, and land which might
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perhaps be better utilized for biomass production instead of continuing in
its present use. We have chosen to use the land resource area (LRA), which
divides the country into 156 areas, as the basic unit for analysis. At
times it is convenient to use the land resource regions, which divide the
country into 20 regions, since these regions generally represent land arecas
which are fairly homogeneous in character and agricultural use.

What do we mean Ly allernate or improved utilization of the land
resource? We can think of using acreages which are now considered to be
idle; that is, they are in conservation use or in estates which are not ef-
fectively used for agricultural production. We can also think of modified
uses of land which is presently devoted to some productive use. For example,
pasture or range might be diverted to more productive uses. One can con-
sider increased use of wet soils which are not.particularly swited for . -
growth of ¢orn or other crops. Adapted crops in semiarid areas might be
considered for biomass production. A final option might emphasize the
growth of high biomass yielding crops in present productive cropland acre-
age.

Table 1 gives the 1975 statistics on crop and hay land acreages.
These statistics represent acreages planted to various crops or hay which
have been harvested. Acreages are tabulated for wheat, corn, hay, soy-
beans, other small grains, the sorghums, cotton, tobacco, vegetables and
fruits, and several crops which are lumped together as miscellaneous crops.
Wheat and corn are the major crops, followed closely by soybeans and hay.
Cotton and tobacco have not been included in our analyses of biomass pro-
duction, nor have fruits and vegetables and most of the miscellaneous crxops.
In 1975, 347 million acres were devoted to cropland production. From 450
to 470 million acres are, however, included in what is called cropland in
tillage rotation, as shown in Table 2. This acreage includes land in sum-
mer fallow, land in conservation, temporary pasture, and like categories,
which are considered to be in the tillage rotation. An approximately equal
acreage (about 465 million acres) is in pasture and range combined through-
out the country. The three major categories--c¢ropland, pasture, and range--
add up to about 950 million acres, which in broad terms is the resource con-
sidered to be available for biomass and food production from grasses and
grains. Included in the agricultural land category are 130 to 150 million
acres of woodlands and forests within the bounds of farms, and about 30 mil-
lion acres of land devoted to farmsteads, roads, barnyards, etc. The total
acreage adds up to about 1.1 billion acres.

A further breakdown of this land is shown in Table 3. The acre-
ages of planted and harvested grains and hay, including summer fallow, are
usually in the range of 335 to 380 million acres. That land not specifi-
cally in cropland production, i.e., used as temporary pasture or in con-
servation use, ranges from about 90 to 130 million acres per year. Thus,
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TABLE 1
1975 CROP AND HAY ACREAGES

PERCENT
106 ACRES OF TOTAL
WHEAT 75 22
CCRN 78 23
HAY 62 18
SOYBEANS 55 16
OTHER SMALL GRAINS 38 1N
SORGHUMS 18 5
COTTON, TOBACCO R 3
VEGETABLES, FRUITS 6 2
MISCELLANEOQUS 4 1

TOTAL 347
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TABLE 2

ACREAGES OF FARMLAND IN BASIC USE CATEGORIES -

106 ACRES
CROPLAND 450-470
PASTURE, RANGE 460-480

940-950
WOODLANDS, FORESTS 130-150
FARMSTEADS, ETC. 30
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TABLE 3

UNITED STATES CROPLAND, PASTURE AND

RANGE ACREAGE

CROPLAND

PLANTED/HARVESTED GRAIN/HAY,
INCLUDING CULTIVATED FALLOW

PASTURE USE, CONSERVATION, ETC.

PASTURELAND

PASTURE

RANGE

104 ACRES

335-380

90-130

100

365



about 25% of the land classified as cropland is not actually utilized for
harvested crops. Permanent pasture land acreage is about 100 million acres,
while about 365 million acres are classified as range.

The distribution of agricultural land amoﬁg the various land capa-
bility classes is shown in Table 4. Most of the Class I land (36 million
acres out of 42 million acres) is in cropland. The remaining 6 million Class
1 acres are mostly in pasture. The major portion of eropland, 380 million
acres, is Class II to IV land. These lands have limitations which increase
in severity from Class II to Class IV. The problems are classified as ero-
siveness, wetness, soil problems, or climate problems.

Pernanent pastute occupies some (lass T land (4 million acrac);
the majority ot pasture lands (77 million acres) is on Class IT to IV land,
and most of the remainder occupies Class V to VII land. The majority of
the rangeland is in the V to VII category, which means that most of the
range occupies land not well-suited for production of tilled crops. About
100 million acres of range, however, is Class II to IV land.

In our analysis, we have proposed modified uses for part of the
current pasture and rangeland. It is also recognized that the fraction of
land clasgsified as cropland, but which is not specifically used for growing
crops in a particular year, is also underutilized; the acreage designated
in the Conservation Needs Inventory as '"other land not in farms'" is also
recognized as a potential resource. The following discussion is based on
the presumption that these categories of land are in principle available
for modified productive use.

Any analysis of poggibilities for enhancing bilomagé production
from grasses and grains necessarily has to be conducted within the frame-
work of: (a) present uses and the economic/social values associated with
these uses, (b) basic limitations to production such as topography, rain-
fall, and soil, and (c) the availability of adapted plant species which
can give significant biomass yields as well as heing able to cope with
fundamental production limitations. As one can see from the data, we
presently devote about 30 to 35% of all the land classified as agricul-
tural land to tilled crops and to harvested nontilled crops. This acre-
age can hardly be considered to be underutilized and thus available for
diversion to biomass-specific production, although it probably is true
that not all of this land is being used to its fullest potential. At -
present one should consider that our prime agricultural land is best
viewed in the context of combining food/fiber crop production with har-
vesting of crop residues for energy use.
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TABLE 4

LAND USE DISTRIBUTION

LAND CAPABILITY CLASS

| N-1v. V-Vl Vil

CROPLAND 3 380 2 0.1
PASTURE 4 77 25 0.1
RANGE 1 97 263 4.5
OTHER LAND 0.6 - 12 7

TOTALS 42 566 317 5



Approximately 100 million acres of the 450 million acres of crop-
land are not presently used for harvested crop production. This acreage
is "idle" as far as crop production is concerned because it is being tem-
porarily used for pasture, or is included in estates or investment tracts,
or is classified as being under conservation, i.e., in some type of perma-
nent cover. The acreage constitutes a reserve which would likely be used
first if acreage of major food crops is significantly increased. How much
of this might be made available for biomass production is unknown. We have
arbitrarily indicated in Table 5 that 50 to 60 million acres could be avail-
able, and have further assumed that it would be primarily Class II to IV
lands.

Tnventories of agricultural land show that about 13 million acres
(see Table 5) of land in Classes Ilthrough IV fall in the "other land not
farms'" category, which presumably includes such land as highway rights-of-
way. It is perhaps reasonable to assume that 50 to 607 of this land could
be put into production.

Permanent pasture, most of which is located in higher rainfall
areas of the United States, occupies about 100 million acres, 81 million
being in Class I through IV land--land which varies from having no limita-
tions (Class I, 4 million acres) to severe limitations (Class IV) to tilled
crop production. In principle, most of this land could be diverted to bio-
mass production, with biomass crops ranging from row crops to small grains
to permanent or perennial grasses or legumes as the limitations increase in
severity. The pasture acreage (25 million acres) in Classes V to VII can
probably be considered for biomass production only to the extent that it
is practical and economically feasible to harvest "hay" frow native or im-
proved grasses.

Rangeland is by far the largest reservoir of land which might be

viewed as being '"underutilized." Here one must recognize that this land
is vital to our livestock economy, and that the livestock segment of agri-
culture will dispute its classification ac "underutiliged.!" Accordiug Lo

land inventories (see Table 5) 98 million acres are potentially tillable
Class I through IV land, while 263 million acres are essentially nontill-
able (Class V through VII). Unfortunately, most of the rangeland is in
low rainfall areas in which one cannot think in terms of any but modest
biomass yields. Nevertheless, one should not thrust aside this land as
being unsuitable for biomass production unless irrigation is provided, but
one should evaluate this land as a potential resource for producing drought-
adapted plant species. The extensive research on guayule may, for example,
furnish the basis for formulating biomass scenarios for arid lands having
15 to 20 in. of annual rainfall. Similarly, dry-land adapted plants such
as giant reed may provide a species for utilization of rangeland which has
rainfall of the order of 20 in/year.
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CROPLAND
PASTURE
RANGE
OTHER

TOTALS

TABLE 5

"UNDERUTILIZED LAND"

10 ACRES
CLASS | CLASS 11 - IV CLASS V - Vi
~ 60
4 77 25
1 97 263
1 12 7
6 246 295



About 257 of the approximately 550 million acres defined as under-
utilized land occurs in the eastern part of the country where annual rain-
fall exceeds 25 in.; about 50% is located in areas with 16 to 25 in. of rain,
and the remaining 257 receives less than 15 in. If rainfall were the only
criterion (i.e., if soil, topography and climate do not limit production),
the higher rainfall areas should be capable of biomass yield of 3 to 5 tons
per acre on an average and considerably higher in limited areas; the median
range should be capable of from 1 to 3 tons per acre, and the lower rainfall
areas will generally produce less than 1 ton per acre per year. Since the
underutilized or marginal land usually has some hasic limitation to produc-
tivity, attainment of such yields may not be at all possible much of the
time, and will generally in other areas require the use of crop management
techniques which limit economic feasibility.

With regard to the problems associated with better utilizing the
marginal land, approximate percentages of different land classcs are as fol-
lows: IIe=TVe, 28%; IIw-IVw, 8%, IXs-IVs, 5%; IIc-IVe, 5%; Ve-VIIe, 28%;
Vw-VIIw, 2%; Vs-VIIs, 22%; and Vec-VIIc, 3%. The IIe-IVc and w lands thus
comprise about 36% of all underutilized land,; and these would likely be
principal candidates for utilization for biomass production. The Ve-VIIe
and w land, about 30% of underutilized land, would be more difficult to
bring into production. The lands with soil (8) and climate (c) limitations
would not likely he considered as candidates for biomass production.

In summary, some 500 to 600 million acres of the U.S. agriculture
resource 1s currently not in crop or hay production, much of it deservedly
so. Thcse acres are, for the most part, seriously limited when viewed in
terms of cultivated crop production. The shifting reservoir of cropland
not in crops, 75 to 100 million acres, should most readily adapt to
biomass-for-energy production; these acres are inventories as part of the
crop/hay production resource, and there is the danger that indiscriminate
shifting into biomass production will impair crop production capabilities.
The 12 to 13 million acres classified as other land in farms is a poten-
tial resource, whnse ultimate value is lesseued by 1ts dittusivity, but
which presumably could be brought into production without impacting crop
and hay production. Permanent pasture, 100 million acres, of which 80
million is Class I to IV land, is a significant potential resource, located
mostly in higher rainfall areas. Finally, about 100 million acres of range-
land is potentially tillable Class I to IV land, but these acres are located
primarily in arid to semiarid parts of the country. Diversion of the poten-
tially available underutilized land into biomass production will be in con-
flict with other beneficial uses, both for crop production and for livestock
production, and this basic issue must be carefully analyzed, The principal
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technical problem consists of finding and adapting combinations of biomass
crops that are the most practical and economical and employing cultural
practices necessary to insure significant and lasting productivity, since
a majority of the underutilized land has one or more problems.

QUESTION: I have two specific questions.

One, have you included acreage for sugarbeet and sugarcane? I
couldn't guess where you put it.

DR. McELROY: The acreages are included in overall analyses of
land availability. The MRI study does not, however, include sugarbeets
as a biomass product.

QUESTION: Second, did you include the tillage land in Hawaii,
Alaska and Puerto Rico?

DR. McELROY: No, we did not.

QUESTION: What is the cost of bringing land in various classes
under production?

DR. McELROY: We have not got into that in any detail. We do
know that erosion control; for cxample, can be costly aenough to have a
serious impact on production costs. This is a topic which has to be eval-
uated in depth, but in relation to other production and conversion costs.

QUESTION: I was wondering if some of the land might be over-
utilized. For example, you showed 22 million acres of cropland in the
Class V to VII category. Is it possible that some of that oughé to be
changed from cropland to other uses such as range or pasture?

DR. McELROY: There are indeed fairly large acreages of land
with "serious" limitations, by CNI criteria, in cropland. It would ap-
pear that-some of this land is "overutilized' and might in fact be put
to better use--perhaps for biomass production. For example, marginal land
now in grain crops might be better used to grow perennial grasses or sor-
ghums--if a market for the biomass were available.

QUESTION: Is the concept of the correct level of utilization
keyed to sustain yields under present agronomic practices? How is that
actually defined?

If you start to classify land as to whether it's utilized cor-

rectly or underutilized or perhaps overutilized, just what is the crite-
rion? Is it sustained yields at current inputs?
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DR. McELROY: The Department of Agriculture classifies land on
the basis of its ability to sustain yields over the long haul, and our
analysis is keyed to this criterion. The correct level of utilization
will surely require modification of present agronomic practice--for bio-
mass production--ranging from adapting and using biomass-producing spe-
cies, which are tailored to deal with land limitations, to implementation
of measures such as conservation practices aimed at maintaining land capa-
bilities.

QUESTION: Were the millions of acres of idle land associated
with our interstate system considered? Our 40 some thousand miles of in-
terstate highways are associated with a tremendous land acreage, some in
the heart of the richest country. This is idle land on which biomass
could be produced. Did you consider this at all?

DR. McELROY: 1I'm not sure how that land fits into CNI defini-
tions and inventories. I would guess that land probably fits in the cate-
gory of "other land not in farms," JIf that's true, we have included that
land as available or underutilized land.

QUESTION: You would have the same problem with idle land in
urban areas.

DR. McELROY: Right.

QUESTION: 1Is there any plan for updating that 1967 Conserva-
tion Needs Inventory?

DR. McELROY: 1I asked that question of USDA in Beltsville 3
or 4 months ago. The answer was a qualified yes, but I understand that
forthcoming inventories will differ substantially in format from the
1967 inventory. USDA does have in progress another inventory, which
might be available within 2 or 3 years.

QUESTION: May I address that just a minute? The USDA Soil
Conservation Service is putting out a potential cropland study which is
based on a sampling of the original 1967 CNI and that will published
this year.
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BIOMASS POTENTIAL FROM UNDEREXPLOITED SPECIES

Dr. A. D. Allen
Midwest Research Institute

Now, underexploited crops, you probably wonder what the term means.
Actually, underexploited crops could mean a lot of things. A hundred years
ago red, spring wheat was an underexploited crop. Seventy-five years ago soy-
beans was an underexploited crop. Fifty years ago flax in California was an
underexploited crop. These are crops that have been grown in other portions
of the world, but then are adapted to new uses or new areas.

In this context, we have looked at the crops that could be grown
for their hydrocarbon content, have been used as a source of fibers, or perhaps
even as ornamentals. Now, each of you I'm sure can think of other types of
crops such as pigweed thistle or Johnson grass. All of these are fairly good
biomass producers and have been evaluated.

A plant whiech you have seen in the news recently has been Dr. Melvin
Calvin's gasoline plant, which is a Euphorbia species. Articles originally
quoted him to the effect that this plant would produce from 10 to 50 barrels
of oil per acre, however, I think the correct statement that he had given was
from 2 to 20 barrels of oil per acre. This specific plant is a small desert
bush which grows in the semiarid areas of California. Currently, there is
not enough information to properly evaluate this plant so it is not included
in this evaluation, but it is an interesting crop and I am sure that you will
hear more about it.

I first want to mention some of the factors that would make an
underexploited crop into an economically viable crop.

Factors Affecting the Fstablishment .of a New Crop

One of the factors that influence the introduction of a new crop
is the genetic variability of a crop and how flexible it is. For example,
when a crop is first introduced, it may have been selected from some primi-
tive agricultural area or from cultivated crops grown in another country.
As these underexploited crops are selected for high biomass yield, we will
see some variability within varieties grown under the new conditions.

An example of this was safflower when it was first introduced in
California. One species was introduced from the Sudan and one from Egypt.
As growing experience progressed with this plant, selections were made from
the Sudan introduction which was a very good variety and today there is none
of the Egypt species being grown.
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Another interesting feature is the conditions under which these
crops thrive. For example, it has been found that the grasses that grow
under the more stressful conditions such as along the margins of forests
and on hillsides are much better adapted plants than the grasses that grow
out in the middle of the grassland areas.

As the pressure of planting increases with new crops, the biomass
yields will be variable because consciously or unconsciously selections will
be made.

Crop Design and Growth Pattern

One of the mast important featurcs in a new évop, of cuurse, ls Lis
design and itS pattern of growth. The nature of seed production is also im—
portant. ©Does it grow trom seed or from vegetative propagation? If it does
require vegetative propagation, then this increases planting costs and it
almost forces it to be a perennial plant so that the plantings will last for
quite a bit longer.

Plants selected for high biomass yield should be energy conserving.
Energy conserving plants are those that do not require excessive amounts of
irrigation or excessive amounts of fertilizer and can be grown under adverse
conditions or on the poorer types of land referred to as underutilized land.
These plants should be able to withstand soil conditions when the soil mois-
ture is below the wilting point and still have the ability to withstand con-
ditions -such as being covered with water, which may cause damping off or root
rot of the plant.

One of the new crops that has been introduced in the recent past
has been the castor plant. When it was first introduced it was a plant
that made a very rank heavy growth with seeds that matured at different
times. This resulted in their shattering out, so there were very few seeds
left on the plant at harvest. By the prodess of selection, the internode
distance on these plants has been shortened, the plant has been reduced, and
those plants that were more uniform in the maturity have been selected. How-
ever, they have defeated the purpose of our requirement for biomass production
as we want a ranker growing plant. Therefore, the castor plant is now not
as good a biomass producer as it was at one time, but the harvesting is much
easier.

Another plant that has not been popular for its intended use as a
bast fiber plant was the ramie plant. This plant is a good fiber plant, but
because of difficulty of extraction of fiber, other plants such as kenaf, ex-
presso grass, and similar crops have become more important.
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Genetic Adjustments

The introduction of a gene for shorter internodes, for example,
has made it easier to harvest castor beans. Selection for this factor has
also been accomplished with corn. We could see, therefore, how if we selected
a corn plant for a longer internode we might perhaps reduce the corn grain
yield slightly but would have a more suitable dual purpose crop—--one that
would give us a higher stover yield while still producing substantial quan-—
tities of corn grain per acre.

Another problem that is associated with genetic adjustments is genetic

erosion. When a specific characteristic is selected, often the erosion of another

desirable characteristic occurs. The best way that this is controlled is by
keeping the original gene base in its original form located in seed banks, one
of which is located at Fort Collins, Colorado.

It is possible to make the synthesis of a new crop through gene com-
binations. One of the crops in which this has occurred is corn. Corn origin-
ally had an ear on the tassel but through selection the ear was moved to the
middle of the stalk. Other crosses such as wheat and rye have been combined to
form the hybrid tricalate.

Some of the more desirable combinations would perhaps yield plants
with distinctive vegetative or agronomic characteristics which would be
adapted to greater temperature extremes or to moisture stress. In plant adap-
tability another point to consider is the planting and harvesting machinery.
Can we use shelf machinery or currently available machinery? If so, it
is only a matter of adaptation. Or does it require major revisioms. Occa-
sionally, a whole new line of machinery has to be developed as for the castor
plant. It requires two different items of machinery for harvesting. One, a
harvester, and the second, a huller in order to handle this plant. On the
other hand, safflower and sunflower can be handled with conventional machinery.

Some of the yields of these underexploited crops are quite heavy and
they would strain the capacity of the harvesting machinery currently available.
It would require much heavier duty and higher capacity machinery in order to
handle these high biomass crops. '

If we are considering a plant such as cattail, which is grown in a’
peat bog, it is necessary to have a machine that has flotation principles in
order to harvest the aerial portion. Also, if we want to harvest some or all
of the underground rhizomes, then it is necessary to have a second type of
harvester for this portion of the plant.
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Some of the additional requirements of harvesting machinery are
these machines increase the bulk density of a harvested crop to make it easier
to transport. This would include higher density bales, pelleting, cubing,
wafering, chopping and self-formed stacks.

Moisture content becomes very important in the harvesting of all
immature and mature growing plant material. The moisture content may run
as high as 90% in some plants, especially aquatic. IL Is very difficult to
air dry these plants with very high moisture content as usually there is also
a high humidity in the area. Therefore, some type of compressing or dewater-
ing must be used.

Another important point in growing a cgyop ic onrer=s, Naturally
to be continued to be grown, a plant must be successful. If mnsuccessful
vver an entire area where it is plantcd, a crop will be discarded. Usually
in experimental plantings of any crop, some crop failures will occur but mnor-
mally there will be enough high yields to override this. An examination of
the growth and the culture practices that the successful growers have followed
indicates successful management practices for sustained area production.

I will just touch on markets and marketing arrangements. The con-
version plants would be the most readily available market for these new crops.
These conversion plants would be strategically located in the center of the

main production area. The marketing arrangements with the producers would very -

likely be some form of contractual arrangement.

A It is a necessity to provide for a sustained market to have suffi-
cient acreage available. It would require consistent acreage that could be
available on a year-around perind.

It is necessary to have some type of promotion and adﬁisory service
to carry the new crop information out to the people and promote its successful
attributes. Of course, with our present communications this is handled fairly
rapidly. You recall some of the problems in the Southwest and the blackland
area of Texas when they were running into problems with the sorghum aphid.
Until the sorghum aphid resistant varieties were developed, many producers
changed over to sunflower production. It did not take very long for this
change. Some of the basis for this rapid change could be traced to another
study which MRI conducted where we found that over 50% of rhe producers get
their crop information from the elevator operators. In this instance, it did
not take very long for these producers to find out that the money was in a
new crop, sunflowers, and not in nonaphid resistant sorghums. Therefore,
promotion of a new crop does not take too long if the economic benefits are
present.
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Occasionally it is necessary to provide a subsidy for a new crop.
Sponsorship by industry may be necessary and if this does not produce enough
interest, then subsidies by the government may be a necessity. This has
occurred in two instances with strategic war materials. One was in the pay-
ments for castor beans during the Korean War. When the price per pound varied
from 6 to 10 cents, the acreage reflected almost directly the price subsidy.
However, in Canada when the subsidies were removed from rapeseed the acreage
dropped, but sponsorship by industry has stimulated an increase in the produc-
tion of rapeseed.

Pests are always an important consideration with a new crop. Kenaf
has a very serious root nematode problem and it could well be a limiting factor
in widespread production. However, some of the chemicals for the control of
corn rootworm could perhaps be used for basis for some control. Oftentimes
many pest control treatments for similar crops can also be utilized for pest
control on the new crops. Diseases which affect a specific crop may also be
regional. TFor example, the castor plant, which in its place of origin, Africa,
is badly affected by rust; is not affected by this problem at all in the
United States.

Crops which have been selected for their economic value as food or
fiber producers may well be adapted for biomass production. Kenaf is a bast
fiber product which is used to a limited extent as a non-wood crop for paper
pulp production. Considerable time and interest has been invested in this
crop over the last few years. The USDA currently has two persons in Savannah,
Georgia, working full time on this crop. The growth region for this crop
extends generally over the same area that corn and soybeans can be grown. The
yields vary from about 15 or so tons in the Southeast on down to about 2-1/2
tons in the extreme northern area of the corn belt.

Culture practices with kenaf are very similar to corn in that it is
an annual row crop. Harvesting is generally done with the same machinery used
to put up corn silage.

Another very similar crop is roselle. However, it does not have
the desirability as a bast fiber producer as kenaf, but is a little longer
growing plant or later maturing plant. It also has a superiority in that it
is relatively resistant to the root knot nematode which is quite a problem
with kenaf. Therefore, it has to be considered as a replacement plant for
kenaf in those areas where the nematode problem is severe.

The next crop is one that has been known since biblical days, the
very interesting plant called giant reed, Arundo Donax. This particular plant

31




is used primarily today as a source of reeds for woodwind instruments.
France traditionally has grown the best quality reed which are the preferred
reed by many musicians. Also, the crop has been grown in Italy for utiliza-
tion as an ingredient in rayon manufacture. This crop generally grows best
in the warmer areas; but it can stand quite a bit of cold temperature during
the dormant period; however, if a freeze occurs after initiation of spring
growth, it will kill the plant back. Giant reed is a perennial which is
Planted from root sections of vegetative cuttings.

Under present conditions, giant reed does not offer a potential as
a cultivated crop in the U.S. for any use other than biomaco, thcrcfore, very
little interest has been taken in growing this crop in the U.S. exccpt for
erosion control, shelter belts or ornamental.

Among the non-woody rapidly growing plants, this species is one
of the highest producers of cellulose. The yields on it vary depending on
soil fertility. Some interesting yield estimates from various areas run up
to as high as 40 to 50 tons of dry matter per acre. However, these yields
are considered to be far above average, Yields on this plant will probably.
average in the 12, 15, 18 ton/acre category and to a much lesser extent in
some of the other areas where the soil is less fertile. TFor example, in
Argentina in some studies on infertile land, yields were 4 tons dry matter
per acre, on fairly fertile land 6 tons, and on fertile land 8 tons per acre.

This plant has a large root or rhizone system and has the ability
to go down to considerable depths to get water. After it is planted it re-
quires some wmoisture for the first vear, but after the second or third year,
it is very drought rcsistant and can withstand a considerable amount of
drought. In nature, cane is able to flourish on soils that are apparently
very infertile. On the other hand reed has the ability to respond well to
nitrogen fertilizer to maximize yields. One of the strong points of this
crop is that it can make good growth without additional fertilizer under
conditions of low rainfall. Reed might require additional water some time
during its first year as it can be seriously retarded by lack of moisture
during this period, but drought does not damage stands 2 or 3 years old.

It has about a 3-year period to get into full production and about a 1l0-year
productive life.

In the U.S. there are reports by Gaylord Container Corp. that show
fairly good wild stands of reed along the Rio Grande River yielded about
8-1/3 tons oven dried matter per acre and the poorer wild stands yielded
about 5-1/2 tons oven dried material per acre.

Plants adapted to wet buggy areas are typified by cattail, a plant
which grows well in most temperatures if wet enough. The aerial yields are
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usually about 1/3 to 1/2 of the total yield with the remainder being roots
and rhizomes. Harvesting can present a problem as it is grown under such
different conditions than crops which are currently being grown.

The next crop to be discussed is guayule. This is a semiarid
desert shrub which makes maximum growth under rather adverse conditionmns.
This crop was grown under the direction of Forest Service during World War
II to replace the foreign sources of rubber which were disrupted during the
war. A plant was built in California for producing rubber from this shrub
for use in tires. At the present time, there is a rubber manufacturing
plant in Mexico that is supposed to go into production using the wild
guayule shrub in that area.

Guayule is a shrub that grows best between 15 and 25 in. of rainfall
under semiarid conditions. It can grow under conditions of less moisture
than that, but it must be irrigated during a critical period following trans-
planting. It is somewhat limited in its growth area because it requires
warm weather and is not very cold resistant. Usually the Great Bend area of
"Texas is about as far north as it will grow. Both the plant and the roots
are harvested, since both have a high hydrocarbon content. This plant is a
perennial and has a life cycle of from 3 to 5 years.

Another crop which is very similar to guayule is the hybrid of
guayule and mariola. This hybrid has a better adaptation as far as cold
weather goes than does guayule and therefore may be grown somewhat farther
north. However, the hybrid does not have as high yields of latex as hydro-
carbon content, but it does have a greater mass of shrub growth than
guayule alone.

As far as yields go, we have extrapolated these from many sources.
I want to point out that these were extrapolated yields or anticipate yields
because all these crops are not grown throughout their adapted area. For
example, we had the USDA bulletin on kenaf which contained actual yields in
various areas with this information extrapolated to the entire growth area.
These data were also used for roselle. For the giant reed we used the litera-
ture reports. For guayule we used quite a considerable volume of material
that was accumulated during and following World War II, and for cattail we
used Minnesota data. '

So, realizing this limited information was inadequate, inexact and
insufficient, nevertheless, we placed these new crop yields into our data base
and came out with the adapted crop for biomass production on nonfood producing
cropland which was indicated to be the best performance for each land resource
area.

33



Plant Species for Biomass Production on Marginal Sites I.

1/

Forage Grasses and Legumes

o)
W. F. Wedin and Zane Helsel?’

Introduction:

Grasses and lcqumes for biomass production add an additional use to their
present, multiple-use characterization, In contemparary aqricultnre anpd
closely related activities, we know these important plant species are of value
for pasture and forage, soil and water conservation, wildlffe cover, recrea-
tional areas, roadbank stabilization, and theiﬁ aesthetic qualities.

Production of grasses and legumes on-marginal sites (marginal for row-crop
production) is dependent on soil productivity (including fertilizer applied),
plant growth factors (solar radiation, tempefature, carbon dioxidg, water),

genetic potential, plant pest control (weeds, insects, diseases), and the

in itselt cautions against an intensive monoculture of annual forages (grasses

or 1equmes), regardless of their productive capacity for biomass or other

|
|
cropping system, Land use considerations are very important and this conslraint
|
\
uses.

1/

Presented at "Biomass - A Cash Crop for the Future?", A Conference on the
Production of Biomass from Grains, Crop Residues, Forages, and Grasses
for Conversion to Fuels and Chemicals. Kansas City, Missouri, 64110,
March 2-3, 1977. ‘ ‘

/ : ' L
2’Professor and Instructor, Department of Agronomy, Iowa State University,
Ames, lowa, 50011, ' :
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Production Sites:

Acreages in the U.S. are extensive for rangeland, pastureland, cropland
used only for pasture, and grazed forests that are privately owned (Table 1).
In addition, federa]]y-owned lands, managed by the Forest Service and the

Bureau of Land Management, are extensive.

Table 1. The grazing land resource in the United States.]/
Privately-owned Acres {Millions)
Rangeland : 380.5
Pastureland 103.2 (3.2)%
Cropland used only for hay or pasture 77.7 (13.0)2/
Grazed forests ' 137.2

 698.5

Federally-owned

Rangeland : 262.7

1/

2/
3/

Includes Alaska, Hawaii, and Caribbean area |
Irrigated
Reference: Blakely and Williams (1974) and USDA (1971)

The U.S.D.A. Conservation Needs Inventory of 1967 (1971) cited extensive
needs for lands in all land capability classes, i.e., from I to VIII, and
Blakely and Williams (1974) pinpointed these for the grazing land resource.
They further pointed out that hay or pasture cropland represents 11 percent
of the total forage resource and much of this occurs on soil sites of high
productivety. That land in the higher capability group may be pushed into

row-crop production, at the expense of depleting the forage resource, is a
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prime concern. This concern has been discussed by Long (1974) and Wedin
et al. (1975).

Considered herein, in terms of yield potentials, are sites presently used
in perennial or annual grass-legume production in the Northcentral region
(NC) of the U.S. Reported for this region in 1968 was 48 percent of all the
hay produced in the U.S. Wedin and Vetter (1970) . The area includes over

100 million acres in pasture.

‘Climatic Conditions:

The states in the NC region vary markedly in average annual temperature,
average annual precipitation, frost-free days and relative humidity (Figure 1).
Increased precipitation, as compared to areas more western, was a main factor .
in causing the tall grasses to dominate the prairie vegetation. The prairie
vegetation was éssociated with soils which were highly fertile, resulting from

organic matter buildup and decreased leaching.

Range of Grass and Legume Species-

‘trasses and legumes considered for their biomass yield, and as used as
forage in many instances, have been drawn from a wide range in germ plasm.
For the grasses, they are represented by 600 genera, of which 150 occur in the
U.S. These 150 genera include 1500 species. For legumes, there are approxi-
mately 400 genera and over 12,000 species. There are about 80 grasses and
legumes to which significant attention has been given. In the NC region, this
Tist is narrowed considerably (Table 2).

When grown for forage purposes, grasses and lequmes are harvested by
grazing or machine (hay, silage). While yield per se has often been used as
a criterion of worth, the forage quality (nutritive value ahd implied intake)

has been a desired factor, often being chosen in leiu of added yield (biomass
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Figure 1, Climatic Conditions in the NC region. (NC Reg. Res.
Publ. 166. 1965.)



Table 2. Forage grass improvement in NC Region.

Orchardgrass Wheatgrass (Int., Crested, West., tall)
Smooth bromegrass Creeping foxtail

Reed canarygrass Timothy

Ta]} fescue Switchgrass

Sudangrasses

production). From the data available, then, we must speculate, theorize, or
extrapolate to what yields are biologically possible in biomass production.
What is economically feasible is also of prime concern but can perhaps be |
answered once we know the yield potentia]. » ' ' |
While only a few of the grasses used presently would be candidates for
economic biomass production, selection and improvement within the grasses cou]di
evolve better cultivars to meet the requirements of a crop grown for its bio- |
mass only on marginal soils, For example, perennial grasses are 1ange1y
fibrous-rooted, may propagate vegetatively to'form soil-conserving sods througn
vigorous rhizomatous, stoloniferous, and tillering characteristies.- Within
their areas of adaptation, they are long-lived plants, and they to]efate 
disturbance. | J | |
Search for gras es for b1omass shou]d not exclude too qu1ck]y the various
types of grasses.. Nonethe]ess, from an eco]og1ca1'standpo1nt, Har]an (1959)
has cautioned that fhere are - distinct differences-befneen'nafiveinn fntnodUCed
grnsses and lequmes; 'He'peinted.on fnat natives4arertlimak'specfes.and the
introduced sub- c11max As such, the SUb;eIimax or intreduced ones, thkive
under. d1sturbance, respond to hlqher fert111ty 1eve]s, have eff1c1ent means
of seed. product1on, wwthstand grazing and mow1nq, compete we11 under use,

establish read11y in c]ean seedbeds, and tend to d1sappear when not used
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(ff-setting this thinking is the fact that warm-seasoi crop plants, which

includes perennial grasses such as switchgrass (Panicum virgatum L.) are C4

plants, i.e., they fix carbon dioxide more efficiently in terms of light

utilization in photosynthesié. Reed canarygrass (Phalaris arundinacea) a

cool-season perennial grass, is a C3 species and has a reduced efficiency in
light utilization because photorespiration occurs, which dissipates up to 50
percent of the fixation of these C3 plants. Nelson (1976} has pointed out

that the C, species has the advantage of a longer growing season.

3
The two afore-mentioned factors, i.e., ecological characterization and
photosynthetic-efficiency characterization have immediate and ldng-term
advantages, respectively. Stated another way, among the perennial grasses
ready to be used soon in biomass production,.the search should be on those
introduéed species with associated technologies that are workable, while the
longer look should be at the potentially more efficient species. For this
comparison, we have examined data relative to biomass production of reed’

canaryqrass and switchgrass. In addition, a C4 annual species, Sorghum spp.,

is considered.

Reed Canarygrass:

. This grass is well adabted to poorly drained soils, tolerating flooding
for more than a month. It has also beeﬁ shown to be productive on uplands
when adequately fertilized with nitrogen. It does well under dry conditions.
It is very winter-hardy, but frost-sensiti&e. It's perennial nature permits
early spring growth, (8 inches of growth is common by May 10 in central
lowa.) It may reach a height of 6 feet or more when fully headed. Stems of
reed canaryqrass are stout and resist lodging. It grows well on most soils

and will tolerate a pH range of 4.9 to 8.2.
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Yield data, representative of the potential production of reed canary-

grass, are presented in Table 3.

Table 3. Yield potential of reed canarygrass.

Location Cuts Yield (Tons DM/A) N (pounds/A) Reference

Conn. 4 4,79 190 Decker et al. (1967)
New York .4 | 6.11 AN Decker et al. (1967)
Peni. 4 4.23 190 . Decker et al. (1967)
Maryland 4 : 4.10 190 Decker ¢t al. (1967)
iowa 3 6.32 480 Wedin et al. (1970)

lowa 3 1.69 60 Wedin- (1966)

lowa 3 4.13 240 Wedin (1966)

It is evident that reed canarygrass responds markedly to nitrogen fertili- °
zation. We obtained yields near Ames, lowa, in direct proportion to rate of

application (Table 4) and split applications were beneficial.

Table 4. VYields of reed canarygrass at varying N rates.

Early Early
Spring June Aug. 1 Tons DM/A
0 0 -0 1.24
0 0 120 3.16
60 60 120 5.41
0 0 240 4.00
120 120 240 h.37

0 0 480 5.5]
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We had other tests on reed canarygrass in southern Iowa, ahd looking at
this data with that from the Ames sthdy, we documented a marked residual
nitrogen responSe, which increased the next year's yield. When the yields
of a late-fall harvest (November) plus the early—Qune and late-July harvests
of the following year were totaled, it was evident that the first increment
of N (120.pounds per acre) was the most efficiently used. Response of species
differed (Table 5) with reed canarygrass using nitrogen more efficiently,

particularly at higher levels of nitrogen application (Nedin, 1974).

~Table 5. Dry matter produced in pounds/pound N applied in early August at two
5/

Towa locations.

Increments of N applied in 1b/A

I 20 % fourh 120¥ Y
November 17.0 ; 3.3 0.9
Early June 8.9 9.3 2.5
Late July 1.9 2.6 7.7
A1l harvests 27.9 15.1 11.0

| Sgeciesz/

Reed canarygrass 31.8 22.4 17.4
Smooth brome 23.9 19.8 10.4
Tall fescue 28.6 12.8 ‘ﬁ 8.2
Orchardgrass 27.1 5.5 8.0
1/

Four species averaged
2/ 1otaled over three harvests

3/ Represents an additional 240 1b/A applied

& Tall fescue and orchardgrass had some wintérki]]ing-at one location
 \edin (1974)
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Sorghum spp:

The common sorghums used for forage are sudangrass ({Sorghum bicolor),

formerly S. sudanense (Piper) Stapf), the sorgos and grass sorghums, S.
bicolor, and grain sorghums S. bicolor (L.) Moench. These érasses are coarse
and erect; height will sometimes reach 10 feet. The forage sorghums will be
taller yet. They are well-adapted for marginal sites throughout the country,
but of course must be re-seeded each year. Of the sorghums grown, approxi-
mately 25 percent are for forage. |

Because the sorghums contained a glucoside (dhurrin) which under conditions
in the rumen converts to hydrocyanic acid (prussi;'acid), considerable selection
and numerous'managemént practices have been aimed at reducing this potential.
Yield per se may have fhus been selected against, in some cases.

Some yields of Sorghum spp. which have been obtained are presented in

Table 6.

Table 6. Yield potential of Sorghum spp. in lowa.

Species Cuts  Tons DM/A N Rate (#/A) Reference

(Forage : A | - ' | »
Sorghum) ] 7.8 90 . Burns & Wedin (1964)
(Sudan) 1 | 13.0 ' 90 ‘Burns. & wedin‘(1964)
(Forage | | ', 4 | R -
sorghum) 2 5.8 S 90 ‘ Burns & Wedin (1964)
(Sudan) 2 a8 %0 - .Burns & Wedfﬁ.(1964)
(5XS) T 6;3 1200 Medin (1970)

(SXS) 3 2.8 150 ‘ Wedin (1970) -

(Sxs) - 1 8.5 o150 Adigun (1969)

' Noted is the highest yield from forage sorghum.(7.8) and é.Sorghum X

sudangrass cross (SXS) at 8.5. Forage sorghum was reduced in yﬁeld when
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two cuts were taken but sudangrass yielded more with two cuts (4.8) than
one cut (3.0).

There is a strong possibility thatAother species within the diverse
sorghum germplasm would be excellent biomass producers. White et al. (1974)
described the potentials of sorghums as a source of pulp. They studied
nine accessions representing threé sorghum species. These were grown at
six ]ocationé in the U.S., and greatest yields were in lowa, Indiana, and
Georgia. Yields exceeded 10 tons of dry matter per acre (12.2 in Towa).

One accession of Sorghum almum yielded 11.0 tons of dry matter per acre.

These were 12-inch row plantings. The researchers pointed out that perform-
ance varied considerably within and amonq accessions and among locations.
Also pointed out is the wide variation which results from effect of environ-
mental conditions on annuals.

A further consideration must be made in relation to possibilities that
a vigorous Sarghum species such as S. almum may develop it's perennial
characteristics to the extent that it would become a weed, 1.e.; a plant out
of place. Appropriate caution would be in order if it were to be grown for

biomass.

Switchgrass:

This tall, perennial sod-forming grass has as its natural habitat the
Great Plains area. It grows to 5 feet in height; has short rhizomes which
promote spreading. It iS5 one of the easiest native grasses to establish;
a8 common problem with the warm-season perennial grasses. It produces well on
droughty, infertile, eroded sdi]. Improved cultivars are available.

Within the last decade, switchgrass has been more commonly grown on
Iowa and Missouri sites. When fertilized with nitrogen, yields have increased

and are typified by those given in Table 7.
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Table 7. Yield

States Cuts Tons DM/A N Rate (#/A)
IA 2 2.8 0 Schaller (1975)
IA 2 4.4 120 Schaller (1975)
IA 2 4.3 240 Schaller (1Y/%)
MO 1 or 2 2.7 60 Matches (1976)
MO 3 5.0 B Anderson et al.

potential of switchgrass.

Reference

(1976)

Generally, it is expected that a species such as switchgrass could yield

considerably better as rainfall increases. The grass has not, in practice,
been grown for its total dry matter production, and in this respect, yields
now being obtained when water and nitrogen are available must be carefully
evaluated. Further, Rechentin (1956) has pointed out that the morphology of
éwitchgrass suggests that it is not an ideal grazing plant because there are
only two to four short basal internodes, suggesting few basal buds available
for recovery. Un the other hand, allowing .switchgrass to produce one crop,
which could then be removed, is likely to be both advantageous to maximizing

annual dry matter yield and maintaining the plant for the following year.

General Considerations:

Climatic conditions suggest that rain-fed biomass production from
grasses will be maximized when moving from west to east, more particularly
from northwest to southeast in the NC states, or Corn Belt. This area is
also the leader in row-crop production, machine-harvested forage for large
ruminant livestock industries, and where improvement of long-term pasture
offers great opportunities. For perennial grass use in the ruminant

lTivestock industry, along with its harvested forage and pasture needs, this
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should be regarded as complimentary with biomass production. Some of the
same inputs which will make the beef industry profitable in the future will
likely be of benefit economically to biomass productioh; Use of legumes for
nitrogen needs of grasses, double cropping (Helsel, 1976), fostering proper
land use to minimize environmental insults, interseeding and overseeding,
devising new cropping systems over years, are but a few of the important

ones for the decades ahead.
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Question: You mentioned that if you have to:supply nitrogen fer-
tilizer that represents, of course, an input of energy which is more or less
opposed to the objective of the cultivation of the crop in question.

Now, I would like to suggest that when you grow legumes in com-
bination with a grass, for example, that you are doing the same thing, per-
haps not as severely, because even though the nitrogen gas is free, the
fixation is not. In fact, it is very expensive. So you are really util~
izing solar energy for fixing nitrogen that otherwise would go into the
straight biomass production of the grass.

So it seems to me we have to look at such a system very carefully
Lo see whether we are really ahead.

Answer: Right. ‘That is a very good point. And I wanted to
mention the fact that we want to look at the overall balance of energy in-
put to energy output. And the other problem with legumes ig in general
they do not provide this nitrogen, quote, perhaps as efficiently to the
grasses and the overall crop canopy in this gcneral area would nol be as
productive as the grasses alone with the nitrogen input.

And I think that it is a very important point to make. We are
spending some energy even with the legumes, not perhapé for nitrogen fer-
tilizer, but from the plant material itself or from the energy from the sun
to collect this nitrogen, so to speak, from the air by the legumes.
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Effect of Removal of Crop Residues

on Soil Productivity

W. D. Shrader

Return of all crop residues is essential for the continued productivity
of some soils. On other soils alternatives are available so that crop resi-
dues can be'removed and productivity maintained or increased.

This paper is concerned with defining and locating soil areas on which
alternatives to ;eturn of crop residues are or are not feasible, describing
the uses and limitations §f the alternative procedures and in making

realistic estimates of the kinds and quantities that might be available.

Role of Crop Residues
Crop residues are a valuable soﬁrce of soil nutrients. Larson et al.
1976 estimates that the residues from 9 leading crops in the United States
contain about 4 million metric tons of N, 0.5 million metric tons of P and

4 million metric tons of K. This amounts to about 40%, 10% and 807% of N, P,

- and K, respectively, of current fertilizer application to all crops.

Crop residues, if properly managed, can greatly increase water infiltra-
tion rates. On a soil developed under prairie, Mannering and Meyer 1963,
found that final infiltration rates were increased from 2.3 to 5.3 cm/hr
when 1 tén per acre of wheat straw was placed on the soil surface. On soils
that developed Qnder foreét, surface seal is commonly much greater than under
grasslandiéﬁd the 1ﬁcreasé'from use of surface mulch thus more pronounced.
On a forested froéical soil, Greenland 1975, found a 5 fold increase in infil-

tration when comparing surface mulch with the same mulch plowed under.
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Maintainance of Soil Organic Matter

Return of crop residues or animal manure is the only feasible means by
which soil ofgaﬁic matter caﬁ be maintained on cropland. In general, soils
that developed in the humid east and southeast United States under forest vege-
tation were originally low in organic matter. In the midwest soils that developed
under tall grass prairie were originally high in organic matter. Further west
with deélining rainfall, organic matter levels declined but were generally
higher than under the eastern forested soils.

At the time the land was brought under cultivation, organic matter levels
were at equilibrium. Over time, the additions of plant reuaiﬁs replaced the
amount that was lost by oxidation or erosion. Under cultivation, the old
equilibrium was lost. When no fertilizers were used most soils lost organic
matter when cultivated. Soils that were originally high in organic matter lost

: ¢
more rapidly than low organic matter soils. Under any system of land use soil
organic matter levels tend to an equiliSrium point that is in balance for a
particular rate of removal and addition of crop material. On the high organic
soils of the Ceﬁtrg; Uniﬁed Stateé, n;ganig matter lavals uéually décline under
a row crop system even~whén high rgtesvbf fertiliiers are used. Over the past
century, tﬁe éorn belt soils are estimatéd to have logt about one—haif of their
original organic mattér (Bartholomew et al. 1957 and Brady 1974).

Low organic mattef soils may increase ‘'under cultivation even under con-
tinuous corn (Sutherland et al.‘1961)Abut on most relatively high organic
matter soils, organic matter levels decline. On Galva silt loam, a Typic
Capudol in northwest Iowa with 5 percent o;ganic matter (Barnhart 1977) found
a 6 percent décregse from ;957 to l976,un&ér'¢ontinuous corn where grain only
was harvested‘éndva312 percent decrease in orgaqic matter if all t&p growth

was removed.. About 8 percent of the crop residue added over the 20 year period
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was present in the soil in 1976.

Soil Structure

Soil structure, the degree and form of soil aggregation, especially in
the‘sﬁrface soil is important in soil productivity. Well aggregated soils
have high rates of water infiltration, are easy to till and tend to be more
productive than soils with poor structures. On soils that are acid, low in
bases and low in clay, soil structure is determined mostly by the organic
fraction. This includes .most of the soils that developed under forest in
the eastern United States.

Many of the soils that developed under prairie are relatively high in
clay in the surface soil, and the exchange complex of the clays are more than
60 percent saturated with bases (calcium and magnesium). OnAthese soils the
soil structure is in part determined by organic matter but to a large degree
the soil structure and soil tilth are determined by the kind and nature of

the clays.

Vegetative Control of Erosion

a) Water erosion

A complete cover of live vegetation furnishes almost complete protection
from erosion even on very steep slopes. Erosion occurs on sloping incompletely
vegetated land. Erogion is especially a problem on sloping land that is used
for row crops such as corn and beans in the humid portions of the country be-
cause these crops leave the land bare during May and June, the period of maxi-
mum rainfall intensities. Any type of vegetative cover such as crop residues
on the land surface help to control erosion.

Most studies indicate that erosion can be reduced about one-half by leaving
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all residue from a corn harvest on the surface as compared to removing the
residue or plowing it undgr. An allowable soil loss of from 4 to 8 tons per
acre per year is assumed in most areas to be the upper limit of permissible,
or socially desirable erosion.
The Universal Soil Loss Fquatinn developed by Wischmeir and Smith, 1965
is widely used and is the only accepted means of estimating erosion losses from
large land areas. The equation is: |
VA = RiLSCP where o
R ic the rainfall and erosivity iudex
K is the soil erodibility factor

LP is a topography feature representing the comhined effects of
slope length and steepness.

C is the cover and management (rotation) factor
P refers to supporting practices
A is the estimated soil loss in tons per acre.

This equation estimates the average amount of soil loss from a given
slope. It does not estimate the sediment delivery to a major stream. This
delivery figure is usually less than the loss within a field.

Larson et al. 1976, used the Universal Soil Loss Equation to-calculate
soil loss within several Land Resource Areas in Minnesota and Iowa with present
cropping patterns and with 3 levels of conservation tillage. Conservation
tillage with 3360 Kg/ha of residue reduced erosion to about one-half the
level with no residue but in all cases even with essentially all residue
returned, erosion is in excess of the '"permissible" soil loss. This finding
is in agreement with earlier work of Coleman, 1953, who examined all available
research data on runoff and erosion and concluded that there was no way to

control erosion on row crops on sloping land without supplemental practices
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such as terracing or strip cropping. )
Table 1 illustrates some of the problems of erosion control by cultural
pfactices alone. According to the tables currentl& in use by the Soil Con-
servation Service, erosion cannot be controlled on slopes of over 2 percent
without supplemental practices in LRA1l08 which is mostly in eastern Iowa and
western Illinois unless the acreage of corn and soybeans is appreciably reduced.
If erosion, at least in the central corn belt, is to be kept within
allowable limits with present cropping patterns, recourse will have to be
made to practices such as terraces and settling basins.

Table 1. Maximum intensity of cropping at which soil losses can be held at
5 tons per acre or less in LRA108

Permissible removal

% . . "k of corn residue
slope LS C Cropping system No terrace Terrace
1 0.13 1.07 Continuous corn, no restrictions All All

0.20 .70 Continuous corn, no restrictions All All
3 0.29 .48 Continuous corn, Contour list on
ridge All All
0.40 .35 Continuous corn, -residues on surf. None All
0.67 .24 Continuous corn, .fall chisel None All
0.49 .14 C-C-C-W-M-M All All
10 1.40 .10 CC-W-M-M © All All

*
Effective slope length = 100'

*k ‘
Maximum value of C at which soil loss can be kept below 5 tons/a/yr.

b) Wind erosion
Erosion by wind is liable to occur on any incompletely vegetated land
surface. It is most severe on sandy soils during periods of low rainfall and
high winds. While not confined to that region, wind erosion is most prevalent

in the western part of the great plains. McCalla and Army 1961 estimates that
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the following quantities of wheat straw are the minimum quantities of residues

needed to control wind erosion:

Sandy to sandy loam soils 1925 Kg/ha
Silt loams 1320 Kg/ha
Silty clay loams 1100 Kg/ha
Clay lnams 825 Kg/ha

These quantities of residues if left on the surface are sufficient to
control wind erosion. Wind erosion control can also be aided by use of strip

crops, rongh tillage or, Iu special cases, by wind breaks.

Effect of Removal of Residues

in Nutrient Needs

Much greater amounts of nutrients are removed in corn silage than in corn
grain harvest (Anonymous. Silage. Potash News Letter, 1964). With corn gréin
yields of 7840 Kg/hd, 129, 22 and 28 Kg/ha or N, P, and K, respectivcly, would
be removed from the soil. However; with the same yields and with removal of
the whole plant, 224, 37 and 140 kilograms of N, P, and K, respectively, would
be removed.

1t the crop residue. is used for feed or bedding, a portion of the nutrients
are available as @anures and can be returned to the land. If the residue 1is
burned, the nitrogen is lost but phosphorus and botassium are left in the ash
and van be returned to the land. There is only a relatively small amount (15
Kg/ha in the above example) of P in the residue. However, most of the K take
up by the corn plan; is sfill in ;he residue at the time of corn harvest. In
the above example, there is 112 Kg/ha of K in the silage (140-28).

The amount of N, P, and K in plant residues'would vary widely with the time
of harvest ana weather conditions after ffost but prior to harvest. Much of
the N and‘K.#fé Qétéf,sdiuble in the dfy plant residue and if there is rain

after frost but prior to removal of the plant residues, a large percentége of
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these nutrients will be washed out of the residue and into the soil.
Classification of Soils as to Their Dependence
on Crop Residues for Maintainence of Productivity

Most of the major soils in the United States can be classified into one
of two groups: Group A, soils whose continued productivity is more or less
independent of their organic matter level and Group B, soils whose productivity
is closely dependent upon the soil organic matter in the surface soil.

Group A. A large and agriculturally very importan; group of soils has
physical properties that are generally favorable for crop production, and
these properties are resistant to change by man. Soil structure, ease of
tillage, infiltration rates and bulk density are favorable for crop production
and are determined largely by texture and by the type of clays and the base
status of the clays. Surface soil textures of this group are in the 15 to 30
percent clay range. The clays are of mixed, high exchange capacity mostly
2:1 lattice types and more than 60 percent of the exchange capacity is satur-
ated with bases of which calcium is the dsminant ion.

Most of them are Mollisols or Inceptisols with only slight to moderate
subscil development and most contain 2 percent or more organic matter in the
surface soil. These soils are resistant to deterioration because of proper-
ties that are difficult for man to alter. They can be so cpmpacted as to be
reduced in productivity and they can be pulverized so as to be subject to
surface seal, decreased infiltration and severe wind and water erosion. How-
ever, under most current management systems, tilth remains fairly good and
.usually does not limit crop yields.

Most group A soils have been in cultivation little more than 100 years.
During this time most of them have lost 50 percent or more of their original

organic matter content (Bartholomew et al. 1957 and Brady 1974). In general,



the ones that were highest have lost the most and some of the ones that were
originally very low in organic matter have gained some organic matter over
the years.

The constant rise in crop yields over time on thesc soils independently
of organic matter levels indicates that maintanence of soil organic matter
while desirable, is not essential to their continued productivity. Since
recently exposed subsoils that are devoid of organic matter have produced
highrcorn yields, it appears that at least on some soil materials, there is
no lower critical level of organic matter (Engelstad et al. 1961).

Erosion may occur whenever the rate of rainfall exceeds the infiltration
rate of the soil. Bare soils even in this group develop a surface seal during
intense rains which decreases infiltration, increases runoff and the opportun-
ities for erosion.

On cropland throughout the regions occupied by Group A, soils erosion
is estimated (Larson, et al. 1976) at about 12 tons per acre.

Wind erosion is liable to occur on any of these soils that are devoid
of a vegetative cover in the spring and early sumner. Wind erosion' is more
severe on the sandy and ldamy soils than on the silt lvams. Wind erosion
can be controlled by cultural practices such as rough plowing even when all
surface residues have been removed but control is much easier and more complete
if residues are present.

Erosion, both from water and wind, increases the cost of production on
these soils but results in none to a moderate loss of p;oductive capacity.

The offsite damage from water erosion can be prevented by use of terraces or
catch basins that prevents silt from leaving the producing area even though

soil movement within the field is at a rate of several tons per acre.
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Thus, on this highly productive group of soils a considerable portion of
the surface residue, such as corn stalks, and oat and wheat straw, could be
removed from the land without reducing the lands production potential.

A large and agriculturally important group of these soils occupies what
was tall grass prairie in the North Central States. This is area Land Resource
Region M in Figure 1. There are large acreages of soybeans but the quantity
of residue left after bean harvest is less than a ton per acre a;d is needed
on the land to help control wind and water erosion. Even when all soybean
residue remains on the land the cover is too sparse to be of much value. Inter-
seeding of soybean fields with winter small grains by airplane has been tried.
When fall rainfall is adequate to sprout the small grain, this practice is
very helpful in controlling both water and wind erosion.

If corn residue was removed from the land the needs for K fertilizers
would be increased probably by about a factor of 2. P fertilizer needs would
be little different than if the corn grain only was removed from the land. N
fertilizer neéds would vary but would eventually be increased by 50 to 75 pounds
per acre per year.

To the west of Resource Area M in Resource Areas F, G, H, and I, most
of the soils are group A so far as physical properties are concerned and on
irrigated land the statements made for the corn belt are generally valid. On
wheat land a minimum of about 1000 pounds per acre (McCalla and Army 1961) is
needed to help keep the land surface protected from wind erosion and help keep
it receptive to the limited rainfall. -~

There are surpluses of wheat straw over the amounts needed for land pro-
tection in some years but the quantities availéble per acre would be less and
the supply would be less reliable from year to year than for the supply of

corn stover centering in the Illinois-Iowa area.
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At the western edge of the Mollisols, the Brown soil regions of Wyoming,
Colorado and New Mexico, the quaqtities of crop residue produced on non-
irrigated land are frequently less than the quantities needed to keep the
land protected from wind erosion. Therefore, except locally on irrigated
land, surplus residues from cultivated crobs are very limited westward from
about the hundredth meridan (Central Nebraska).

Group B. Eastward and southward from the area of tall grass prairies,
the prairies merge into forest vegetation and tﬁe soils are mostly Alfisols
(gray-brown podzolic) and Ultrasols (red and yellow podzolic). These soils
are easily damaged by management decisions. 1Included are medium to sandy
textured, moderatgly to strongly acid soils low in organic matterp In this
group of soils, organic matter is very important in maintaining a desirable
surface tilth.

The group B soils, because they are on the ‘eastern seaboard, were the
first soils in this country to be farmed extensively. The planfation agricul-
ture of the "deep' south developed on them as did the largely self-sufficient
or subsistence farms of New England. These soils were always easily "worn out"
and in areas such as in the tidewater areas of Delaware, Virginia and the
Carolinaé much of the land was always in timber and relatively small areas,

"rest" under forest. Even so,

were used for a few years and then allowed to
the amount of cropland is less now than it was 100 years ago over much of the
area occupied by the group B soils. -This i; in part because the physical
condition of these soils deteriorates rapidly ﬁnder some types of cultivétion.
In general, organic matter maintéinencg or improvemeht is necéséary for
the continued productivity of these soils. Plow péns or traffié pans develop

rapidly which increases soil density, reduces permeability and soil water

holding capacity.
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Some soils such as the red limestone soils of Lancaster County,
Pennsylvania are maintained in a state of high productivity even though mést
of the corn is removed for silage. Manure resulting from the feeding of this
silage is returned to the land. Some alfalfa is grown and lime is applied
as needed so the soils are not strongly acid.

On this large and important group of soils, most of the crop residues
are needed on the crop land to maintain productivity, either directly or in
the form of manures. On similar soils in Europe, soil scientists recommend
that soil organic matter needs to be maintained at a level of at least 1
percent organic matter for each 10 percent of clay (De Lenheer 1958).

Therefore, for the row crops common to the area, such as corn, soybeans,
peanuts and cotton, essentially all residues are needed on the land and addi-
tional residue producing winter cover crops such as small grains or hairy-
vetch is helpful in improving productivity of these soils.

A possible exception concerns the wheat straw that is produced in a
double cropping system of wheat-soybean throughout the southeastern United
States about as far north as Indianapolis, Indiana or St. Louis, Missouri.
Where soybeans are planted directly into the wheat stubble, the stubble alone
furnishes sufficient ground cover and in fact, the wheat straw that went
through the combine and is returned to ghe land hinders establishment and
cultivating of the soybeans. One to two tons of wheat straw per acre is
available fromthis source. Use of this straw for energy would be in competition

for its use as bedding, for mulching and for livestock roughage.

Analysis of Potential Supplies of Corn Residue

in Land Resource Region M
Crop residue most likely to be available for energy productioﬁ is in the

cash grain areas of the corn belt in LRRM. Corn residues are most likely to
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be used because there are more of them than of any other type of residues, they
arc of limited commercial value at present for alternative uses and the poten-
tial supplv per square mile or county is high. As previously discussed, most
corn is produced on soils where the current supply of organic matter is

not critical for their ;ontinued productivity. They have lost half of their
original organic matter and corn yields are much higher than in the past and
are still increasing.

Land Resource Region M covers much of the corn belt, the major potential
suurce vl corn residués. A wide variéty of soil conditions are included in
region M and a classification of their relative suitability on a Land Resource
Area (LRA) basis is desirabie.

The LRA's in Region M are grouped into 5 groups in Table 2 according to
the suitability of the soils for furnishing corn residue for power generation.

The 77 million acres of land in the '"good" and "moderately good" cate-
gories is the most likely source of supply. In Lhis area the soils can be
kept in a state of high productivity cven though organic matter levels are
declining and the soils are eroding at a high rate. Crop residues properly
used, can cut erosion rates in half but over this area as ;hown by Larson et
al. 1976, erosion with present cropping patterns would be in excess of per-
missible rates even if all crop residues were left on the land. Siopes are
moderate throughout this area and much of the land has slopes of 3 percent
or less. Erosion or at least offsite erosion, can be controlled relatively
easily on this type of land with structures such as terraces and settling
basins and such structures must be used if this land is to continue in its
present use and erosion reduced to satisfactory levels even without any re-

moval of residues.
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Table 2.

of soils in Land Resource Region M, the corn belt

Relative importance of crop residues for maintaining productivityv

Land Use Area

Potential for residue

No. Acres x 1000 Description use and limit
_Total Corn
102 22,528 5373 Loess, till and sandy prairies Good
Moody
103 19,169 5741 Central Iowa & Minn. Till Prairies Good Wind
Clarion-Webster erosion
104 6,238 1863 Eastern Iowa & Minn. Till Prairies Good
Kenyon-Floyd
105 10,177 1500 Northern Mississippi Valley Loess Moderate erosion
Hill. Fayette
106 6,097 871 Nebraska and Kansas Loess-drift Moderate erosion
Hills.
107 11,601 3445 1Iowa and Missouri deep loess hills Moderate erosion
108 23,721 8032 1Illinois & Iowa deep loess and Good
drift '

109 9,665 1220 1Iowa & Missouri heavy till plain Moderate heavy sub-
soils &
steep
slopes

110 5,514 1513 Northern Illinois & Indiana heavy Moderately

’ till plain : good

111 21,587 5068 Indiana & Ohio till plain Moderately Forested

poor (Low clay)

112 14,637 590 Cherokee prairie Poor Clay pan
(Low sur-
face clay)

113 6,015 820 Central clay pan area Poor Clay pan

114 11,316 1808 Southern Illinois and Indiana Poor Clay pan

thin loess and till plain

115 15,313 1875 Central Mississippi Valley, Wooded Poor. Steep,

slopes slopes,
forested
soils
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Certainly not all corn fields should be or could be used each year and
probably no one field should be used every year but a reasonable gdal might
be to use the residue from one half of the fields in this area half of the time.

The 37 million acres with moderate potential includes a variety of soil
cpnditions that limit the suitability of the areas for furnishing corn residues.
LRA Nos. 105, 106 and 107 contain large areas of steep slopes where some crop
residues are neéeded to preveut pruss erusivu Letween terracco and to achiave
a more uniform waler iutakhe of thé 8811 ehan would vevur L 411 vesidiie nas
removed. LRA No. 108 contains areas of highly producclve rldge laud (abuut
20 percent of the total) but large areas of moderately productive and highly
erasive till derived hilly soils. These hillsides should not be used for
cropland and if they are so used, they need all the crop residues they produce
tc help keep erosion under control.

LRA No. 111 is a large and agricultu%ally very important and productive
area. A portion of the soils in this area developed under forest, are low in
ciay in the surface and require regular additions of residues to kcep tﬁe soils
in a good state of tilth.: Also there is more use of the curu furage for silage
or fodder for livestock feed than in the areas further west. Large quantities
of residues a%e produced and locally adequate quantities might be available
but the supply would be less reliable than in the areas preQiously discussed.

LRA Nos. 112, 113 and 114 are considered to be poor potential sources of
residues because most of the cropland in these areas is on nearly level clay-
pan soils. These soils developed under prairie but are highly weathered and
the surface soils are acid, low in clay aﬁd low in organic matter. These
sogl properties are characteristic of the forested soils to the east where
the crop residues are needed on the land to maintain soil ﬁroductivity.

LRA No. 115 is dominated by steep sloped and forested soiis. The area
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is not well suited to crop production and on most cropland the residues that
are produced are needed and are used on the land.

Summary of potentials for use of crop residues for energy generation

The principal source of crop residue that could be removed from the land
without seriously lowering future crop production or greatly raising produc-
tion costs is the corn residue that is commonly left on the fields throughout
much of the corn belt. The desirable physical conditions of msny of the Molli-
sols and Entisols of this region, the soils that developed under tall grass
prairie depend more on the amount and kind of clays in the surface than on
organic matter :and the nature of the clays is not easily changed by man. Slop-
ing land in this region is subject to erosion but about 80 million acres are
on slopes of less than 3 percent where water erosion can be readily controlled
and the land remain in row crops. The 50 million or so acres of cropland in
this region that is on sloping land is subjecf to severe erosion if used for
clean tilled crops such as corn and soybeans. Erosion can be controlled in
part by minimum tillage practices and by interseeding and off site erosion
damage can be controlled with terraces and settling basins on most.

In this region some 35-45 million acres are in corn each year furnish-
ing a large potential source of corn stover within about 200 miles of the
Illinois~Iowa border as at Davenport-Moline.

Another source of energy from crop reéidues is from wheat straw and in
good crop years a ton or so per acre might be garnered from the wheat fields
of the plains states, but mostly in Kansas. In dry years, most of the straw
would be needed to furnish ground cover. Wheat grown in a double cropping
system with soybeans in the southeastern United States furnishes a small but

fairly dependable source of straw as the straw needs to be removed from the
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Summary

Potential
Rating Areas Acres Acres of corn regiduc
Tons/A  Total
Corn Tons
Good 102,103 71,658,000 21,059,000 .75 15.8M
104,108
Moderately Good 110 5,514,000 1,513,000 .6 .9M
Moderate 105,106, 37,540,000 7,036,000 .5 3.5M
107,109
Moderately poor 111 21,587,000 5,068,000 .4 2.0M
Poor 112, 113 47,281,000 5,093,000 .25 1.3M
114, 115
183,580,000 39,769,000 23.5
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land before soybeans are planted.

Rice straw, though high in silica, might supplement wheat straw from the
wheat-soybean ‘double crop fields in the delta in LRR, O.

No mention has been made of the use of oat straw or of hay crops for
energy generation because in general, these crops are produced only as needed

in livestock operations and all oat straw is used for bedding or feed.

Growth of Crops Primarily for Energy Production

There are two major areas on which plant growth primarily for energy
production should logically be considered: 1) on soils unsuited to food
produption in humid sections because of steep slopes, shallow, rocky or
otherwise unsuitable soils for crop production and 2) in arid and semi-
arid regions where food crops or forage makes scant growth.

In the humid regions emphasis woﬁld logically be on production of
calories and a wide array of annual and perennial plénts warrant consideration.
In most instances, costs would dictate that the terrain be accessible to har-
vest equipment and costs also would usually favof perennials. Such perennials
as Johnson grass, if heavily fertilized with N, can produce 6 to 10 tons of
dry matter per acre per year. Hybrid popular, kudzu, and crotolaria are ex-
amples of the rangé of plant specles that either are extensive now or could
be introduced and harvested on a sustained basis for power generation.

With the perennials, a mat of living roots would be present at all times
and with most species the soll surface would be protected even following har-
vest so erosion should be easily controlled under most systems. Soil deteri-
oration problems would be mostly confined to fertility declines which could

be corrected with fertilizers.
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If the assumption is made that no. land in humid sections would be taken
out of cropland for this use, competition for land would be betweéﬁ land for
pasture or forest and on the forest land the competition would be between wood
for pulp or lumber or for energy.

There is a vast total potential acreage in this category. As shown in
Table 3 there are in the'private sector 102,444,000 acres of pasture,
462,724,000 acres of forest and 380,311,000 acrés df range land. Climatic
conditions on pastureland and forest are generally humid but range from sub-
humid and sémi-arid on the rangeland.

Nationally there is a large reservoir of LUC Classes I through III that
is not now in cropland amounting to some .230 million acres. The'largest
concentration of this quality of laﬁd is in the southeastern coastél plain;
in Land Resource Region P whereAthere is some 50 million acres of land in this
category. This land is now.iﬁ pésture or forest and some would reqﬁire
drainage before it could be uscd for cropland but might be éuitable in its
present state for producfibn of soﬁe'typés of energy crops; Pfoduction of
plant growth for energy uges would, of courée,,be'in conflict ;igh;théir<u;e
for forest or pasture and potentiall? fér their'use as crbplana.‘-“b

In the arid and §eﬁi;afid fegioﬁs, total Qegetati?e growtﬁAiQ much 1ésé
than in humid regions. OQér vast'afe;s'totél aﬁnual'growthlis sufficienf
only to support one cow on ZQ to 40 acres of range.

On suchAéréas, interest is léss iﬁ-togéi prqduction thén in prodécLion
of spécialiéea‘compdunasAsu;h és éré commbnly pfoéucea.By spccial'speéigé
under conditions of drought stfess. Produétion of rﬁbber by~tﬁe duayale:
plant is'éuch'an exampie. Soﬁe élants of-seﬁi—a?id regioas'ﬁroducé a hydro-

carbon compound that can readily be converted into a gasoline-like fuel.

66




Table 3. Major Land Use Categories in the United States*

Z %
1,000 acres Non Federal Rural Total
Total Land Area 2,268,215 100
Non Federal Rural Land 1,440,002 100 64
Cropland 437,583 30 M
Pastureland 102,444 7 5
Rangeland 380,311 26 17
Forest' land 462,724 32 20
Other ’ 56,302 4 3

Federal, Urban Etc.

All other lands 827,838 100 36
%

Federal Noncropland 759,602 92 33

Urban and built-up 61,119 7 3

Water area 7,117 1 -

*
From National Inventory of Soil and Water Conservation Needs 1967, USDA,
Stat B. No. 461,

xh
Of the Federal noncropland 360,035,000 acres or 43 percent of total is
in Alaska.
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Production of total calories per acre per year would be small under
desert conditions but production of special photosynthates could be very
importﬁnt. There are many acres of dry land that are now producing very low
yields of any Qseful product. Special plant species that could accumulate
hydrocarbons for several years might reduce plant establishment and harvesting
costs to a practical point. These desert areas could not compete with humid
areas in terms of total calories produced but might well become valuable
sources of special fiels.

| There does not appeaf té be any‘reasbn fof conéefﬁrfér ééil deﬁe;i6;a£ion
under any congeivable tyﬁe of special.plant production program on desert and
semi-desert lands.

Large areas of the dry lands are public lands included in the 759,602,000
acres of Federal noncropland category of Table 3. Portions of the 380,311,000‘

acres of rangeland listed as nonfederal rural land also is of this nature.
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Appendix A

Major Land Use Divisions in the United States

As shown in Table 3 there are 438,240,000 acres of cropland shown 1in
the 1967 National Investory of Soil and Water Conservation needs on nonfederal
rural land in the United States. This cropland is about 20 percent of the
total land area.

As shown in Table &4 most cropland is on LUC (Land Use Capability Classes)
Classes I to III. Ninety percent of all row crops are on LUC I and III and
as yields are higher on these soils than on the other LU Classes, essentially
all row crop production takes place on these soils.

Table 5 includes .a classification of cropland by LU Classes and sub-
classes for 16 midwest states, which includes the corn belt. This table shows
that on 158.8 million acres of cropland out of a total of 209.7 million acres

in this region, erosion is not the most severe problem.

69



. ‘ *
Table 4. Cropland in the United States by Land Use Capability Classes

LuC Cropland Row crops Close grown crops
1000 acres z 1000 acres 2 100 acres Z

1 36,276 8 22,046 14 T Teas T T T
11 187,258 43 78,585 49 45,128 45
111 141,710 - 32 44,788 28 35,190 35
I-111-Total 365,243 83 145,417 91 85,964 86
1v 49,740 11 11,199 6 11,121 11
v _ 2,076 0. 484 - 191 -
VI 16,325 4 2,591 2 2,981 3
VII 4,105 1 649 - 381 -
VIII 94 - 15 - 6 -
TOTAL 437,583 100 160, 355 100 100,644 100

* . ' : . :
From National Inventory of Soil and Water Conservation Needs 1967, USDA,

Stat B. No. 461.
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Table 5. Cropland in the 16 north central states region of the United States
by Land Use Capability Class*

Land Use Capability Class

. I II IIIWSC SUBTOTAL IIle TOTAL

State = =mmmmmmemmemeemm e me oo 1000 acres —=—-—=-—---mmmmmmece e
Kansas 1,284 5,652 1,913 8,849 15,018 23,867
Kentucky . 672 2,941 434 4,047 1,114 5,161
Illinois 923 16,410 2,265 19,598 2,199 21,797
Indiana 490 10, 340 1,310 . 12,140 592 12,732
Iowa 2,825 13,067 1,498 17,390 6,451 23,841
Michigan 61 6,148 2,460 8,669 458 9,127
Minnesota 1,511 12,862 3,947 18,320 1,350 19,670
Missourl 1,533 3,588 12,722 7,843 6,039 13,882
Nebraska 1,896 8,105 870 10,871 6,217 17,088
North Dakota 26 14,051 3,456 17,533 7,067 24,600
Ohio 292 8,925 1,227 10,444 1,495 11,939
Scuth Dakota 662 8,941 2,703 12,306 1,372 13,678
Wisconsin 448 8,245 2,075 10,768 1,600 12,368
Totals 158,778 50,980 209,758

*
From Shrader and Landgren (4).
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Question: As you go farther north, I understand that the residues
get to be a problem and as you get to northern Iowa and southern Minnesota
you really want to plow residues under in the fall so that you will have soil
warm up quickly in the spring and that encourages erosion.

Answer: That 1s quite correct. There are no easy answers. In
fact, sometimes there are no answers. And this 1s the case where there are
these conflicting objectives and problems. If you control the erosion you
increase the disease hazard, you increase the problems of insufficient tem-
perature, ’
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ADDRESS BY
Charles N, Kimball

Chairman, Board of Trustees
Midwest Research Institute

Biomass Energy Conference
Crown Center Hotel
Kansas City, Missouri

March 2, 1977

It is a pleasure to talk with you today. It is also a distinct
privilege. Let me also confess at the outset that not too many
months ago I wasn't familiar with the term -- Biomass -- or its
importance.

When asked to speak to you late last week, I was a bit at
loose ends. Clearly, I couldn't discourée on the policy issues
that the Secretary of Agriculture would have addressed. What would
I say to you; what theme should I key my remarks to? Musing about
this, I felt some obligatioﬂ to speak out on some issues of scientific
substance. After all, my entire career of 40+ years has been in
research or the management of it. I said to myself, "You should
not have been su;prised by the new word "Biomass' and you should

know a good deal more about it than you do."
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{
I was perplexed as I thought about this. Then it began to occur

to me that in my 25 years as president of MRI, and even from the days
of my earlier work in radar and television, I had been forced to learn
the real meaning of many new terms...like transistors, integrated
circuitry, pacemakefs, lasers, cyrogenics, agribusiness, birth control
pills, herbicides, regional economics, criminalistics, rcvcrse inigration,
and so on. I'm sure each nf you has o oimilai 1list,

Suine of these new terms are the product of scientific and
technological progress, others result from social, economic and
political forces.

The old notion thal change is an integral and necessary part of
the human existence came back to me, to reinforce the fact that the
successful management of change is a prerequisite for accomplishing
what we hurnan beings want out of lifc. ITow do we cope with change, what
changes are upcoming, what can we do given what we know, and what
else do we need to know to make things come out the way we want or
hope for. ''Chance favors the prepared mind, "

Each of you is here today because you recognize this general
proposition and you want more fully to understand what role biomass
can play. You are to be congratulated. Human progress is depcndent
upon people like you who are both sufficiently skilled and farsighted to

explore the unconventional,
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Had someone told me 35 years ago when I was working on the
emerging technology of radar and pulsing circuits and microwaves,
that the cultivation and burning of érass would be the subject of an
important conference, I would have been amazed. Yet, given the
changes which have occured in the intervening years, this conference
is at the forefront. It is aimed at dealing with one of the real future
issues of consequence.

The energy crisis has been bandied around as a term so much
that I almost hate to mention it especially at an energy related
conference. But unless you who are investigating the potential of
biomass and your colleagues who are similarly exploring the potential
of other means of dealing with the generic energy supply issue are
successful, our whole way of life -- the construct of our economy and
society, is in real jeopardy.

I literally stand before you physically today because others like
you earlier perceived problems and looked to unheard of solutions.,
For 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 particular heart disorder. -- the Stokes-Adams syndrome,
known for over 100 yéars -- and gotten together to exchange information,

I would not be your speaker today, or anyone else's speaker,
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Whether or not you agree with what I have to say to you today,
I am grateful to that earlier group of farsighted researcﬁers. Ican't
say that I am ''eternally' grateful, but I can say that they é.re the
recipients of my gratitude for an extended life, due to their sharing of
information among different trades. And so are 90,000 other Americans.
This symposium may not save the life of a particular individual,
but it may well contribute to the continuance of our society. I apain,
commend you for being here,
I have spoken of change and the fact that it is an integral part
of the scientific, technological, and human process. But, it is easy to
lose sight of this. It is more comiortable to be complacent -- to look
back on the good old days -- to believe that we have finally reached
fulfillmert,
Let me cite an example or 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 reachéd
a point wherein our problems were ones of deali.ng with abundance
rather than scarcity. At about the same time, a rgsearcher at the Center
for the Study of Democratic Institutions in Santa Barbara published a
piece which put forth the notion that economics was an oﬁgolete science.
Economics, he said, was the science of the allocation of scarce resources.

The future, he said would have to deal with the allocation of abundance.
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The oil rich states in the Middle East 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.
For the first time in history, inflation and recession went hand in hand.
This .upset a number of traditional economic theories. After several years,
economists are still groping around with this dilemma. The success
of the OPEC cartel was not lost upon others. One of the side benefits
you obtain from attending this symposium is that for two days you will
not have to listen to your wives complain about coffee prices.

Earlier this week, I heard that the United States and Canada
had scheduled talks on the establishment of a wheat cartel; the two natipns
account for something like 80% of all wheat exports. The results of
these talks will be quite important to 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 are not actually the
capital, now, we have plans to become so in the not too distant future.

The control of natural resource sources by more advanced,
consuming societies was the basis for the Colonial era, which spanned
several centuries worldwide. About midway during the Colonial
period it even became codified into economic theory. It was called

mercantilism.
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This exploitation of the natural resources of others wasn't limited
to European nations living high off the resources of Asia, Africa, and
South America. It occurred here within the United States too.

For decades this Midcontinent part of the country provided many
of the natural resources upon which the established Metropolitan areas
of the East flourished., In more recent times, the cities of the West
Coast similarly enjoyed the fruits of our resources. The result was that
this part of the country suffered from an inferiority complex that was
as large as our grain 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 East and West coasts to contribute to the economic
development of those regions.

At first this outflow of people was hased in fact -- the necessary
jobs were not in this part of the country, Later, the outflow was reinforced
by an ethic among thc young. Roughly, it was that only the losers stayed
in their hometowns: the bright, well-frained young had te migrato to
where they believed the action was.

All that has changed, especially in the last 2-3 decades. But as
I mentioned earlier, we arc rcmarkably slow to recognize the reversal

of trends and respond to them.
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For example, by World War I, it should have been apparent to all
that the old order was changing -- that the Colonial system was in the
process of decay. Then, during World War II, we went through a number
of agonies when the Japanese cut us off from our sources of rubber, tin
and other natural resources.. It therefore, shouldn't have been a surprise
to us when the Arabs did what they did with respect to o0il, or the
Brazilians are now doing with coffee. |

During this same period, changes were occuring within the U. S,
economy and society. The South was rising again. However, this time,
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 is a product of this trend. In 1944 a few
farsighted civic leaders in Kansas City reicognized that technology coupled
with the natural resources of the 'region was the key to the future. They
looked around, discovered that the resources were here, but that the
technology had to be imported from the East and West Coasts ~- or that
the raw material had to be shipped there, contributing to the jam of those
sectors.

Thus, MRI was founded. Clearly, we are not solely responsible
for the remarkable turnaround this region has experienced, but we have
played our part, and we are proud of it. (15000 scienctists and engineers

here -- Linda Hall Library)
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One of the more recent things we have done is to establish a
series of lectures which we call Midcontinent Perspectives. Now in
its third year, it entails monthly get-togethers of the local leadership
to listen to acknowledged experts -- all from this region, by the way.
We examine issues which will affect the course of events in the Midcon-
tinent. We then distribute monographs of these talks and questions and
answer exchanges throughout the region -- to 2 or 3 thousand decisinn
makers. In our first year we focused, rather naturally, on the food
supply and demand chain. Last year we looked at the energy situation
from the private sector view, and its impact on the region. This year
we are conducting a series of speculations on various facets of life in
our part of the country as they will be in the year 2001,

This series focuses on'current and upcoming issues we face
here in the Midcontinent, such as agribusiness, telecommunications,
cardicvascular diseases, the future of the family, how cities will be
governed in 2001. Your seminar today and tomorrow addresses the
potential of a particular solution to some of these issues. I am per-
sonally pleased to see this. We are closing in on the problems and
opportunities from both ends, i.e., issues and solutions.

Dr. Garland Hadley, Director of the Kerr Foundation in Oklahoma
City, and a thorough student of the reverse migration phenomenon,
quoted from the London Times in the inaugural session of the Midcon-
tinent Perspectives examination of the year 2001, The quote was, ""The
Tuesday evening meeting of the Clairvoyance Society of Wicksell has

been canceled because of unforeseen circumstances. "

82




Garland went on to say that the art of forecasting must be in some
disarray, if the clairvoyance society couldn't project events a week in
advance. In my remarks I have alluded to forces which were in the
works for dgcades that we failed to recognize and respond to.

For two days you will be looking at the potential of biomass, its
role in the overall energy equation, and as a cash crop. I'm not sure
where this places us in the spectrum of things we should recognize as
issues and solutions. Perhaps we should have held this seminar 10 or
20 years ago. However, given historical perspective, it appears to me
that you are substantially in advance of the reaction time man has typically
exhibited.

Since stepping up to Chairman of MRI's Board of Trustees two years
ago, I have been deeply involved on a personal basis in carving out a
development course for Kansas City and the region it serves. MRI, as
an institution, remains true to its founding mandate of regional develop-
ment. This seminar today and tomorrow is quite important to the future
of this part of the country,

Some examples of how what you discuss may affect the course of
development in the Midcontinent area:

The eastern edge of the region lies among the densest biomass
prgductioh area of the nation. On the other hand, the western side of
the region is characterized by marginal land upon which ;he cultivation

of biomass crops may well be the best long-term utilization of that land.
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Currently, the wes.tern land is being used for the production of conventional
crops. This use is only possible by the use of irrigation and the kind
fortunes of nature. By this I mean, when we get normal or above average
rai nfall, the western area is a viable conventional crop producing area.

In times like those we are now experiencing, which approach drouth
conditions, we get not wheat or corn, but dust. ¥}urther, the underground
water resources upon whi‘ch_current irrigation practices are _based are
being rapidly depleted. I suspect you may conclude that the best use of
this land may be something other than the current practices, and that
biomass crop production may figure strongly in the future of that part

of our region. B

e Second, I presume that all of you know that this region is referred K

to as the '"breadbasket of the United States.' Additionally, since some 60% 5%

of our national wheat crop, for example, is exported, some have tcrmed -
the region the '"breadbasket of the Soviet Union.'" This brings to the fore
the issue of whether we would be better off concentrating on the production
of conventional crops for export or whether -- in the face of t};e energy
crunch -- we should devote gome portion of this land to biomass production,
Whichever decision is reached will have profound implications for the
rcgion.

e Third, until recently a large part of the crops raised were
used as feeds for animals. Pricing considerations in recent years have
given us some pause here. However, this fluctuates back and forth

based on short-term factors.
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It may be that you will conclude that less land should be devoted to
feed production and more to biomass as a cash crop. If you do, it wili
have profound repercussions on the existing structure of our economy.
The existing capital investment in feed lots, grain elevators and so on
would be placed in jeopardy. My point is that this symposium is not an
"jvory tower' event; what you conclude will be of great significance to
this area.
In short, you have a rather grave responsibility not only to the
nation, but to this region. Despite the decline in the national birth
rate, there will be 30 to 50 million more Americans by the turn of the
century. The Midcontinent region is the logical place for many of these
people to live. We retain here a quality of life which is appreciably
superior to New York with its problems, or Los Angeles with its problems.
Kansas City on the other hand is still manageable. We have problems
but we have many assets. It is still not too late for us to cope. Des Moines,
Omaha, Oklahoma City, Minnea.polfs, Denver,' and smaller cities in the
Midcontinent are similérly blessed and manufacturing and service
business recognize this fact. People do too; they have been voting with their
feet by moving back to this part of the country to obtain the life styles
they want for themselves and their children and to take advantage of its

centrality and open society.
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We here want to ensure that the reasons they move back are maintained
and enhanced. You at this seminar have a role to play in this scheme of
thipgs. Just how we handle the biomass issue, how we balance it off
against exports or feed grains will be quite important.

You have a responsibility tAo both. Today and tomorrow you must
as councilman McSheehan, of San Franciscn, remaonstrated his collcagucsa
in the carly 19005, "Gral the bull by the tail and look the i1ssue squarely

in the face."

#H##H 1A #H A
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BIOMASS POTENTIAL FROM AGRICULTURAL PRODUCTION
W. R. Benson

Midwest Reséarch Institute

Estimates of the potential quantity of biomass from agricultural
production of grain and grass crops have been developed from the analysis of
a speclally 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 county-by-county inventory of land-use patterns. Howcver, 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 sources.
Based on the data in our data base, there are approximately 1,228,000,000
tons of biomass from all grains 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 1t similarly is planted on those same 206 million acres with a
total yield of 299 million tons. TForages are planted on 49 million acres con-
tributing 9.9% of the total biomass, or a total of 122 million tons.
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The largest contribution to total biomass yield is from the grasses.
A 46.3% of all the biomass from grain and grass sources is in the form of
pasture and range grass. It is planted on 760 million acres. This area in-
cludes the land reported in the Conservation Needs Inventory as land in pas-
ture and land in range grass and also a figure derived by MRI which repre-
sents federal rangeland. It is inappropriate to exclude this very large ex-
panse of land which was not included in the Conservation Needs Inventory.
We developed a method for deriving the federal rangelands mathematically
from the Conservation Needs Inventory and other data indicating the area of
each individual county. The land-use patterns and land capability classes
for federal rangeland are assumed to have the same distribution as for
other rangeland within the same county. If there was no rangeland in a
given county, an adjacent county or adjacent LRA was used to derive the dis-
tribution.

The analytical program for performing these analyses were developed
by Dr. Michael Davis of our staff. The format for presenting the analysis
results also provides for displaying the parameters of the particular analysis.
Figure 3 shows the total biomass available from crop residues, forages and
grasses.

Note that the report displays the land resource areas rank ordered
and in this case on column 10, the average yield in tons per acre for the
particular land resource area. Figure 3 is the first page of a multi-page
report; all 156 land resource areas appear in appropriate rank order on
subsequent pages. The bottom line of the report shows totals four the en-
tire United States and the subtotal shows cumulative values.

Note that the highest average biomass yjeld per acre is only
2.2 tons per acre, quite different from the 5 to 20 ton per acre yields
anticipated from underexploited species.

Four types of crops, are provided for in the analysis: food
crops, forage crops, grass crops and new crops. The food crops that are
included are Texas corn, corn, wheat, barley, rye, oats, sorghum grain,
soybeams, rice straw, hops, sunflower, safflower, and peanut hay.

The forage crops included are: corn silage, corn green chop,
sorghum silage, sorghum hay, sorghum grazed, alfalfa hay, clover, timothy
-and mixtures, small grain hay, other hay, grass silage, and green chop hay.

The grasses Included pasture grass, range grass and federal range grass.
The five new crops that are also part of the data base include kenaf, giant
reed, cattails, guayule, and guayule/mariola.

It is of interest to examine each of these components individually,
Current residues from food crops analysis is shown in Figure 4. Note that
the highest residue density is 2.4 tons per acre. That figure is the aver-
age for all crops grown in the particular land resource area. This is not
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SCENARIO TITLE:

FOOD CROPS INCLUDED: TCOR CORN WHEA BARL RYE OATS SORG SOY RICS HOPS SUNF SAF

CURRENT RESIDUES,

FORAGES AND GRASSES

RANK ORDERED ON COLUMN 10 OF THIS REPORT

FPEAH
LAND TYPES: TCOR CORN WHE A BARL FYE OATS SORG
soy RICS HOPS SUNF SAF FEAH
FORAGE CROPS INCLUDED: CORS CORG SORS SORH SRGG ALFA CLOV SMAL OTHR GRSS GREN
LAND TYPES: CORS CORG SORS SORH SRGG ALFA cLov
SMAL OTHR GRSS GREN
GRASS CROPS INCLUDED: PAST RNGE FRNG
LAND TYPES: PAST RNGE FRNG
NEW CROPS INCLUDED:
LAND TYPES:
(AREAS ARE IN THOUSANDS OF ACRES AND YIELDS ARE IN THOUSANDS OF AIR~DRIED TONS)
.3 4 5 6 7 8 9 10
FOOD CROP  FOOD CROP FORAGE CROP GRASS CROP  NEW CROP TOTAL BIOMASS AVERAGE
TOTAL RESIDUE YIELO Y1ELD YIELD BIOMASS PRODUCTION  BIDMASS
YIELD YIELD YIELD AREA PRODUCT ICN
TONS/ACRE
0. 4805. 4525, 1781. 0. 11til. 4973, 2.2
0. 31953, 2971. 4496, 0. 39421, 18123, 2.2
0. 6671, 456, 917. 0. 8044, 3734, 2.2
0. 6795. 1628. 1025, 0. 9449, 4567. 2.1
0. 4781. 4098. 2706. 0. 11585, 5604. 2.1
0. 22071. 3806, 2264, 0. 2814l. 14425, 2.0
0. 5207. 1956. 2495, 0. 9658. 4999, 1.9
O. 11956. 2297, 2396. 0. 16649, 8669, 1.9
0. 63. 111. 571. 0. 545, 295, 1.9
0. 19940. 2592. 4625. 0. 27156. 14917. 1.8
0. 825. 683. 1095. 0. 2601. 1484, 1.8
0. 115066. 25123, 24171. 0. 164360. 81790.
0.  299260. 121721, 568704, 0. 989689, 1012748,

Figure 3
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2
TOTAL
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4665.
23721.
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ig9le9.
122982.

1895418.

ESTIMATEO ANNUAL EIQ4ASS pRODUCTION FROM GRAINS AND GRASSES
FOR LAND RESOURCE AREAS tLRA)L, RANK ORDERED ON CGLUMN 10 OF THIS REPORT

SCENARIO TITLE: CURRENT RESIDUES

FOOD CROPS INCLUDED: TCOR CORM.WHEA BARL RYE OATS SORG SOY RICS HOPS SUNF SAF  PEAH
LAND TYPES: TCOR CORN WHE A BARL RYE OATS SORG
soY RICS HOPS SUNF SAF PE AH
FORAGE CROPS INCLUDED:
LAND TYPES:
GRASS CROPS INCLUDED:
LAND TYPES®
NEW CROPS INCLUDED:
LAND TYPES: A
(AREAS ARE IN THOUSANDS OF ACRES AND YIELDS ARE :N THOUSANDS OF AIR-DRIED TCNS)
3 4 5 6 7 8 9
FOOD CROP FUOD CROP  FORAGE CROP GRASS CROP  NEW CFCP TOTAL BIOMASS
TOTAL RES I DUE YIELD YIELD YIELD BIOMASS PRODUCTION
YIELD YI1ELD YIELD AREA
0. z179. 0. 0. 0. 2179. 896,
0. 31953, 0. 0. 0. 3.953, 13964.
0. 6671, 0. 0. 0. . 671, 2942.
0. 347. 0. 0. 0. 347. 155.
0. 278. 0. 0. 0. 273, 125.
0. 4781. 0. 0. 0. . 4781, 2247,
0. 11956. 0. 0 0. 11956. 5629.
0. 181. 0. 0. 0. 181. 87.
0. 6795. 0. 0. 0. 6795. 35312.
0. 4805. 0. 0. 0. 4805. 2394.
0. 22071. 0. 0. 0. 22071. 11247.
0. §2018. O. 0. 0. 9z018. 42999,
0. 299260. 0. 0. 0. 29<260. 202843.

Figure 4
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to say that there are not higher yields within a given LRA. The density of
- biomass yield is an indirect measure of the economics of collection and the
availability of biomass sources within that land resource area.

The geographic distribution of biomass is shown in Figure 5.* The
higher densities are in the corn belt and the California valley region.

The analysis for biomass from forages shows much higher yield
densities for the forages than for residues with yields running up to aver-
ages of 6 tons per acre, see Figure 6. Of course, the total yields are much
smaller than for residues because fewer acres are planted. The geograﬁhic
distribution of forage yield densities are shown in Figure 7.* Many of these
forages are produced under conditions of irrigation.

~ The analysis for biomass from grasses 1s shown In Flgure 8. Note
that the yield densities of grasses are very low. The best LRA's yield
less than 2 tons per acre. The average yield for the entire United States
is approximately 3/4 ton per acre.

Data are not readlly available for yields of grasses; yilelds
for grasses were derived. The COA yield for "other hay" on crop land in
each county was reduced by 0.25 for pastureland and by 0.5, for rangeland
and entered into the data base as the projected yield for biomass from
grass sources.

The geographic distribution of grass is shown on the map of
Figure 9* Those LRA's in which the average biomass density is 1-1/2 tonmns
per acre or greater are of particular interest. With this density in con-
tiguous acres, a collection radius of 10 miles would be required to support
a 41 megawatt power plant fired with 100% biomass fuel, assuming a heat
value for the biomass of 16 million Btu's per ton, and a heat rate for the
plant of 13,500 Btu/kw-hr.

The contribution the residue of various food crops to the biomass
yield is shown in Figure 10. The width of the bar shows the relative
density of average residue yield, and the height reflects the total number
of acres plénted. Therefore, the area of each bar of the histogram shows
the contribution of that crop to total biomass based on current production
figures. Note that corn makes the major contribution with 156 tons of bio-
mass material planted in 61 million acres. Wheat and soybeans, are the next
two major contribution crops, with sorghum, oats and barle§ and others making
lesser contributions.

The figures at the top of each bar show the range of average
densities by LRA which were determined by the analysis.

o
<

Figures 5, 7, and 9 not included.
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LRA NO. ~ TDTAL
AR EA

S 31 2714..
30 34755.

T . 3524,

17 24122,
20 5548.
41 1157,
42 49M17.
40 9347.
37 3520.
11 6719.
27 10829.

SUBTOTAL 158653.

TOTALS 1895418.

ESTIMATED ANNUAL BIOMASS PRODUCTION gROM GRAINS AND GFASSES

FOR LAND RESQURCE AREAS (LRAIJ,
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LAND TYPES:
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GRASS CROPS INCLUDED:
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ESTIMATED ANNUAL BIOMASS PRQCUCTION FROM GRAINS AND GRASSES
FOR LAND RESOURCE AREAS (LRA), RANK ORDERED ON COLUMN 10 OF THIS REPORT

SCENARIO TITLE: CURRENT GRASSES
FOOD CRUOPS INCLUDED:
LAND TYPES:

FORAGE CRDOPS INCLUDED:
LAND TYPES:

GRASS CROPS INCLUDED: PAST RNGE FRNG
LAND TYPES: PAST RNGE FRNG

NEW CROPS INCLUDED:
LAND TYPES®

(AREAS ARE IN THOUSANDS OF ACRES. AND YIELDS ARE IN THOUSANDS OF AIR-DRIED TONS)

1 2 3 4 5 6 7 8 9 ' 10
LRA NC. TOTAL FOOD CROP  FOOD CROP  FORAGE CROP GRASS CROP  NEW CROP  TOTAL BIOMASS AVERAGE
AREA TOTAL K ES IDUE YIELD YIELD YIELD BIOMASS  PRODUCTION  BIOMASS
YIELD YIELD YIELD AREA PRODUCT ION
TONS/ACRE
o 1%2 4264 . 0. 0. 0. 413, 0. 413. 234. 1.8
Y 9 2003. 0. 0. 0. 371. 0. 371, 210. 1.8
137 6086. 0. 0. 0. 906. 0. 906. 517. 1.8
155 9702. 0. 0. 0. 4329. 0. 4329. 2496. 1.7
98 11311. 0. 0. 0. 2495, 0. 2495. 1498. 1.7
138 2121. 0. 0. 0. 794. 0. 794. 482. 1.6
100 925. 0. 0. 0. 362. 0. 362. 225. 1.6
95 9069. ' 0. ' 0. 0. 1781. 0. 1781. 1172. 1.5
153 26269. 0. 0. 0. 2116. 0. 2116. 1406. 1.5
111 2i587. - 0. 0. 0. 4625. 0. 4625. 3085. 1.5
139 3801. 0. 0.. 0. 1095. 0. 1095. T44. 1.5
SUBTOTAL 97737. : 0. 0. 0. 19288. 0. 19288. 12070.
TITALS  1895418. 0. 0. 0. 568704. 2. 568704. 759828.

Figure 8
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Figure 11 shows current U.S. forage crop yields. Note that only
49 million acres are planted in forages for the entire United States. The
yvields for forages are considerably greater than for crop residues, with
some yields being nearly 10 tons per acre.

Because of problems of erosion control, not all residue can be
removed from the land. In recognition of this problem we applied an 807%
factor to the indicated yields of food crops for the next analysis, shown
in Figure 12, entitled residues and spoiled forages. In this analysis 80%
of the residues are included. Approximately 107% of the forages produced
arn spoiled and, therefore, unsuitable for use as feed, and are included
in this analysis as bicmass. Grass crop yields are not included in this
analysis, due to the low density of grass crops, andlthe likely high cost
nf harvesting of grass. It may be that grass has a high potential for con-
tributing large quantities of biomass, given that it can be economically .
harevested.

If crops with higher yields could be planted on these grasslands;
the economics of harvesting and collecting a blomass might be more favorable.
In this next analysis 10% of the rangeland is planted in new crops. The
new crops included are kenaf, giant reed, cattail, guayule, and a hybrid of
guayule with mariola. The land, however, is assigned by land capability
class land use category combinations as shown in Figure 13.

Each new crup is planted in those LRA'c where it can be adapted.
The total biomass production for this analysis is shown in column 8 as 484
million tons. The analysis results are shown graphically in Figure 14.

Another scenario was developed which assumed a different feeding
regimen for cattle such that they would be fed a longer period on grass.
This concept would reduce the number of acres that are devoted to produc-
ing grain to feed cattle, opening the possibility of converting those
acres to the production of biomass. In one such scenario no grain is fed
to cattle under 700 1b. The vacated croplands are planted in the highest
yield crop for each LRA. This biomass is combined with the reamining crop
residues, spoiled forages, and new crops on 10% of the marginal lands. This
scenario has a biomass yield potential of 523 million air dry tons, dis-
tributed as shown in Figure 15.

The next scenario, considered is to reduce the grain fed to cattle
to only those under 900 1b. It provided a further reduction on the amount
of grain fed to cattle and an additional vacation of cropland to be planted
in a high yield crop. The analysis program selected the crop having the
highest yield for each LRA and planted it on the croplands vacated in the
LRA. This scenario is a potential yield of 569 million tons. See Figure 16.
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BIOMASS AVAILABILITY DISTRIBUTION

SCENARIO: RESIDUES AND SPOILED FORAGES
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BIOMASS AVAILABILITY DISTRIBUTION

SCENARIO: RESIDUES, SPOILED FORAGES AND NEW CROPS ON ~ 10% GRASSLAND
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A third scenario relates to the feeding of grain to no cattle
under 900 1b or over 1,100 1b. The yield potential is further increased
to 579 million tons, see Figure 17.

Another approach to providing additional lands for bilomass pro-
duction is to consider alternatives to the exporting of grain. For ex-
ample, since the U.S. exports 60% of its wheat, range numbers of acres are
devoted to wheat for export. If a national policy decision were made to
reduce those exports, additional lands would be available for the production
of biomass. One such scenario is to reduce current exports by 25%. The
biomass yield potential is increased to over 600 million tons per year, as
shown in Figure 18. '

) If exports were reduced by 50% the potential yield increases to 724
Miliion tons, see KFigure 1Y. 1f it were possible to eliminate all exports of
grain the potential biomass yield would be 778 million tons annually, see
Figure 20.

We are not suggesting that any one of these scenarios is nec-
essarily feasible. They are intended to illustrate possibilities for other
land use scenarios favoring biomass production.

The biomass potential from grains and grass sources under selected
land use scenarios is summarized in Figure 21. These estimates can be ex-
pressed in millions of air dry tons per year, and also as potential energy,

In quadrillion Btu's per year. Considering only 80% of the residues and

the spoiled forages, there is a biomass availability of 252 million air

dried tons with an energy potential of 4 quadrillion Btu's. To put that in
perspective, the total nuclear power industry with 45 plants on stream, more

or less, is currently producing somewhat less than 2 quadrillion Btu's of energy.

If new crops on 10% of the marginal lands are added to residues and
spoiled forages, the biomass potential is increased to 484 million tons or 7.7
quad. Limiting the amount of grain Fed tn animals, hac the potential for in
creasing that potential biomass energy availability to 8.4 quad, 9.1 and 9.3
quad, respectively for thonse scenarios.

Reducing grain exports, has an even greater potential to in-
crease the availability of biomass. If grain exports are reduced 25% as
air independent scenario, the energy available from biomass would be 9.6
quadrillion Btu's. Elimination of all grain exports could provide 15
quadrillion Btu's. The entire United States utilizes approximately 78
to 80 quadrillion Btu's annually for all energy requirements.
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BIOMASS AVAILABILITY DISTRIBUTION

SCENARIO: LIMIT GRAIN FED TO CATTLE TO THOSE GREATER THAN 900 LBS
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Potential Biomass Availability
For Selected Land Use Scenarios

601

Total Biomass, Potential
Scenario Millions of Energy
Air Dry Tons 1013 Bry*
1. Residues, Including Spoiled Forages 252 4.0
2. Residues, New Crops on 10% Marginal Land 484 7.7
3. Only Feed Grain to Cattle >700 Ibs 523 8.4
4. Only Feed Grain to Cattle >900 Ibs 569 2.1
5. Only Feed Grain to Cattle >900 < 1100 Ibs 579 9.3
6. Reduce Grain Exports 25% 602 9.6
7. Reduce Grain Exports 50 % 724 11.6
8. Reduce Grain Exports 100% 960 15.4
A. Add Reduce Grain Exports 25% Scenario +135 +2.1
to Only Feed Grain to Cattle >900 Ibs
Scenario.
B. Increase New Crops on Marginal Land: 1349 5.6
to 25% ' +
C. Increase New Crops on Marginal Land 1930 +14.8
to 50%.

*Assuming Average Heat Value of
16 x 10° Btu per Air Dry Ton

Figure 21




If the reduced grain exports by 257 scenario were added to the
only feed grain to cattle over 900 1lb 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, 1if 507%
of the rangeland in the United States could be brought into new crop pro-
duction, almost 15 quad of energy could be produced.

The puleulial avallabllily of bLilomass firom grain and grass ssurced
has been clearly demonstrated. What remains to be done, i8 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.
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A CASE STUDY OF BIOMASS FARM MANAGEMENT

R. C. Mathews, Director Production,
Farm and Ranch Management Division

Doane Agricultural Service, Inc.

At Doane Agricultural Service, we have been working on the Biomass
Farm Management project several weeks and we haven't got all the answers by
any means. This discussion is more in the line of a progress report rather
than a final, conclusive report.

Currently, we are looking at the use or production nf biomaso from
the standpulut of a practical farm operation in order to determine the fi-
nancial returns and possibility of producing biomass in competition with
other crops. In doing this, we first selected, with the help of MRI, three
farms. We had one farm in Kansas, one in Iowa and one in Mississippi. These
three farms were to be used for our analysis.

The Kansas farm is about a 3,000-acre wheat farm. Some sorghum is
also grown there. There is no irrigation of any significance there.

The Mississippi farm is approximately 1,500 acres. It's land is
devoted to cotton, soybeans and pasture.

The third farm, and the one that we are primarily concerned with
in this report, is in Iowa. Actually, there are three parcels to the farm.
The total acreage is 1,039 acres and the units are not contiguous. They
are spread about 10 miles apart. One of the parcels of the Iowa farm is
about 10 miles from Ottumwa and the other two parcels are about 11 miles
from Fairfield. All three are in southeast Iowa.

These three parcels of land are currently being operated on a
grain share operation. The operator is actually renting the farms. How-
ever, we are approaching the analysis from the total farm standpoint. The
operator has normally been devoting 50% of his land to corn and 50% of his
land to soybeans. He has also raised a small amount of oats and a little
hay.

The Iowa farmer has four tractors. One of them is a 275 horse-
power 4-wheel drive John Deere. He has 125 horsepower and 295 horsepower
tractors, 30 foot offset disc, one 7700 John Deere combine. He's a good
John Deere man and he is stuck with the John Deere equipment. Normally,
one would think with this horsepower lineup that he's a little overpowered,
but this is the usual rather than the unusual nowadays.

Now, from the labor standpoint, he has his wife, two daughters,
son-in-law and part-time hired man, so he has a lot of help there. The
wife and daughters will work when it's necessary. The son-in-law, the
part-time hired man and the operator do the bulk of the work.
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The soils on this farm are basically Grundy Haig as well as a
few other soil types. It has Kola, Arispe, Rinda Pershing and Armstrong
soils. Actually as it's classed by the Federal Government, there are no
Class I soils on this farm. There are Class II soils on the level upland,
which would be Grundy and Haig soils. Haig soils are the more level. The
Haig soils tend to be a little on the wet side, which occasionally causes
problems.

The Grundy soil is on the slope. Some o6f the other suvils are
Class III and IV soils. The slopes are fairly sharp here and the farmer is
farming some on the contour, so he is using some soil conservation measures.
He has even done some terracing on these slopes.

The farmer in this case does not differentiate between soil types.
He farms it all. Keeping soil losses down to 5 tons or less per acré per
year is an impossibility on this farm the way the operator is farming it.
We ran some analyses and we determined he might be able to keep soil losses
down to 20 or 25 tons per acre if he were careful, but realistically, the
losses are probably in the, range of 30 or 40 tons per acre per year. We
have to look at the farm operation from the standpoint of what the farmer
will do today. We can talk about trying to keep soil lnsses down to 5 tomns
per acre, but that's not realistic as most farmers aren't controlling their
losses unless they are on a strictly grass operation.

Now, let's examine the climatic data. Average rainfall in south-
east Iowa is a little higher than 34-1/2 inches per year compared to about
32 inches per year for the state. Average monthly temperatures for south-
east Iowa are 48 to 51 degrees. :

It's interesting to note that the state as a whole has less rain-
fall than southeast Iowa, but in several months, May and June and August,
the state has more rain than southeast Iowa. Thesc statistics are based
on 30-year records.

Our first analysis on this Iowa farm is a benchmark analysis
using current crop production and how it might relate to biomass. In other
words, this analysis will determine the possibility uf producing biomass from
current crops. This first step gives us a baseline to work from. In this
analysis we are preparing unit budgets on each crop that's suitable for bio-
mass production, as well as on the other crops grown. These unit budgets
are then run through a linear programming analysis to get the mixture of crops
that will optimize both income and biomass yield.

So far we have analyzed the current crops (corn, soybeans, and oats),
on the Iowa farm., We have not gotten into analyzing specialized biomass crops,

So, using a budget generator, we input all the items as they existed
on the farm. (Our price levels are basically last quarter or current price
levels.) We made about 17 different budgets all together. One group of
budgets was made for conventional farming and one group was made for basically
conventional farming utilizing the residue for biomass. The third was using
crops entirely for biomass. And the basic results weré as follows:
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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 100%, 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 corn's 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
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round baler, the 3 ton stacker and a chopper for straight biomass. The
cost between the stacker and the large baler was insignificant, it was 2
cents difference in the budget. So it looked to us like it's a toss-up
between which of the two systems to use. There is some difference in cost
between the small baler and the chopper. However, there are some new de-
velopments in machinery which could change these cost estimates, so we will
have to look further into the cost of harvesting biomass.

Then, of course, we will have to look into some of these exotic
crops, like kenaf, that may be suitable for biomass production. Not too
many of these exotic crops are suitable for Iowa, but in some of the other
arcas they may be more suitable.

Mow, lat's wake wowe tentatlve coaclusious.

The utlllzatlon of refuse seews feaslble. Untll the value of
biomass exceeds the value of grain, biomass production is not feasible.
So when we have corn at two dollars and a quarter a bushel. it takes pre-
cedence over 540 a ton biomass, which is the value of biomass that we used
in these calculations. In addition, the removal of biomass is not feasible
unless the value of the crop removed exceeds the cost of additional fer-
tilizer, collection and transportation, which it didn't in the case of soy-
beans. As a matter of fact, in the case of soybeans, the more biomass you
took off the less money you made, so it was a self-defeating process.

Another factor that's extremely important is that rather small
changes in prices will significantly alter our conclusions of biomass po-
tential. For example, if corn was $2.50 a bushel instead of the $2.25 a
bushel used in these analyses, biomass production would not be very profit-
able.

QUESTION: You said biomass was worth $40 a ton. I believe that's
way out of line. That makes us over $2 per million Btu's, which is way out
of line in respect to coal or anything else, erec1ally when you add the con-
version cost. ‘

ANSWER: The figure used was an average value of fuel furnished to
electric utilities for 1Y/5, $2 per million Btu.

QUESTION: You must be using the wrong figure for the efficiency of
the boiler, because that's way out of line for the replacement fuel value.
For bagasse, for example, you figure two barrels of fuel o0il per ton of
bagasse, and it can't be that much more. At $13 a barrel, that $26.

ANSWER: Coal was being provided last year at 95 cents a million
Btu, gas, the figure was slightly less than a dollar, and oil was at $3 a

million Btu's.

QUESTION: What you have got to compare with is coal. You are
talking about double that price. You are talking about $2 a million Btu.

ANSWER: That's correct,
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QUESTION: The other question I had is what's your hauling distance?

ANSWER: Approximately 10 or 12 miles.
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COMMERCIAL USE OF CORN COB RESIDUE

Mr, William Hudson, Manager
Market Development

The Andersons

The Andersons is a grain exporting company. We export 2.5 million
tons of grain, principally, corn. That would be, say, 20 percent of what
Great Britain uses in a year. That's ahout 4 percent of the nation's total
exports of all grains.

In tho aot of doing that we handle abuut 100,000 tuus of corn cobs,
These corn cobs are one of the diversifications of our company and what I
principally want to discuss.

Back when this corn cob business started, we called it turning a
minus into a plus. The corn cobs were a minus. They came with the corn,
but there wasn't anything that could be done with them 25 years ago. That
was before the combine came along. Back then the corn cobs were piled into
block long piles containing maybe four or five thousand tons of cobs. These
piles were then set on fire. And, just in case anyone wonders if there
really is energy in that biomass, there is. Those piles of cobs would burn
for months at a time and the more water you poured on them, the harder the
fire would burn. 1It's called fermentation.

At the Andersons, wWe managed to turn this minus into a plus in a
traditional case of American industry at work. This minus-to-a-plus is by
means of technology and marketing.

The Andersons cob division today manufactures a wide range of corn
cob products. The uses of these products will be discussed later in the re-
port. Now, let's review where the program starts; it starts with the farmers.
We at the Andersons are not as much of a research company as we are actual
marketers, but we feel that the farmer who wants to get in the corn cob pro-
gram today has to make a dedication to ear corn harvesting early in the game.
He has to plant the corn so that it can be harvested on the ear. 1In other
words, if he goes out in the fall and wants to harvest his corn on the cob,
but he has planted and done his row spacing for shelling in the field, then
he is not going to get much of an ear corn harvest.

The cobs used to be around in great quantity, but as the field-
picker-sheller machine came into vogue, the availability of cobs went down.
So at some point in time, maybe 10, maybe 15 years ago, somebody made a de-~

cision that we would start paying for the cobs. We now pay a premium of
around 10 cents a bushel to get corn to us in the form of ear corn.
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At harvest time, those farmers interested in selling both the corn
and the cob, pick the entire ear of corn. There are still a couple of com-
panies that make ear corn pickers,notably New Idea Farm Equipment Company
of Ohio.

The ear corn then has. the husks removed. A type of solar drying
is one way of obtaining clean, husk-free ear corn. Now the corn is ready
for cribbing, or field storage.

There are just about as many different kinds of field storage
for ear corns as there are farmers. There are dozens and dozens of differ-
ent ways to build a crib. There are some people from Purdue who have cata-
logged at least 2 dozen different ways to build a crib so that it maximizes
the wind and sun energy that's available for any particular farm and so that
is simplifies the loading and unloading procedures.

When corn is dried on the ear and the ears brought to us, the
corn quality is absolutely superior. In other words, the amount of foreign
material is negligible. The corn that is dried naturally and patiently on
the ear doesn't break as much. We can document maybe a 7 or 8 percent sav-
ings in quality to the nation's corn crop. This savings in quality and en-
ergy obviously was not a factor when the John Deeres and International Har-
vesters started selling the field-picker-sheller. Then, energy was no cause.
Of course, most companies were shortsighted in the fifties and sixties as
far as energy was concerned,

Here is how the corn cob process starts from our standpoint. The
trucks come in all year round loaded with ear corn. The trucks are then
weighed and the quality of their load of corn is checked. Then the trucks
are unloade?.

The unloading process is automated. The corn is dumped out the
back of the truck onto conveyor systems'which transfer the corn into a series
of six parallel shellers. So the corn kernels are separated at this point
and started on their way in the export stream,

The next step is to reduce the size of the corn cobs. A set of
revolving hammer mills is used for this step. Cobs come out of there about
1 inch long. Then they go into a tumbler type of dryer. The cobs are dried
‘toa 6 to 8 percent moisture content in order to get them to grind right,

In 1958, our contribution to the technology of corn cob process-

ing was to perfect certain existing roller mills. A cob is a pesky creature.
They are hard to grind, very hard to grind. Before beginning the grinding
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process, the cob, particularly the woody-ring portion, has to be sheared
apart. You can't hammer the cob because it simply compacts. The cellulose
is in a fibrous bundle and it sticks together and just gets harder and
harder as it is hammered. It doesn't break. So our contribution to the
technology has to do with the way we split the cob,

We also made a contribution in separating the three portions of
the cob. The three portions of the cob are the part that holds the corn on
the cob (called bees wing thread), the woody-ring portion, and the center
or the pith. The woody ring makes up 60% of the cob by weight, the bees
wing and pith make up 40%.

Now, we make a separalion vl Lhe pilh and Léed wing oié WAy And
the woody-ring another. The woody-ring ie four times as hard as maple and,
therefore, it commands a high price as an industrial abrasive. The pith
and bees wings are soft, dusty, icky, hard to handle, so we pelletize that
material and sell it as animal feed.

One of the things we do well and are proud of is removing the dust
from the pith and bees wing. This helps us to sell against other corn cob
makers. .

We also made some patented advances in the grading of products,
sizing, and classifying the different sizes. Corn cobs are brought to us
in all different sizes and grades and we have found markets for the differ-
ent size ranges.

The final tool that we use in the grinding process is an attrition
mill, which involves two large spinning plates, and this takes the cob on
down to the finest size to which we can get it.

In addition, we have a lot of quality control going on. If we
don't hold our quality standards, it's like any other product. The customer
won't buy it., There are a lot of automated and computer type controls in one
of these factories, as there are in any other modern day factory. Included
in these controls are safety and OSHA concerns.

The end products of the corn cobs are separated into four differ-
ent grades which we call Grit-0' cobs, Lite-R cobs, Bed-0' cobs, and Slikwik.
The Grit-0' cobs comes from the grit, the woody portion and they are used in
tumbling and soft-grit blasting, finishing of plated metal parts and dry
cleaning. However, their most impeortant single use is as an absorbent car-
rier for agri-chemicals. One agri-chemical they are used in is insecticide.
Corn cob is very absorbent and provides.a time release for the pesticides
that are of a systemic nature. Another agri-chemical use for Grit-0' cobs
is an extender of lawn products. Here again their role is to absorb the
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pesticide. The American householder is not very adept at using liquid pro-
ducts, so the product must be extended for him.

The important use for the Lite-R cobs, which is made from the pith
and bees wings, is as roughage in cattle feed. There is no protein in the
cob to speak of, but the cow's rumen can break the cellulose bonds in the
roughage down into glucose.

" The Lite-R cobs are also used as an oil slick absorbent that we
call Slikwik. This Slikwik can be loaded on o0il tankers and dumped on an
0oil spill, when necessary. This process works quite well; the cell is ab-
sorbed rapidly. - The speed of absorption is quite fine for corn cobs that
have been dried down to the 10 percent range. So we have sales of these
products in all of the major counlries.

We are into the research and development of new uses. A good deal
of time and money was spent trying to understand a new use in the chemical
area called xylatol, which is a new sweetener. It's made out of the five
carbon parts of the cob.

Cob is an interesting creature from the chemical standpoint be-
cause it contains around 5 to 6% lignin, which is less than the amount con-
tained in wood. Also, there's around 28 to 30% cellulose in corn cobs, and
by cellulose I mean the 6 carbon family that are linked together, And,
there is around 357 of the 5 carbon family in cobs., What this all means is
that the cobs turn out to be possibly the richest source of xylose under the
sun on a pound-per-pound basis.

One of the obvious uses of cormn cobs is to burn them. Fifteen
or twenty years ago, The Andersons did burn them for fuel. When the cobs
are burned, they release potassium oxide as they contain a substantial
amount of potassium. This potassium oxide eats up the grate of the typical
furnace. That's not a big technical problem for a company like Hughes Air-
craft or General Electric, but for a company in the American grain industry
with two engineers to work in the problem, it can be a tough one to solve.
So we used what we call a moving grate burner 15 years ago. The product
of the direct combustion was hot air and this hot air went into our grain
dryer.

Now, as these other industrial uses developed and the cobs got
more expensive, they got to be worth too much to burn. Therefore, up-until
last year, they were worth too much to burn. But now the energy picture has
changed all that.
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During the past year, we have built a fluidized bed burner to over-
come this potassium oxide problem. Our engineer, Bob Anderson, has been try-
ing to get the burner to work as our intention is to convert over to corn
cob power next year. We will unearth our old moving grate furnace and do
our grain drying with cobs.

The economics of the corn cob business is an important considera-
tion. 'Thé éar c¢o¥n premium that we pay is around 10 cents a bushel. Now,
a bushel of ear corn weighs 70 pounds, and about 10 pounds of that is cobs.
That's the figure we have found to be correct in our experience. So at 10
cents a bushel and 10 pounds to the bushel, cobs cost arnund $20 a ton,
This $20 a ton figure will vary throughout the year as we vary that premium
in order to evén out the inflow ot cobs all ycar long. That way we get cobs
365 days a year. So the price of cobs comes out to be approximatcly a penny
per pound and we've found that most farmers will haul most things for around
a penny a pound. OQOur average hauling distance is probably 70 miles. We
draw from the tip of Michigan down to Toledo, and we draw from Pennsylvania
and southern Ohio. So a lot of people come from 150 to 200 miles with ear
corn. It would be possible to get all the cobs wanted from a 25-mile radius,
but, farmers are just as diverse as other groups, and they won't all haul
their cobs to be sold.

Now, the cobs, the soft part sold as feed currently brings around
$40 a ton in the United States. Then the cobs as grit sell for $110 a ton,
which is worth more than the corn itself. And the cobs used for fuel are
worth $46 a ton as compared on a Btu basis to current propane prices.

So that's the story of turning, a minus into a plus as well as the
story of one of the two or three companies currently operating in the biomass
area. Quaker Oats is the furfural maker and I think they handle over twice
as many cobs as we do. We handle a total of 100,000 tons, so between Quaker
Oats, us, and the other corn cob grit producers, there is maybe half a mil-
lion tons of cobs in use.
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ALTERNATIVE ORGANIZATIONAL AND
MARKETING ARRANGEMENTS FOR
MARKETING BIOMASS
By

Dr. William E. Black*

ThisApaper will identify the alternatives of business organizations and

marketing arfangements that might be developed to transfer bhiomass from

production to conversicn plants.

Requirements for Feasible Marketing Systems

What are some requirements for an economically feasible biomass marketing

system?

!

AN

)

~—

(Not listed in order of importance.)

Willinaness: -- Willingness must exist on the part of farmers and
ranchers to produce and sell biomass to converters and for converter§
t“-estab1ish and operate bidmass conversion plants. The need for
generating fuel and chemicals from biomass is not yet urgeﬁt]y felt
by farmers and ranchersi A substantial Educational program is needed

to develop this awarensess.

Adequate Income: -- Net economic benefits to producers must be

sufficient to prompt his participation in'the system. The basic
question is -- how much of the crop residues will farmers plow under
and how much of it are they willing to market as biomass? The critical
issue is the impact of biomass removal from the farm upon future land
productivity. Biomass is not a free good when measured in terms of

future production potential of the farm. -

*Economist-Marketing and Policy, Texas Agricultural Extension Service, Texas
A & M University, College Station, Texas. This paper was presented March 2,
1977, in Kansas City, Missouri, at the Conference on the Production of Biomass
from Grains, Crop Residues, Forages and Grasses for Conversion to Fuels and

Chemicals.
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Adequate Volume: -- Volume sufficient must exist to operate at an
acceptable point on the average cost curve for production, assembling,
conversion, and marketing. Once the projected and break-even costs
are known, then the alternative is to.
(a) ‘Fix the plant size and vary the geographic area for
biomass production or,

(b) Fix Lhe geoygraphic area and vary the plant size,

The relative importance ol economies of scale -vs- hauling costs will

determine the limits of geographi¢ area.

Accurate Commodity Description: -- If we assume thal conversion plants

will obtain biomass via contracts, then an accurate basis for describing
what is to be delivered by the producer and received by the plant must
be developed. This description should also relate to the value of the
biomass. Thus, a grading system reflecling use value or BTU potential

of various types of biomass must also be established.

Contract Performance Guarantees: -- A contractual arrangement must be

developed that accommodates the production cycle on farms. This means
that a pricing and marketing system be developed that permits producers
and converters to live up to the terms of the contract. For example,
if farmers insist upon removal of biomass before a deadline date this
means that the system must be developed that allows the accumulation

of a year's volume in a few weeks. The contract must include penalty

clauses to assure compliance.
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6)

7)

Mutuality or Equity of Treatment of Various Parties to the Contract: --

A system must be devised that allows the producer to participate in
the ultimate market pricing of the products generated. Will the
contracts be written by producers and converters and will they reflect
mutuality in contract terms? A contract developed by the converter
and offered to the broducer on a take-it-or-leave-it basis may prove
unworkable. Contract térms must relate benefits and costs to each

party.

Commitment: -- Pre-season cohmitment of biomass by the producer to

the converter js necessary for a substantial portion of the biomass
volume.  Any system of converting biomass to fuels and chemicals

which depends exclusively upon the spot or open market for biomass

will probably prove unworkable. This means that producers will enter
into contractual arrangements with converters prior to the time the
biomass becomes available. Commitment, therefore, provides predictable

supplies and reduces the investment risk in the converting pliant.

Workable Contract Base: -- Acreage rather than tonnage will probably

be the basis for contracting biomass. Acreage contracts mean that

the producer will transfer to the converter all the biomass produced
on a defined acreage. Tonnage contracts would lead toward limited
commitment of production‘to the converter because of the bulk, limited
market for biomass between producers, and the risk the producer takes

in being able to perform on the contract.
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9) Integration: -- Integration of two or more stages in the production-
processing-marketing complex would be encouraged if biomass can be
economically converted into fuel and chemicals. The most economic
potential conversion for biomass probably exists-at cotton gins and
rice mills. Saw mills and sugar cane mills are currently directly
conygrting their by-products into energy. Roasting of peanuts may be
feasibly dune dab the shelling plant to economically utilize peanul
hulls. By the way, peéanut and rice hulls arercurrent1y being shipped
from Texas processing plants to West Texas feedlots as cattle feed.
This is one form of energy conversion somewhat. different than used
for roasting.

If the emphasis in the industry is on integration then the emphasis
in technology will probably be to develop 1ndivi§ua1 farm fuel
converters. Dr. Richard Wainerdi, Associate Vice President for
Academic Affaifs - Texas A & M University, thinks that farmers will
be able to buy a farm fuel converter within the next ten to twelve
years. There are three advantages of a farm converter over a community
plant system.
(a) No tax on the fuel generated by the farmer and used in his
own tractors and farm equipment.
(b) Avoid the biomass transportation and storage costs.
(c) The resulting fuel is less apt to be allocated away from the
producer,
Whether it will be farm units or commodity units depends on relative
economies of scale.
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10) Diversification: -- Cluster various types of industries or multi-product

businesses around available biomass. For example, there are seven times
more BTU's in cotton gin trash than energy used by the gin. This
suggests an opportunity for another industry to locate near the cotton

gin to utilize energy from available gin trash.

Organizational Alternatives

While we have three types of businesses, 1 anticipate that few large
scale community-based biomass conversion plants will be owned by individuals
or partnerships. Thus, corporations are most apt to own large scale community

based plants, and they can be one of two kinds -- ordinary or cooperative.

In an ordinary corporation those who invest hope for a profit but most
likely will not be the providers of biomass nor the users of the end products.
A cooperative is owned by the people who do business there. A cooperative
conversion plant would be owned by farmers and ranchers who provide the biomass
and utilize part or all of the resulting fuel or chemicals.

Regardless of corporate type, joint venture arrangements are also feasible.
For example, a group of producers producing biomass may belong to a cooperative
which enters into a joint venture arrangement with a marketing cooperative or
regular corporate marketing firm to market the generated products. In a joint

venture the conversion plant could be jointly owned.

Marketing Arrangements

Schematically, the biomass-conversion-marketing complex looks like this.

]
Biomass Transfer Conversion TJransfer of ~\J§arketeer

Producer of Biomass Plant Fuel, etc. /l

125



One marketing alternative is the open market. The characteristics of an
open market to function well are.

(a) There are many producers willing to sell on an
uncommitted basis,

(b) There are many buyers,

(c) Both buyers and sellers are informed of market
conditions and,

(d) Each is free to act.

Because of bfomass bulk and hauling costs we don't anticipate that producers
will have access to many buyers.‘ Most producers are apt to have economical
access to only one buyer. Because of this, and because of the high cost of
conversion plants, we foresee 2ither a contract or ownership integrated marketing .
system for the majority of biomass.

Thus, some spot or open market acquisition of biomass by plants may occur,
especially for crop residues, but establishing a conversion plant on this type

of acquisition is highly unlikely.

Cooperative: -- In a cooperative all the stages would be integrated through
ownership, with a marketing agreement between the producer and the conversion
plant. The cooperative would also utilize time and quality pools. This would
result in all producer-members being paid the same price for similar kind and
quality of delivered biomass during any given pool period. In a cooperative
there would not be an explicit price at the stage of transferring biomass from
farm to conversion plant. Rather, members would be paid a derived price -- the
gross receipt from the sale of generated products, minus the cost of owning and

operating the conversion plant, transportation, marketing, etc. While cooperative
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members will be paid an advance at time of biomass de]ivéry, full settlement
could lag by months or even one year. The cooperative would directly market
the finished product on a spot or forward (supply) contract basis.

Several large petroleum cooperatives now exist that have the marketing
capacity for fuel generated from biomass conversion. They are especially

acept in the agricultural market.

Reqular Corporation: -- In a regular corporation the transfer of biomass

to the conversion plant would be accomplished through contracts. The conversion
plant would vertically coordinate the biomass into the system through forward
contracts. There would be written agreements between farmers and ranchers and
a convorsion plant regarding the delivery and acceptance of biomass at some
future date. |
Three kinds of contracts are available based on the pricing policy used:
(a) Fixed price
(b) Formula
(c) Participation
In fixed price contracts the price of biomass is established at the time
the producer and plant enters into the contract. The price is known to producers
before delivery of biomass, thus price risk is shifted to the plant. The title
to the biomass is transferred from producer to plant at time of delivery and
subsequent price movement of generated products is not reflected to biomass
producers.
In formula pricing the biomass price is set after the contract is signed.
While the exact price is not agreed upon at the time of signing, the basis for

deriving the price is. The formula may reflect one or more market factors in
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the spot market, futures market, other contract markets, cost.of production or
plant food value of biomass if it remains on the farm. Formula pricing has
been used in milk, eggs, grain, livestock and cotton contracting. While
fixed contracts have explicit prices, formula contracts have lag prices.

The third type of contract for transferring biomass from producer to plant

is participation. 1In a participation contract the producer participates in

the selling price of the finished product. Participation and formula contracts
differ in that the producer's price in a participation contract is based on

the market price of the product generated from the biomas§ he delivered.
Another way to say this, is that it is based on the price of the conversion
plant output. Producer prices in formula contracts are less directly related
to product price. Participation is lag and implicit pricing for biomass.
Although suppliers of biomass with participation contracts may not be structured
into pools as with coopcrative marketing agreements, their price is similar to |
a pool price. In participation contracts there is usually an agreement between
the producer and the plant on the costs for processing, transportation, selling,
etc., that is deducted from the selling price of the finished product in order
to arrive at the producer's price.

Joint ventures are business arrangements between two or more particifants
organized to conduct marketing operations or enterprise together. Firm
identities in a joint venture remain separate. In the biomass industry, a fuel
or chemical marketing firm could joint venture with an organized group of
producers in the ownership of an area conversion plant. The participants would
share -- on some agreed basis -- expenses, profits, losses, risk, and management

control over the conduct of the joint venture.
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If the biomass conversion technology leads to area centered plants, the
most likely critical problems to be encountered are:
(a) Unwillingness of producers to sell crop residues or to
produce crops specifically for fuel and chemical conversion,
(b) Contracts. that favor oneAparty or the other,
(c) Lack of predictable contract performance, and
(d) The economical feasibility of the business to either producers
or converters or both.

Converting plants will not be sqccessfu] if they offer contracts to
farmers on a take-it-or-leave-it basis. When it is all said and done the
most feasible marketing system may well center on the shortage and high cost
of fuel to farmers. Then producers would provide biomass in order to obtain

fuel and chemicals to continue farming.
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PANEL DISCUSSION OF FIRST DAY'S PROCEEDINGS

CHAIRMAN: Mr. Morton Sosland, Editor and Publisher, Milling and Baking News

PANEL MEMBERS: Mr. David Stroud, President
National Livestock and Meat Board

Mr. Willard C. Theis, President
Senon-Shields-Theis Grain Company

Dr. Ruesall Lorenz, Dircctor
Northern Great Plains Research Center, USDA

Dir. Davls Ward, Head 7 Rescarch and Development
Office of the Secretary of Agriculture

Dr. Buell Beadle
Former Director of Research and Development at
Farmland Industries

MR. SOSLAND: My college roommate's kid brother was named Jimmy Schlesinger
and if I went to Jimmy and wore a badge that said "Think biomass'" I'm sure
he would ask me what I was taiking about and I'm not sure that I'm enough
of an expert to know.

Let me say right off that the economic implications, which I
would like to touch on very briefly, of what you all have been considering
today are so staggering to me I feel very much like the Greek god, Prometheus,
who brought fire to the earth. Carrying some of these suggestions we have
heard today to their full extremes it seems to me would have a more monu-
mental impact for the future of our economy and for the future of the world's
economy than any of us can possibly imagine. I believe that the considera-
tion of this whole issue of reducing our grain export availability in order
to create biomass would create grave consequences. If anyone in Japan, a
nation whom we have encouraged to build their whole économy on the thought
that we would supply them with food, even thought we were seriously con-
sidering reducing exports, then I think World War III would start very
quickly. At least if I were the Japanese government I would be making
plans to begin it right now. Even a 25% reduction in exports would have
profound effects on other countries. There is no way the U.S, can reduce
exports by 25% without deciding who in the world is going to eat and who
in the world is not going to eat. In fact, if we were to reduce exports
by 25%, the demand for crops would increase so much that we would not be
able to continue export reduction, because I think people will pay a higher
price for food than they will pay for energy.
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A great deal of the world has existed with a minimum suﬁply of
energy. It's the developed lands where people have not really had to make
that choice between food and fuel. But if a biomass project forces upon
us the choice, between food and fuel, there is no question in my mind that
the decision would definitely be in favor of an adequate food éupply. I
don't think biomass at $40 a ton will ever compete with agricultural food
uses of crops. At least I cannot conceive of that happening.

The second point I would want to make is this, injecting into the
agricultural economy the possibility that a biomass program would somehow
multiply the value of crop production and the value of cropland is a concept
that I think needs to be considered. Carried to some extreme we would have
a repeat of the period we had in '72, '73 aud '74 when the thought was not
too far from some people's minds of plowing up hcusing subdivisions to plant
soybeans.

The adjustment that would be required in federal price support
rrograws in response to a large federal investment in the biomass project
is zlso something that has to be considered. Congress is about to go through
a terrible procedure in deciding what kind of price supports for crops that
we should have. Secretary of Agriculture ge¢vzland, has now proposed that we
enter into some kind of cartel arrangement on wheat pricing. Such an arrange=-
ment won't work, but that is an alternative. Believe me, politicians would
seize upon biomass an as alternative if the scientists presented it to them
as 2 possible alternative.

It seems to me, one who believes in trade, that the alternative we
have not thought of in here is a possibility of so increasing the rest of
the world's reliance upon us for foocd that in effect we would encourage other -
countries to devote their lands to the production of biomass or else devote
themselves to the reduction of fuel. We in the United States can raise grain
better than any other country can. I'm not sure we can raise biomass.

I have come to the conslusion that a lot of the parts of the world
where there is heavy rainfall and different kinds of land are probably better
equipped to create a biomass fuel source than we are in this country. The
Midwest raises grain better than anything else and I would hate to see us
fooling with our existing crop production system.

MR, STROUD: Mr. Sosland, I would agree with you. You have touched on the
export market particularly. I think we would see considerable resistance
from the livestock sector to the implementation of a biomass program, par-
ticularly in the early stages of developing the program prior to any levels
of a massive biomass education. This sector of agriculture would view the
production of biomass in terms of its competition with production of pastures
and grazing lands and perhaps even other forages that the livestock sector
requires in order to continue to stay in business.
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In making that statement, though, I am impressed with the fact
that MRI and other people who have worked in the study, have not made willy-
nilly suggestions that are bound to impinge on other people's endeavors.
Advocates of points of view these days are weont to do that sort of thing.

As I listened to the conference speakers, I heard allowances and I heard
warnings and I heard suggestions that biomass production is something that
needs the attention and consideration of all the different agricultural
enterprises. That pleases me very much.

It may surprise some of you to have the chief executive officer
nf the National Livestock and Meat Board say that we are trying to make the
people involved in livestock production unde =3tand that it is not written
in the scriptures that man shall produce "ivestock and make a profit there-
from, always, at all times. Yet my ‘obh is to try and enhance the factors
in the consumer marketplace that wil. assure that the industry is able to
produce livestock at a profit, The meat iadustry is going to have to take
into consideration that there are indeed food shortage problems, calorie
shorta~= problems, protein shortage problems, other vitamin and mineral
shnrtage problems around the world. And I'm not sure that the livestock

and meat industry has fully taken these fa into consideration. I don't
think that every farmer really understand: ..e current situation and I want
every farmer to understand i, We will be i.:iter able to compete with the

p~~blems we are going to hav2 in the marketnlace over the next several years
if rhese facts are understood.

And so I think that forces operati~i against the livestock and
meat industry's hope and dream and perhaps right to grow and sell an animal
procduct for the American and foreign marketplace are going to be pushing
harder and harder for substitution o€ those animal products by vegetable
products. We have already seen some stupid statements coming out of the
Senate Select Committee on Nutrition and Human Needs in the last several
weeks. The statements are based on stupid analyses of situations and the
staff group of the Senate Select Committee has absorbed these analyses and
put out as gospel what it thought it read in the scriptures.

MR. SOSLAND; David, can I say for the milling and baking part of the industry,
we don't agree?

MR. STROUD: Well, but perhaps you do agree, because we are not against a
vegetable diet. A nut-grain-legume diet would provide enough protein for a
human. Also a diet of nine slices of bread and a quarter cup of peanut
butter and 2-1/2 cups of spaghetti and a quarter of a cup of English walnuts
would give you a pretty good protein balance for about 1,650 calories a day.
I1f you wanted to switch over to a fruit and vegetable diet, you could get
about the same amount of protein as that by eating about 13 1b of fruit and
vegetables and you would consume about 6,000 calories. But if you would
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rather just take a 7-oz beefburger and two glasses of skim milk for 540
calories, you would have the same protein balance. This is where some of
these problems are.

) I want to express that I think there are very strong and reasonable
forces working to limit meat consumption in the United States and elsewhere.
If limiting meat consumption gains acceptance, vacuums of information on vege-=
tables will be created which could be filled by information supplied by the
biomass people.

MR. THEIS: Well, I'm kind of a new boy in school. I'm not a scientist, I'm
not an economist, I'm not a researcher. I was late to your meeting. I
walked in just as I was being legislated out of business. You are going to
cut off the exports. I can no longer sell feed grains to the feeders, to
the feed lots. Now I'm excited. I have got to find a way to exist.

Let me speak just a minute to the subject matter that the professor
from A & M was talking to you all about, marketing. I guess that would by
my long suit here. You are going to have to develop this biomass, you are
going to have to develop the tonnage, and also you are going to have to
develop the end use of it. And we are going to be the handling parties, I
guess, or the marketing arm.

There are three ways that you can get into biomass. The first
way was mentioned by the professor from A & M. This way would be to sell
biomass on what we call an identity to preserve basis which is a contractual
basis between the producer of biomass and the user of biomass. We, the
marketing industry, would handle it through our system of grain elevators,
warehouses, and such, but we would handle it as "identity to preserve."

The second way that you could handle the marketing of biomass
would be on a contractural basis such as the way that popcorn is contracted
today. The popcorn processors come to the indus try and ask us to go out to-
the producers in our area and make up production contracts. We make up these
contracts on an acreage basis, not on a tonnage basis, and then we handle it
through from there. We use a margin of profit for our area of service, which
is handling, storage and distribution.

There is a third way you can handle the marketing of biomass. Let's
assume that you have done a fine job and we have got biomass coming out of
our ears and we have got to have a way to handle it on a competitive market-
ing basis. There are a lot of demands involved in this marketing. Not only
have you got biomass all built up and growing in one place, but you have got
a guy just begging for the biomass in another place. So our marketing system
comes into function hopefully as a free market and we then have a price
mechanism that gets into operation and levels out the supply and demand of
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the biomass. There are many factors that must be taken into consideration
in this type of marketing. You just can't develop it overnight.

In my estimation, you are going to have to bring about some way
of conducting this business within the laws of the land. You are going to
have to develop and apply trade rules. You can't simply start trading. You
are going to have to have trade rules, you are going to have to have an under-
standing, you are going to have to have an arbitration system, you are going
to have to have some means of an appeal system to the arbitration, you are
going to have to promote, protect and improve a nationwidc system of grading
and evaluation of biomass. But particularly you are gning to have to pre-
vent undue government intervention into the free enterprise system, partic-
ularly as might apply to the biomacu market 3ystem.

DR. LORENZ: I'm in the agricultural production research profession. For
those of you who don't know where the Northern Great Plains Research Center
is, It is at Mandan, North Dakota. I have been there for all of my research
career working on the forage and range research project. The first 20 years
I was part of a team that was based in the 17 western states known as the
arid pasture and range research unit. With the reorganization in 1972, they
changed some boundaries and suddenly I went from being the most humid of the
arid to the most arid of the humid.

There are somc areas of the country where levels of production may
be high enough to justify biomass production for energy conversion with tech-
nology that we now have. As time goes by, technology may improve in pro-
duction, in conversion, in transportation, and in everything else involved
to expand thesc areas. But based un my experience in the western part of
the United States, I believe that for biomass production the old cow out
there roaming around gathering up the biomass is a darned efficient harvester.
Times may change and circumstances may change, but at the present time I don't
believe there are many possibilities for biomass conversions in much of the
west. 'There may be some unique situations. I don't want to put a paint
brush application to this, but there may be some unique situations where
it can be worked out with present technology.

I think one of the things that we have to keep in mind is what
trade-offs might be necessary in this whole energy business. It looks to
me as though we have got food production and energy production coming head-
on.

Being in production research for the last 25, 26 years, we went
through a cycle where production research was a mighty bad work and some of
our budgets from that time showed it, too. The thing that has to be remembered
in agricultural research is that you don't come up with answers overnight.
And one of the main stems of our agricultural production has been some of the

134




long-term research carried on by state universities, by the agricultural
research service of USDA, of which I am a part, and other groups who have
carried on long-term research.

On a short-term basis you can solve some problems rather quickly.
But when you are working with biological systems out in their natural realm,
like we are with crop plants, forage and range material, and anything else
grown, it takes time. It takes time to get answers that are reliable.

And this leads to another thought that I have had in listening
to the deliberations today. We can make a lot of predictions based on past
history of production, but we have to remember that those are averages,

Athey are based on probabilities. We can extrapolate those to another period

of years in the future, but on a ycar-to-year basis we have to live with

the production for a current year. This is what has the hay supply, the
straw supply and the spring grazing supply in much of the northern plains,
as well as a lot of the rest of the country, in rather dire straits for this
coming spring. Right now in North and South Dakota you would be hard put

to buy a ton of straw. Nobody is parting with it if they have any.

So these are some of the things from the production standpoint that
we have to think about. T believe that the program as put: together for this
session has covered some very basic and some very important aspects of the
problem. I think that from this point on we need to all think carefully
about what the alternatives are, what some of the upcoming problems are going
to be. I think society in general is becoming more aware of what we may
be facing in the way of food and energy shortages in the years to come.

The energy situation is one of the areas where people who under-
stand the situation need to inform the public. I don't imagine there are
any of you that live in neighborhoods that are any different than mine and
that is that any time of the day or night you might hear a 450 cubic engine
wind up a pair of foot-wide tires and leave a cloud over two black strips.
You have to drive several hundred miles at 55 miles an hour to save enough
fuel to let him do that once. We haven't got people convinced that there's
a problem.

Now, when you come to the alternatives and you start swapping
food for energy, it's kind of like coming at the public with a 2 x 4 between
the eyes. And that might make some sense. So I think sessions like this
where we discuss biomass as an energy alternative can probably be of some
benefit in the end.

DR. WARD: I have some 3D comments. That does not mean they will be easy
to perceive. That means they are disparate, disruptive, and disjointed. I
have made some notes as we went and that's the order in which you are going
to get them.
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Those that manage the soil and water and genetic resources across
our countryside, call it agriculture and forestry, have in the past incor-
porated soybeans, sorghum, sunflowers into their practices and systems.

So on the basis of our past history, I think we can assume that some adjust-
ments can be and will be made in current agricultural practices to enable

us to derive energy from biomass for use not only in agriculture but outside
of it.

If we are to change current agricultural practices. to enable us
to produce biomass we first need to define objectives. What is the biomass
for? 1Is it for use within the food fiber and forest product systems or for
use by industry, homes, and so on? This question was alluded to in today's
talks. I think it's a very pignificant quesLiuu.

You will recall Dr. Moss's comment as he was explaining some of
the results of his research. He had a problem in carrying out some of his
activities. ALt ane pnint in his raesoarech he ecouldn't work vu Lhe land die
to rain. That situation reflects the rlimatic, biclogical and cconomic uu=
certainties that we deal with in any agricultural endeavor and these unpre-
dictable factors are going to affect biomass production just as they do any
other kind of commodity production.

I wondered about some of the references in the speeches to energy
requirements as related to nutrient needs. Do plants that yield more biomass
relative to others require more nitrogen and phosphorus? And, if so, what's
the balance? 1f plants that yield more biomass do need more agri-chemical
then they would require muvre petroleum from which to derive the nitrogen or
other chemicals.

Changing the vegetation and management of marginal land may also
raise some environmental quality questions. I want to emphasize that we live
in a one-vote, largely urban society and that matters of impact on wildlife,
water cycle, and so on, are significant issues today. These impact matters
would be a part of the mix in the decision-making process of biomass pro-
duction on a national scale.

Modern scientific literature includes lots of references to re-
combinant DNA research, i.e., the transfer from one organism to another of
highly selected pieces of genetic material that introduce into one of the
organisms a trait that's desired. What are the implications of this over
the long pull for something such as biomass? Its implications for food and
wood products are in the same vein, I think.

There are things that we foresee on the horizon that will signifi-

cantly influence our capacity to produce food and perhaps our capacity to
produce biomass.

136



We have heard reference to the ramifications for foreign policy,
trade, defense, and humanitarian aspects. We quickly talk about the role
of food sales and maintaining a balance of payments that allows us to pur-
chase foreign petroleum. Yesterday, I was among a group in the State Depart-
ment talking about an international scientific conference for 1979 about
science and technology for development. And there was constant reference to
the group of 77. The group of 77 are the 77 underdeveloped nations that have
their minds set on doing some things about world economy. Our approach to
some of these issues, such as whether or not we sell grain for use for human
food, will be markedly influenced by these kinds of considerations. Those
small countries are important to us in a political sense. They are places
from which we get important minerals and other things that we require for
our society.

There is a question of competition for water. We have already
heard about the water table. There are urban and industrial demands on
water. There are very large questions about water requirements for energy
production and processing. How does this fit this whole biomass question?
It's clearly a significant part of the picture.

I guess I have said that agriculture is both a highly intensive
energy user as well as a potential energy producer. Now, the forest products
industries are about 467% energy self-sufficient and research is moving toward
significantly incrcacing that percentage. I have the impression that our
food processing industries are highly dependent right now on natural gas and
that there are serious questions about the continuing supply of that gas.
Now, it's of vital importance to us as consumers that we have these products
processed and it's almost of equal importance to the producer because that's
part of having a market for their product.

So I think we need to raise the que stion, what about the use of
agriculturally derived material by the processing industry in order that the
materials continue to be processed?

I get on the stump a little bit, I suppose, in terms of the nature
of what my business is about, the planning and coordination of agriculture
research. I think today has emphasized what we should all have known, that
there is a wealth of know-how in agriculture science regarding processing,
marketing and recycling technology of things produced from the land.

There is a new element in the research administrator's priorities
of things to consider and that is the matter of using soil, water and par-
ticularly genetic resources as well as organic residues to yield energy.

Now, we have had a long history of developing the concept within the agri-
cultural research community. There was and still is a basic underlying theme
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to provide ample supplies of nutritious food, natural fiber and wood products
of high quality at reasonable costs to consumers and with appropriate returns
to producers, processors and marketers.

Now, what I think we hear today is that we may be addihg a new
dimension to that basic charge and responsibility of agriculture science
and that's to add the word "energy.'" Now, included in this has been the
conservation of natural resources needed to meet the objective just cited.
I don't think we can produce biomass or any other commodity at the price of
these natural resources. We don't want to deplete our resources for biomass
any more than we do for food. I also think we should consider recreation,
wildlife habitat and wilderness preservation, Remember this large, urbanized
society attaches great significance to these things. They are significant
parte of whal Lhe research adminislrator has ro rake into account in figuring
his objectives and priorities.

And lastly I would make reference to rural communities and people
development. There hasn't been a whole lot said about that today. We
need to consider the effects of biomass production on economic systems in
the rural communities and the people in these communities. These economic
sfituations need to be taken into account if we take any steps that will
significantly modify our patterns of managing our agriculture.

I haven't heard any advocates at this conference, but there are
those who suggest a less energy-intensive agriculture. If we put this iiito
our mix, we have the result that if we are not using machines which are
major consumers of our energy, then we must be considering using human labor
and draft animals. And where will they come from? And then if we really
throw draft animals back into the mix in any significant way, what part
of our acreage are we going to need for animal feed?

I also wanted to comment on contractual arrangements of bjiomass
production. It looks to me like there are implications for the freedom of
individual producers in decision-making. I believe there are each time we
take those steps. There might be built into that some trends toward corporate
farming, which I will tell you from firsthand experience, the Congress of
the United States as a whole finds horrendous. Corporate farming is just
a terrible thing to deal with. 1It's the small farmer with which we are
principally concerned.

It seems to me that a question about the insurability of producers
will come up if biomass becomes an agricultural commodity. There are impli-
cations for farm legislation, I believe. We now talk about floor prices for
some of our commodities and the underlying concept, I think, is to insure
that our farmers don't get in the position where they don't have an adequate
income. So are we going to add biomass as a component for that legislation?
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DR. BEADLE: My experience is research from a business point of view. Over
the years I have developed a viewpoint that any suggested project will fail
if it isn't economic and it was from this viewpoint that I listened to the
various papers. They seemed to be research, but if they are not economic
they won't succeed. :

We do have a problem, however, in the fact that 80%. of our petroleum
reserves will be used up in less than 50 years. We do have a problem in the
fact that half of our natural gas will be gone in about 8.years, as nearly
as we can predict. And we do have the problem that the farmer is the only
one using solar energy and he uses only a very little bit of that. And
when you look at these energy production materials or biomass, they are an
indurect use of solar energy. We have a problem of natural gas for fertilizer
manufacture.

And so in looking at this, it seems to me that we need to consider
all of these things in terms of economics, because if they aren't economic,
they won't succeed. So having said that I will go on.

Agriculture produces an annually renewable supply of material.

- We have marginal lands, we have undeveloped lands, we have forest lands.
I'm told that there are trees that will mature on a 6-year basis. I can
visualize, then, that there might be 5 or 10 acres here, there .and every-
where where certain types of trees would be used for cellulose production,
maybe even for wood for that farmer. 1Instead of having the gas come to him
through a pipe, he would raise his own wood.

I can see, and I was particularly interested in the comments
about the cattails this morning, because it always looked to me as if those
darned things grow where nothing else will. So I think we should look at
things that will use solar energy indirectly where our normal crops don't
fit. That was what interested me about Dr. Moss's discussion of the cat-
tails.

Weeds grow everywhere and I wonder if people have looked at those
as a cash crop, their feed value and so on. And I wonder how many weeds we
may be passing up as cash crop producers, not at the expense of feed, not
at the expense of wheat, but in places where production is marginal. And
that was the one thing that I didn't hear about today.

Now, we need a lot of research to investigate this major problem
regarding energy and how biomass production could aid in the solution. One
of the things that we need to do is to convince the American public that
there is an energy problem. Because the energy problem is here and will
stay with us. I have seen and you have seen a lot of sawdust lost, a lot
of wood clippings lost or burned out in the open, and these were grown on
land.
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And so in short, then, I think that we need to consider the use
of marginal lands or fallow lands as a possible solution for the energy
problem because I don't believe that any program of substituting weeds or
trees or what-have-you in a wheat field is going to get very much considera-
tion by the farmer. I don't believe that if you suggest to him not growing
his corn on a certain acreage and using it for growing biomass that he will
act on your suggestion. You will have to do a lot of economic demonstration
before these landholders will agree to devote some land to biomass production.

But in the background is this energy problem. I was reminded that
20 or 25 years ago a medical doctor brought me a brown paper bag and he wanted
me to find out what the fat content was of the material in it. I looked in
the bag and it was material I had never seen before and I said, '"What is it?"
He said, '"Well, it is something called safflower. I think it's going to be
a major crop one of these days and I have been growing a little of it and
I would like to know hot it analyzes chemically.' Well, you all know what
has happened to safflower since then.

So in that context, I'm glad to see some attention being given to
the energy problem and how agriculture may aid in its solution.

MR. STROUD: Dr. Beadle, I agree with you that somebody may decide that we
are going to start growing weeds and roots in the middle of wheatfields and
cornfields. That bothers me a bit.

In his speech, Bill Black, set up a pretty good series of models
or alternatives for an economic enterprise. And theh Mr. Hudson told us
what The Anderson's have done with corn cobs and I simply don't see as much
of a problem in marketing as I thought I heard you, Mr. Theis, setting up.
I think the corn cob process sounds like a pretty good entrepreneurial start-
up to me. Many of the problems that anybody else would face were overcome.
Do you see more problems then?

MR. THEIS: No, we don't see any problems if it is developed, regulated and
promulgated on a reasonable basis of where it can be handled, by one of the
three marketing systems, by "identity to preserve,'" contract, or open free
market. There is no problem in handling it. Go ahead and develop it. Get
the people to use it. We will be the middle man. And I don't mean that
lightly. I mean that we will be in there to process it. It's going to have
to be pelletized, it's going to have to be handled, it's going to have to be
stored, it's going to have to be distributed. There are many, many facets
in the areas that we work in that would fall right in place with this as a
known commodity.

MR. STROUD: Then I did misunderstand what you said, because I agree com-
pletely with that.
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MR. BENSON: I would like to open the discussion up to questions from the
audience. '

QUESTION: I would like to run back over the kenaf yield data a little bit.
As I understand, we are taking somewhere between 2 and 15 tons per acre dry
weight, 1s that right?

DR, ALLEN: Yes, I would like to answer that one. Referring to USDA Bulletin
Number 13, that is where all our data came from.

QUESTION: Okay. I have a friend who had the interesting experience of work-
ing on a kenaf farm in Louisiana. It was a demonstration for a major paper
company.. They got in the upper range of the yield the first year, that is,
they were over 10 tons. The second year the yield went down and by the third
year the nematodes had eaten almost all of the kenaf.

I would like to. address this question to Dwight Miller. You people
have been working on trying to get around the nematode problem. Could you
perhaps say something about that?

MR. MILLER: First of all, the area that was shown where kenaf would grow

or might grow was much too broad. It will grow there but in no way will
kenaf compete with, say, corn and soybeans in the midwest unless it's on
strip mined land where you can't grow corn anyway. Therefore, the region
where you said kenaf would grow I'm sure is in error because it would not

be commercially feasible to do so. There is no way you could think of kenaf
being grown there.

In reply to the question, the Department of Agriculture at its
station in Savannah, Georgia, has already developed a strain of kenaf-
roselle mixtures which is nematode resistant and apparently so nematode re-
sistant that they tell us that we should not be concerned about a nematode
problem with kenaf in the future. 1In other words, kenaf can be grown com-
merically and can be a commercial crop where it is economical to do so.

I would also like to mention quayule, because I was surprised to fine
that Arizona, where some people are considering planting quayule in the
United States, was not on your map. In fact, there is under consideration

something like a 10,000-acre area there right now.

DR. ALIEN: I'm sorry, Mr. Miller, I didn't have that information available.
I am certainly glad to include it.

The Great Bend area of Texas and California was where the majority

of the prime area for guayule was located at that .time. Now, there wasn't
any grown in Arizona in those early war and postwar planting dates and I
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based most of my information on the areas that they had selected at that time.
And if there is new information that has come up about it, I'm sorry I didn't
include it.

MR. MILLER: But to go back to kenaf, I would just like to close by saying
that as far as I know Dr. Lipinsky was correct, that the kenaf that had
been grown in the United States had been taken over and ruined by nematodes.
But at the present time the agronomists at the Savannah station insist that
they have developed a kenaf strain that will not have a nematode problem.

QUESTION: I address this question to Dr. Ward. I'm reacting to the sugges-
tion Mr. Sosland made that we become the breadbasket of the world, let every-
body rely on us for their tood and we in turn can then rely on them for energy.
Is this something that you think would be politically stable?

DR. WARD: My view is that 1t would not be politically stable.

MR. STROUD: Mr. Butz felt very strongly that this type of balance of trade
was é'possibility and I don't think he got a lot of support for that position
in the department. I supported it because I didn't know much about it and

I like Earl Butz.

DR. WARD: The other side of the coin is that in a significant measure that
is a fact already.

MR. STROUD: That we are, in fact, trading a whale of a lot of food for
energy right now?

DR. WARD: Yes, but it's not an advocated policy.

MR. THEIS: No, but that is the greater percent of our balance of payments,
our export agreements with the offset of the cost of petroleum. That's a
fact today.

MR. STROUD: I hear the question to be, '"Could it be policy or should it not
be policy to use food sales abroad as a clout, as a club, as a political
policy of the United States.'" Is that the question you are asking or the
statement you are making? Because it is not now. As Dr. Ward said, it's
kind of unspoken.

QUESTION: What I hear is a contradiction which says on the one hand Japan
will never stand still for a minor adjustment in our exports and .on the
other hand a recommendation that we put eVery nation in the world at our
mercy so they will all be like Japan, and I'm saying to myself if they have
got any sense they are not about to stand still for that.

142



DR. WARD: My comment is that that kind of thing is not politically sound,
nor is it a stated policy in this country nor ever will be. There are some
practical sides of the thing, though, that we will use to our advantage,

I think. One such thing is our capacity to produce things that other people
need in terms of getting things back that we need. And I don't know why
everyone else isn't doing that same thing. I believe they are.

QUESTION: I don't thing we should forget that it isn't just energy and

food that we are talking about when we talk of the 77 third country or third
world countries. Before long our own mineral resources, some of which are
already depleted, are going to force us, even if we produce all of our energy,
to deal with these other countries and policitally we will have to deal on
that basis.

DR. WARD: I think.our moral attitudes, too, require us to do that.
MR. STROUD: Morality and uranium, that will do it right there.

I would like, with your permission, Mr. Chairman, to make a wrap-up
statement, not for the panel or the day, but for a very important point of
view for the livestock industry of the United States, which at the moment is
agriculture's most important producer.

Dr. Lorenz, I heard you talking about the cow as a ruminant con-
verter and its efficiency, and it's absolutely unquestioned that with an
extraordinarily low labor input and almost no energy input the cow and her
offspring can turn photosynthesis into protein, into iron, into zinec, into
selenium and into B-12 and all the other vitamins and minerals and good
things that beef and the other meats have. But there is such a push, and
at the moment it's a lot of talk, but I see policies being made in this
country and in others to move into a more vegetable-based diet. I think
that the excitement about biomass could push that a little further. To re-
duce the nutrients of animal origin that are consumed in the U.S. in par-
ticular to similar nutrients of vegetable origin would require about two
times the input from vegetables that we get from meat and would require
a substantial portion of the grain crop. There's no doubt about that.

But the animal protein has twice the value of plant protein. Of
course, it's better protein to begin with. And to provide a nutritionally
adequate diet just from vegetables would be difficult to achieve on an ed~
ucational basis alone; it would be impossible. I think one of our panellsts
touched on that, too, to educate the American people.

But we simply cannot forget, either, the pig. The nonruminant pig

in the face of this challenge is going to be having a problem, I think, if
we make this move. We will kill somewhere around 75 million pigs, I suppose,
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in some 365-day period this year. That's going to be not simply all of the
meat that comes from it and all the hides and all the hooves and all the
gelatin and all the hog bristles, but it's going to be 75 million pituitary
glands and it's going to be 75 million phials or however many phials of
heparin you get out of that and it's going to mean lives of a whale of a
lot of diabetics saved in the United States .just from the cattle and hog
slaughter. And these things are constantly set aside or not observed or
forgotten or, worse, irresponsibly cast aside when many, many people start
discussing the American diet and try to make me feel guilty about promoting
it and try to make you feel guilty about eating it. I think there are some
more things that have to be discussed,

DR. WARD: I quit speaking earlier because I decided I had used too much
time. But my straight-from=the=shouldcr comment-is LhialL ihe relative aem-
phasis that I heard today on marginal lands reflected in part to me a sense
of difficulties in approaching nonmarginal lands because of the political
implications of that. And so the marginal lands to me got relatively an
undue empahsis and I regret that.

What all this also indicates indirectly that somehow or other ani-
mal aspects of food production may be lower on the totem polé in terms of
priorities than the possibilities of biomass production. I don't know that
I want to get in the position of subscribing to everything Mr. Stroud says,
‘but there's food for thought in that idea.
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CORN PRODUCTION PRACTICES
Dr. T. A. McClure
Battelle Columbus Laboratories

I would 1like to talk about the agricultural production and cost as-
pects of corn as a potential biomass crop. My presentation will be a very
brief summary of the section of Batelle's biomass report entitled "A Systems
Study from Sugar Crops and Corn."

The major topics of discussion include (1) an overview of U.S.
corn production, (2) presentation of agricultural aspects of various alter-
natives of using corn as an energy feedstock, and (3) a rough assessment
of the energy balance of theoretical energy output-input .ratios associated
with U.S corn production.

Corn for all purposes was harvested on an annual average of 79
million acres between 1974 and 1976. Eighty-six percent of this land was
used to prcduce grain and 13% was used to produce silage.

Grain yield between 1974 and 1976 averaged 82 bushels per acre
for the entire United States with an average annual total production of ap-
proximately 5.6 billion bushels. The leading corn grain producing states
include Iowa, Illinois, Indiana, and Nebraska, and together these states
contribute about 60% of all 1.S. corn grain production.

This map in Figure 1 indicates the location of corn grain pro-
duction in 1969. Note that the area harvested in 1969 was only about 53
million acres compared with over 71 million acres harvested this past year
in 1976. However, there has been relatively little change in the location
of corn grain productibn insofar as I 'can tell during the past 7 years, so
I really do not think the production pattern indicated on this map would be
changed to any significant degree.

The average U.S. corn silage yield was 10.8 tons per acre, and
this on a fresh weight basis between 1974 and 1976. This was not dry weight.
Production of silage is more spread out than corn grain and only 367% of the
total production of corn silage was accounted by four leading states of
Wisconsin, Iowa, Minnesota and New York. Total annual production of silage
ranged from 110 to 116 million tons from 1974 to 1976. And again I want
to emphasize that these yields of production are for silage as it goes into
the silo, which is at a moisture content of about 65%.
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There are four other states that do not contribute a large volume
of either grain or silage. However, they do obtain higher than average
yields. These states are California, Washington, Texas and Colorado. The
average yield for these states between 1973 and 1975 was 99.3 bushels per
acre. And it should be noted that these yields are achieved under irrigated
conditions. In some of the midwest cornbelt states, such as Illinois, there
are certain years when they, of course, have gotten average state yilelds
well over 100 bushels per acre.

If you just do a very simple extrapolation of past trends over the
past 25 years and look at some of the corn performance tests in various states,
the average cornbelt yields (principally in Illinois and Iowa) might approach
the neighborhood of 150 to 160 bushels per acre by the year 2000, which would
be approximately an annual average growth rate of about 2.3% per year. Silage
yields might reach 18 tons per acre. However, these projections are based on
the assumption that the good crop weather that the U.S. has enjoyed over
the past 20 or 30 years will continue. However, I think there are some in-
dications that weather patterns might be changing and that crop growing con-
ditions may not be as favorable as we have been experiencing.

We looked at three alternatives for using corn as an energy or
industrial feedstock. These include first, using silage to produce sub-
stitute natural gas, second, using corn grain to produce ethyl alcohol,
and third, using the crop residues after the grain has been taken off to
produce either substitute natural gas or ammonia. We might also produce,
I believe, furfural as well.

Th investigation of these three alternatives required that we
determine (1) the estimated cost of producing corn grain silage and resi-
dues in selected regions of the United States, (2) the density of production
in these regions, (3) the costs associated with collecting and delivering
the corn biomass to a processing facility, and (4) the value of corn silage
and corn residues as a feedstock when weighed against its value as a feed
ingredient.

An important point I want to emphasize is that whether or not the
grain silage or residues is ever used as an energy feedstock depends on the
price that energy producers are willing to pay and that price will certainly
at the very minimum have to equal the price commanded in the conventional
feed and food uses for corn. However, as anyone familiar with agriculture
knows, the commodity market prices can vary tremendously over a short period
of time and, therefore, our analysis is based on estimated production costs
plus some return to management in order to derive the approximate price that:
energy and chemical producers might have to pay for corn biomass as a feed-
stock material.
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Our first alternative was to use corn silage to produce substitute
natural gas. Silage is grown in all mainland states from a low of around
3,000 acres in Nevada up to over a million acres in South Dakota. Average
yields on a fresh weight basis range from about 5 tons per acre in the
Dakotas up to approximately 20 tons per acre in irrigated areas such as
the Pacific coast. The dry matter content of silage varies between 30 and
35%, which means that dry bilomass production per acre runs between 1.7 and
/ tons. Now, under optimum conditions and very high yields a maximum of
perhaps 8 to 10 dry tons of dry corn plant biomass can be produced.

Southern Wisconsin. Indiana, the California San .Joaquin Valley and
the Texas high plans were four regious selected for analysis of corn silage
production costs. These regions exemplify the various conditions under which
corn silage is produced and the likely range of costs. Also all of the regions
are relatively close to supplies of either sewage sludge or manure which would
be necesséry for the fermentation process in manufacturing substitute natural
gas. These regions are not intended to be recommended locations for plants.
They are merely intended to indicate some possible variability that might
occur in silage production costs. Maybe some other reigons should be ex-
amined as well, but for the sake of time and funds we decided to select
these four.

Currently the density of production for the four silage region
ranges from a high of 78 tons per square mile, this is on a dry basis in
Wisconsin, to a low of about 20 tons per square mile in Indiana (see Table
1). Here I want to make the point that our analysis is based on the cur-
rent pattern of agricultural production in which corn is grown an family
farms and not on massive plantations. Although corn could certainly be
grown cn plantations such as sugarcane is, this would require some fun-
damental structural changes in mid-western farming practices where corn
is conventionally rotated with soybeans, alfalfa and some type of small

 grain.

At any rate, assuming the current production densities, the aver-
age hauling radius one-way distance required to supply approximately 500,000
tons of silage on a dry weight basis to a processing plant varies, between
32 and 63 miles (see Table 1). Now, naturally if your processing plant
were to be built using corn silage, production in the area surrounding the
plant might increase substantially if the silage price were sufficiently
high to earn the grower a reasonable profit.

The costs of producing silage in the four regions as shown in
Table 2 varied widely on a per acre basis from about $161 per acre in
southern Wisconsin to '$428 per acre in Texas. These costs are based on
data supplied by the USDA Firm Enterprise Data System of budgets and also
from budgets developed by Texas A&M University for the Texas area. Note
that the difference of costs among the four regions on a per ton produced
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TABLE 1

ESTIMATED DENSITY OF CURRENT CORN SILAGE PRODUCTION, 1973-75 AVERAGES

Dry Basis Hypothetical Average

Productio? Area to Supply Hau]ing(b)

Density, @) 500,000 tons,  Radius,

Region tons/sq. mi. sq. mi. miles

Southern Wisconsin 78.3 6,386 32
Indiana 20.2 24,752 63
California San Joaquin Valley 39.7 12,594 44
Texas Panhandle 21.0 23,809 61

(a) Ash-free from silo, after.adjustment for storage loss.
(b) Average hauling radius = 0.7 R where R = radius of circle.
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TABLE 2

MAJOR COMPONENTS OF ESTIMATED PRODUCTICN COSTS FOR CORN SILAGE
BY SELECTED REGION, 1976

Texas California San
Soithwest Panhandle, Jdoaquin Valley,
Wisconsin Indiana irrigated irrigated
Yield 10 14 24 25
(Tons/Acre, Fresh Weight)
------ $ Per Acre - - - = == = = - -
Preharvest Variable Costs 55 70 138 128
Harvest and Hauling Variable 44 79 149 127
Costs
Machinery Ownership Costs 18 17 35 30
Land Charge 30 42 72 45¢2)
Management Charge 14 20 3 2162)
Total ($/Acre) 161 228 428 351
Total ($/Ton) 16.10 16.30 17.&C 14.05

(a) After credit adjustment for double-cropping.



basis narrows considerably and after adjusting costs downward for a pos-
sible double cropping in California, this region becomes the lowest cost
area at around $14 per ton. Although the costs per acre in California
under a high level of management-irrigated system are quite high, the
yields are also considerably greater than under the nonirrigated conditions.

An important factor in determining the potential value of corn
silage as an energy feedstock is its feed value. Under favorable land and
climatic conditions there 1is no other feed crop that will produce more
digestible energy per acre than corn silage. One ton of fresh silage is
generally said to be worth about one-third its value of the same quantity
of alfalfa hay. On this basis the current feed value of silage based on
hay prices in these regions ranges from about 2.9¢ per 1b in southern
Wisconsin up to a high of about 3.8¢ per 1lb in the San Joaquin Valley (see
Table 3). This provides another basis for the estimated price that would
have to be paid by the chemical producer utilizing silage as a raw mate-
rial feedstock. '

The second alternative for fuels from biomass might be to utilize
corn grain to produce ethyl alcohol. Corn grain is produced in virtually
every state ranging from about 10,000 acres in Montana to over 12 million
acres in Iowa. Average state yields vary from about 33 bushels per acre
in Arizona to over 100 bushels per acre in Illinois. Some growers have
recorded yields exceeding 200 bushesl per acre. Corn grain production is
reported in 56 1b bushels and, therefore, 100 bushels per acre is equiv-
lent to 2.8 tons of grain. The bushels are reported in terms of a 15-1/2%
moisture content so on the dry basis 100 bushel per acre would be equiv-
alent to 2.4 tons per acre.

Four different regions were chosen to exemplify corn grain pro-
duction costs. These regions are shown on the maps in Figure 2. The
Illinois and Iowa regions shown on this map repfesent typical costs in
the Iowa corn belt and the Texas and Nebraska regions represent costs of
yields on irrigated land. These regions are as defined within the USDA's
Firm Enterprise Data System and Crop Budgets, although the Texas data was,
as previously mentioned, developed on budgets developed by Texas A&M Uni-
versity.

The hypothetical average one-way hauling distance based on the
density of production required to supply a million tons per year to an ethyl
alcohol facility ranges from about 12 miles in the east central Illinois
region to about 58 miles in the Texas panhandle (see Table 4). Again
this is based on the current pattern and density of grain production in each
of these regions. These figures assume a 1007% capture rate of all grain
production, which, of course, is unrealistic. I think Mr. Hudson noted
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TABLE 3

ESTIMATED YIELD AND DELIVERED COSTS OF CORN SILAGE,
PER POUND OF ASH-FREE DRY WEIGHT

Estimated Feed (b)

Yield/Acre, Costs/Lb, Vaiue of Silage,

Region 1bs cents cents
Southwest Wisconsin 5,888 2.72 2.91
Indiana 8,244 2.74 ; 2.91
Texas Panhandle 14,131 3.0¢ 3.13
California San Joaquin Va]Tey(a) 14,720 2.39 3.78

(a)
(b)

Assumes double-cropping would be practiced.
Estimate based on average 1976 value of alfalfa

hay divided by <hree.
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TABLE 4

ZSTIMATED DENSITY OF CORN GRAIN PRODUCTION
IN SELECTED REGIONS

Area Requirec to Hypothetical
Production(b) Supply 1,000,G00 Average
(a) Density, Tons, Hauling Radius,
Region tons/sq. mile sq. miles miles

East Central Illinois 1046 956 12.3
Central Iowa 896 1,116 13.3
South Central Nebraska 333 3,003 ! 21.9
Texas High Plains 48 20,833 57.6

(a) Estimated square miles in designated areas:
East Cent-al I1linois 16,000

Central Iowa 20,000
South Cenzral Nebraska 11,800
Texas High Plains 8,100.

(b) Grain tonnage at 15.5% moisture content.



yesterday that there are going to be some farmers who are going to bring
their corn or the cobs or whatever you are talking about in from close

by, but then you will have others that might deliver them from a much fur-
ther radius. But anyhow, our figures provide at least an initial esti-
mate of minimum hauling distance. ~

It was interesting to note that based on the USDA Crop Budgets
for each of these regions that south central Nebraska was the least expen-
sive area to produce corn both on a per acre and a per ton basis, and this
is somewhat surprising. I think it is based on the average yield reported
for this year. Iowa has the highest cost per ton basis. However, all of
these figures shown in Table 5 are the relatively low cost areas compared
to other parts of the United States. The Iowa yields are also higher due
to the high land charges that are incurred in that state.

The land charges are somewhat difficult to estimate, but they are
generally based on either a cash rental value for the land or taking the
product of the land per acre times an interest rate. For example, if the
land would be valued at $1,500 per acre and the interest rate on a Federal
Land Bank loan is 8%, why, the estimated land charge per acre would be $120.
Of course, when the farmer already owns his land, he might not actually
charge himself for this, but it is over the long run that a cost has to be
considered. Table __ shows the estimated corn grain production costs. And
again I want to emphasize these numbers are based on averages for each re-
gion, they are not necessarily indicative of what individual growers may
achieve, which may be higher or lower, of course, than these.

Table 6 shows the estimated net cost of corn for production of
ethyl alcohol. Total alcohol production costs for corn grain can be re-
‘duced by taking credit for the still large byproducts of the fermentation
process. The credit for distiller's dried grains which are used as an in-
gredient in cattle feeds amounts to approximately $38 per ton of corn used,
based on price levels of approximately 1 year ago. We use that price be-
cause the other costs associated with our operating facility were based on
approximately that time period. Therefore, the net cost of each ton of
corn for alcohol after deducting the stillage credit is between $43 and $65
per ton, depending on the region.

Using corn residues as an energy for chemical feedstocks, was
-our third alternative for fuels from biomass. Specifically we examined the
use of residues to produce either substitute natural gas or ammonia. And
residues for this study are defined as the aerial portion of the corn plant
exclusive of the grain. We did not consider the roots in our analysis as
far as the residues are concerned.
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TABLE 5

MAJOR COMPONENTS OF ESTIMATED CORN GRAIN PRODUCTION
COSTS, BY SELECTED REGION, 1276

East South Texas

Central Central Certral High
[Tlinois Towa Habraska Plains

Total Acres (000) 4,900 6,400 11,200 100
Yield Per Acre (Bushels) 122 100 o117 140
Yield Per Acre (Tons) 3.42 2.80 j z.28 3.92
- - - -~ -Dollars Per fhcraz- - - - - - -

Preharvest Variable Costs 97 88 96 155
Harvest and Hauling Variable Costs 16 19 24 59
Machinery Ownership Costs 29 30 53 51
Land Charge 145 134 78 80
Managemsnt Charge 21 _18 _20 25
Total ($/Acre) 308 289 27 370
Total ($/Ton) 99 94

|
|
|
103 | 83
|
|
|
|
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TABLE 6

ESTIMATED NET COST OF CORN FOR
PRODUCTION OF ETHYL ALCOHOL, BY REGION

($/Ton)
Corn
: Production Credit for Net Cost
Area ‘ Cost Sti]]age(a) of Corn

East Central I1linois 90 38 52
Central Iowa 103 38 65
South Central Nebraska 83 38 45
Texas High Plains 94 38 56

(a) Based on 19.8 pounds stillage per bushel of corn and value of
distillers/dried grains = $105 per ton (as of January, 1976).



Under current production conditions, residues are either left on
the soil to decay or else they are collected or grazed as feed for livestock.
At any rate, the total cost of residues must include a compensation to far=-
mers for the residue value either as a feed source or as a soil maintenance
material in addition to the residue collection and transportation costs.

There is probably not a constant relationship between the amount of
grain produced and assoclated residues. Certainly this ratio is subject
to climatic factors, rate of growth, the variety of corn and also the loca-
tion of production. Our analysis shown in Table 7 of the quantity and com=-
position of corn residues is based on some data developed by Dr. Richard
Vetter of Iowa State University which he reported in 1973. His research
was conducled uvver o 4=ywar perlod 1n the éof¥n belt and he took measure-
ments at a 237 kerncl moisture content, which is [alrly typilcal of grain
- moisture contents at harvest time in the midwest. At this moisture content
Vetter found that the grain comprised 53.17 and the aerial residues 46.9%
of the total dry weight of the corn plant. Now, if the grain was harvested
earlier in the season at a 28% moisture content, the ratio changes to about
49.,1% grain or roughly 517 residue on a dry weight basis.

Table 8 shows the amount of grain and residues produced under
various yields. Residue production on a dry weight basis ranges from
roughly 3,000 1b or 70 bushels per acre up to about 6,300 1b or 150 bushels
per acre. Our average corn belt yield projections of 160 bushels per acre,
if you consider these to be realistic, would mean that about 3.4 tons of
dry residues could be produced on each acre by the year 2000. And again,
Table 8 assumes a constant ratio of grains to residues at varying yields.
However, this does need to be veritied experimentally.

Now, the same four geographic regions that were used in the
analysis of corn grain are used in the estimates regarding residue pro-
duction. The estimated density of dry residue production as seen in
Table 9 ranges from 36 tons per square mile in the Texas high plains area,
to 785 tons per square mile in central Tllinois. Iowa is close behind Illinois
with a density of around 670 tons per square mile.

If you use a rough Illinois and Iowa average of 730 tons of dry
residue produced per square mile, a 50-mile radius surrounding a substitute
natural gas or ammonia facility would supply over 10 times the annual raw
material requirements of a single plant (see Table 10). Within a hundred
mile radius in this particular region total dry residue productioﬁ is esti-
mated around 23 million tons or over 40 times the annual plant requirement.
So it seems evident, therefore, that the raw material requirements for a
processing facility could certainly be met in the intensive corn producing
areas of the corn belt and without taking all of the residues or the total
hypothetical supply.

158




661

TABLE 7

DRY MATTER IN THE CORN PLANT

AT TWO KERNEL MOISTURE CONTENTS

Percentage and Volume in
2000 Lbs Dry Matter

Kernel Moisture

Kernel Moisture

23% 28%

Plant Component % Lbs % Lbs
Grain (Kernel)} 53.1 1062 49.1 982
Cob 10.0 200 9.7 194
Stalk 25.3 506 25.1 502
Leaf 6.9 55 1o Jf 39%-9%0.5 210
Husk 6.1 112 5.6 112
Total Dry Matter 100.0 2000 100.0 2000

' Percent Pounds Percent Pounds
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TABLE 8

QUANTITY OF RESIDUES UNDER DIFFERENT CORN YIELCS
AT "HORMAL" HARVEST PERIODS :

Grain Yield

Equivalent
Grain Yield

Lbs. Grain/Pcre

Lbs. Residue/Acre

at 84.5% Dry M§tter, At 77% Dry Matter, Field Cry Field Dry
bu/acre(a) bu/acre(b Wt. ht. Wt. Wt.

70 77 4312 2320 6,867 2939

“0Q 110 6160 4743 9,811 4197

“50 165 9240 7115 14,717 6299

(a) For statistical report<ng purposes, yields are reported at 15.5% moiztur2 content.

(b) "Normal" moisture content at harvest assumed to be 23%.




TABLE 9

ESTIMATED DENSITY OF RESIDUE PRODUCTION
1976
(Tons Per Sq. Mile) .

Production Density

Field Dry -

Wt. Wt.
East Central I11inois ' 1833 785
Central Iowa 1570 672
South Central Nebraska (irrig.) 584 250
Texas High Plains (irrig.) 85 36
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TABLFE. 10

ESTIMATED PRODUCTION OF RESIDUES
WITHIN SPECIFIED RADII

- ILLINOIS AND IOWA - -
(DENSITY = 730 DRY TONS/SQ. MILE)

Percent of Total

Distance From Cumulative Cumulative Production
Processing Plant, Total Production Necessary to Supply
miles 1000 Tons 551,000 Tons/Year
0-10 229 100+
0-50 5,735 10
0-100 22,944 2
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Table 11 indicates three collection alternatives that might be used
to assemble corn residues. This topic, of course, will be addressed in con-
siderably more detail this afternoon by the gentleman who is speaking from
The Hesston Corporation, and I am sure he might touch on some other alter-
natives that we have not considered here. But what we have listed here, and
this is based on some data reported back in last July from Stanford Research
Institute on thelr residue study, we have the large round bale here which
might weigh anywhere from 1,000 to 2,500 1b and with a density of about 10
to 13 1b per cu ft.

A second alternative would be the large stacks of residue which
look somewhat, at least to me, like a large loaf of bread as you see them
sitting out in the field and this again could be produced by currently avail-
able machinery. This produces a stack rangiﬁg anywhere from 3 to 10 toms
in rotal weight with a density of about 4 to 6 1b per cu ft.

The third alternative is field cubing of residues which produces
small cubes of approximately an inch to an inch and a quarter with the
highest density of around 16 to 22 1b per cu ft.

And then, of course, another alternative which we have not con-
sidered in anyv detail would be baling residues in, of course, bales com-
parable to those produced which you see on many farms now to bale hay. The
weight of these, I would estimate, might be anywhere from 50 to 100 1b.

Bulk density and hauling distances are important variables when
considering the use of residues as an energy feedstock. Semi-tractor
trailers are limited, I think, in many states to a maximum load of around
23 to 24 tomns, and if you take what I think might be a typical sized
trailer, this might hold approximately 3,500 cu ft of volume. And if you
just consider a single truckload of them with, say, chopped residues at
a density of, say, 6 1b per cu ft, you might not even reach half of the
load limit on a weight basis before you would run out of volume on a phy-
sical basis or physical space, rather. Therefore, it is obvious that some
economic balance has to be drawn between savings in transportation costs
which would be due to residue densification and the costs of this densifi-
cation process.

If you assume that 24 tons are hauled per trip, and we are as-
suming here that the residue dry matter is about 43%, and that 60% of the
plants' volume is supplied within a radius of 20 miles, you get another
30% between 20 and. 50 miles and then 10% between 50 and 80 miles, the
total cost of transporting roughtly 1.3 millions of field weight residue
to a processing facility is about $2.3 million. For a clearer picture of
this cost estimate see Table 12. This would be equivalent to an average
cost of about $1.77 per ton of field weight, or converted to a dry weight
basis the cost would be about $4.13 per ton. Again this assumes an even
distribution of the residues supplied throughout the region.
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TABLE 11

RESIDUE COLLECTION ALTERMATIVES

Package
Density,
- Package Type Package Weight 1h/cu ft
1. Large round bale 1000-1500 1bs 10-11
2000-2500 1bs 13
2. Air-packed rectangu- _ _
3. Field cubing 1-1/4-inch cubes 16-22

Source: Stanfcrd Research Institute, An Evaluation

of the Use of Agricultural Residues as an

Energy Fecdstock, Vol I (July, 1976).
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RESIDUE TRANSPORTATION COSTS TO SUPPLY
1,288,000 TONS (FIELD WEIGHT) PER YEAR

TABLZ 12

ESTIMATED

AVERAGE HAULING RADIUS = 27 MILES
TONS HAULED PER TRIP = 24 TONS
Average
Hauling Radius in Miles or
0-19.9 20-49.9 50-80 Total
Percent of Total
Manufacturing Plant 60% 30% 10% 100%
Volume Supplied
Total Cost $935,514 $204,508 $436,730 $2,276,752
Total Cost Per Ton, Field Wt. $1.21 $2.34 $3.39 $1.77
Total Cost Per Ton, Dry Wt. $2.83 $5.48 $7.9 $4.13

Note: 1,288,000 tons at 42.8 percent dry matter = 551,000 tons dry matter.

Note: 60%, 30%, and 10% figures based on Baumel's 1976 Iowa State study of corn grain terminal
delivery distances during autumn.



Now, if--and I think this is a big if--the residues can be air
dried or sun cured, in the field to approximately an 807 dry matter rather
than the 43% which we previously assumed, the transportation costs per dry
ton fall by about half to roughly $2.25. These cost estimates are shown
in Table 13. However, I think there are a lot of questions about feasi-
bility of air drying or sun drying. Because the dried material is less
dense than freshly harvested, there is, I think, greater need for some type
of densification such as baling or field chopping. It would seem to me
the feasibility of sun drying these residues during the winter months in
the corn belt is debatable. Also, Lhe moisture content of the residues
presumably would be highly dependent upon weather conditions at the parti-
culat time when they were gathered, including the rainfall and wind and
temperature and snowtall.

I feel that the questions (1) whai 1s the real residiie foisture
content when they are collected and (2) what is the degree of variability
in this moisture content and (3) what are the relationships between moisture
levels and densification requirements are topics that need to be examined
in future research experiments.

Now, the transportation costs are just one aspect of the total
delivered costs of corn residues to processing plants. ~The cost of col-~
lection and assembly of the residues on a farm must also be considered
along with the cash payment to the farmer for the value of the residues.
The total cost of delivering residues containing 43% dry matter ranges
between $25 and $70 per dry ton depending on the collection alternative
as shown in Table 14. The collection costs are herc again hased on Lhe
SRI data. I put together my own estimares on what you might have to pay
the farmer. The delivered costs of residues on an 807 dry matter falle
to between $16 and $45 per ton of dry weight.

The cash payment to the farmecr is based on comparable fertilizer
and feed costs, and this cash payment I have estimated to range between
$5 and $15 per ton of dry residue dcpending on whatever alternarive might
be available to him. If the farmer is a cattle feeder and he wishes to
use residues as a forage substitute and if hay is worth around $60 a ton,
which I think a cash payment of at least $15 per ton on a dry weight basis
to the farmer would be necessary. If the residues otherwise would be
left on the ground, this cash payment might be substantially lower, around
$5 a ton.

Residues contain about 5-1/2% ash, which has no value, at least
from an energy standpoint, and, therefore, after eliminating the ash con-
tent the delivered cost of residues is increased slightly. On a cost
per pound basis values ranged from about 1.3 to 3.7¢ at 43% dry matter,
and at 80% dry matter the cost estimates ranged from about 0.9 to 2.4¢ per
1b. The cost per pound data is given in Table 15. Additional research, as
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TABLE 13

ESTIMATED
SUN-CURED RESIDUE TRANSPORTATION COSTS TO SUPPLY
689,000 TONS (FIELD WEIGHT) PER YEAR

AVERAGE HAULING DISTANCE = 27 MILES
TONS HAULED PER TRIP = 24 TONS

Average
Hauling Radius in Miles or
0-19.9 20-49.9 50-80 Total
Percent of Total
Manufacturing Plant 60% 30% 10% 100%
Volume Supplied
Total Cost -$499,853 . $485,070 $233,600 $1,218,523
Total Cost Per Ton, Field Wt. $1.21 $2.34 $3.39 $1.77
Total Cost Per Ton, Dry Wt. $1.51 $2.93 $4.24 $2.21

Note: 689,000 tons

at 80% dry matter = 551,000 tons dry matter.
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TABLE 14

ESTIMATED

DELIVERED COSTS OF CORN RESIDUE

UNDER

THREE COLLECTION ALTERNATIVES

$/TON FIELD WEIGH™
AT 43% DRY MATTER

Choppad and

Large Rectangular
Round Stacked Field
Bale (Air Packed) Cubing
Total Cost Per Ton Field Weight
(including cash rental, residua 10.55-27.00 11.90-24.80 11.99-29.80
collection, and transport)
Cost Per Ton Dry Weight:
At 43% Dry Matter ' 24.55-62.80 27.65-57.65 27.65-69.30
At 80% Dry Matter (sun dried} 15.50-40.95 17.20-38.20

17.20-44.45




TABLE 15

ESTIMATED DELIVERED COSTS
OF COMBUSTIBLE ORGANIC MATERIAL
OR FERMENTABLE SOLIDS
IN CORN RESIDUES

(Cents Per Pound)

Dry Matter Content at
Time of Collection

Collection Method 43% 80%
Large Round Bales 1.3-3.3 0.9-2,2
Chopped and Stacked : 1.5-3.1 0.9-2.0
Field Cubed 1.5-3.7 0.9-2.4

Note: Ash Content = 5.5%; therefore, there are 1890 pounds -
combustible organic matter or fermentable solids in
each 2000 pounds of dry residue.
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collecting and transporting these residues. There are problems which we
did not even consider, such as the potential logistical problem that might
be associated with delivering a million tons of residues to a processing
plant over a 4 to 6 months period, particularly during the winter months
that you experience in the corn belt.

I previously indicated, is needed to verify the costs and practicality of l

We move on to the final topic: the energy halance in corn agri-
culture. Various authors have estimated the ratio of energy produced per
energy consumed in growing and harvesting corn grain. Each has looked at
the problem in a little bit different way and naturally we have got some
variability in these energy balance ratios. These different ratios are
shown in Table 16. Pimentel's ratio of energy produced or energy consumed
was the lowest of price sources that we looked at, around 2.5, and Dr. Aldrich
of Illinois showed a ratio of about 5.7, and 1if you average all these to-
gether you come up with a gross type of estimate of around a ratio 3.7 of
energy output-input.

Now, we decided to use some data recently developed by the U.S.
Department of Agriculture on energy consumption in grain production. This
data is given in Table 17. Now, one reason we used this is that the USDA
data differentiates energy utilization for various crops by state, therby
accounting for differences in cultural practices. And lower heating values
were used for both production inputs and outputs. It should be noted that
the 1974 yields in the corn belt were adversely affected by drouth and,
therefore, the ratios shown are probably on the conservative side. Perhaps
in a more normal crop year they might go up by 10 to 15%.

Energy used per acre in producing carn grain, Tahle 18 ranges
from about 6.8 million Btu's in Iowa up to about 14 million Btu's in Texas.
Average énergy balance for corn grain is 3.1, which is roughly comparable
to the 3.7 which I mentioned earlier compiled from other sources. Towa
and Illinois energy balance ratios for the production of grain plus resi-
dues, Table 19, is approximately 2.7 to 2.8, and the lower ratio presumes
that the residues would not be sun dried in the field and, therefore, con-
siderable energy would have to be expended in mechanically drying the
residues to levels which would allow safe storage. And I base this on
what might be comparable to having to dry corn grain. This may not be a
good analogy.

If no mechanical drying of residues was necessary, the energy

balance for grain plus residues, Table 20 rises to between 5.2 and 5.5 for
Illinois and Iowa with lower ratios in Nebraska and Texas.
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TABLE 16

ENERGY IN CORN GRAIN AND
RATIO OF ENERGY PRODUCED .
PER ENERGY CONSUMED

Assumed Ratio Energy
Source BTU/LB Produced/Energy

Corn Grain Consumed-Corn Grain
Pimentel 6,336 2.52
Cervinka, et al 6,624 3.25
Aldrich, et al 6,947 5.70
Scheller, et al 6,103 2.86
Heichel 8,913 4.3pH

Average 6,985 3.73

171




[4A!

TABLE 17

NET ENERGY PRODUCTION
FROM
CORN SILAGE

(Based on 1974 Silage Yields)

Energy Jsed

Ratio of

3ilage Yield Per Acr2 in Energy Contained
Field Weight, Silage Praduction, To Energy Used
State tons 1000 BTJ's x:1
Wisconsin | 9.4 5,907 5.1
Indiana 11.5 7,622 4.9
Texas ]3.0 19,517 2.1
California 18.5 15,223 3.9
United States 10.4 7,183 4.7

Note: Assumed 3,218,000 BTU's/ton silage containing 65.6% H,0 (iowe~ heating value).

Based on Firm Enterprise Data System statistics.
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TABLE 18

1974
NET ENERGY PRODUCTION
FROM
CORN GRAIN
Ratio of Energy
Grain Yield Energy Used in Contained
Per Acre, Grain Productian To Energy Used
State tons 1000 BTU's x:1
11linois 2.32 7,734 3.5
Towa 2.24 6,806 3.9
Nebraska 1.90 11,933 1.9
Texas 2.58 13,999 2.2
United States 2.00 7,604 3.1

Note: Assumes 11,764,000 BTU's/ton of corn containing 15.5% moisture (lower heating value).
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TABRLE 19 !

1974 !
NET ENERGY PRODUCTION |
FROM |

GRAIN PLUS RESIDUES

(Residues Not Sun-Dried) ]

Energy Used in Grain &,

Ratio of Energy

Grain % Residue Yield Residue Product1on/Acre' Contained to Energy Used
State Per Acre, Field Weight 1000 BTL x:1
IMlinois 6.40 17,45C 2.7
Towa .6.16 16,275 ; 2.8
Nebraska 5.24 20,89¢ | 1.8 -
Texas 7.09 | 26,026 - | 2.0

Note: Assumes &,784,000 BTU's/ton of residues containirg c7 2% mo1sture and 11, 764 000 BTU/ton
of grain conta1n1ng 15.5% mcisture.
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TABLE 20

1974

NET ENERGY ~RODUCTION
FROM

GRAIN PLUS RESIDUES

(Residues Sun-Dried)

Energy Used in Grain &

Ratio of Energy

Grain and Residues Residue Production/Acre Contained to Energy Used
State Per Acre, Field Weight 1000 BTU x:1
ITlinois 4.50 9,623 5.2
Iowa 4.34 8,740 5.5
Nebraska 3.69 14,358 2.8
Texas 4.99 16,971 3.3

Note: Assumes 10,360,000 BTU's/ton of residues containing 20% moisture and 11,764,000 BTU/ton
containing 15. 5% moisture.



Table 21 summarizes some of the main points that I have been
hitting on. Looking at the total United Staes, we produce about 40
million tons per year on a dry weight basis of silage, about 131 million
tons of grain and 116 million tons of corn plant residues. In the most
intensive corn producing areas the density of grain production is approx-
imately 750 to 800 tons per square mile and accompanied by roughly 700 dry
tons of residues per square mile. Estimated costs of corn as an energy feed-
stock ranged from about 2.4 to 3.0¢ per 1lb for dry material for eilage,
from about 2.3 to 3.3¢ a 1b for dry grain, assuming a stillage credit there,
and a residue cost somewhere in the neighborhood of 1 to 2¢ per lb.

As indicated previously, I think the costs of residues needs to
be the subject of some additional verification since there is very little
published data available on this. Also the dry matter content of residues
needs some additional work.

The ratio of energy consumed in corn biomass production ranges
from about 2.7 to slightly over 5.0, depending on which plant component is
utilized. Again there may be considerable latitude in these ratios de-
pending upon the exceptions made by the various researchers. It will
naturally be lower once the energy costs of converting the biomass into
some type of fuel or chemical are considered.

Question: I have an observation, not a question. The ratios of
energy contained to energy should be borne in mind in terms of. the efficiency
of recovering the contained energy. So if you come up with a number like
2 for 1, you are essentially running at a loss because there are very few
things that will recover 50%. And some of the things we are going to be

4 to 1 just to begin to think about it.
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Total U.S.

TABLE 21

SUMMARY--~CORN BIOMASS

Production

Silage
Grain
Residues

Density of Production (Corn Belt)

10.3 million acres
} 68.0 million acres

Million Dry Tons

40
131
116

Dry Tons/Sq Mi

Silage
Grain
Residues

Estimated Costs/Lb Raw Material

Silage

Grain (with stillage credit)

Residues

Energy Output/Input (Corn Belt)

@ 43.0% D.M.
@ 80.0% D.M.

Silage
Grain

Grain + residues:
Residues @ 43% D.M.
Residues @ 80% D.M.
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80
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700+
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ETHANOL AND FURFURAL FROM CORN
Dr. W. J. Sheppard

Battelle Columbus Laboratories

I am going to talk about making furfural and alcohol from corn and
compare these results with some that we got in calculating the costs of making
furfural and alcohol from bagasse. T will also compare the costs that we
derive for making furfural and alcohol with some of the current com-
mercial prices for these commodities.

One of the problems that you run into when you talk about furfural
is explaining what furfural is. Figure 1 shows the configuration nf the
furfural molecule. It's a five-membered ring, but because of the double
bonds and the unshared pairs of electrons on the oxygen it has some aro-
matic character to it, which means that it is sort of like benzene. [t
also has a nice odor, a sweet fruity odor not too different from benzaldehyde,
which is superficially resembles. The market for this is about 150 million’
pound, which is not large and it's not small as cliemicals go. It sells for
around 50¢ a pound right now. It is in short supply and people are on al-
location and Quaker Oats is selling all that they can produce and they are
building a new plant to produce even more,

What's furfural used for? Well, it can be used as a solvent
and it can be used to extract the aromatic materials in a lubricating oil
stock to upgrade the quality of the lubricating oil. It can be mixed with
petroleum fractions and then the fraction distilled and you can recover
the butadiene or the isoprene in this way. We call that extractive dis-
tillation. It can bec u3ed for making i1esins. I¢ can also beé converted
to a number of other things. We can make the aldehyde into an alcohol
group and then we can make foundry core binder resins. If you are making a
casing, the cheapest way to machine a hole in the casing is to put a rod
of sand bound with a resin in before your pour the metal. So this is
what is done and these are called a core and we use a binder resin. It
turns out that furfural alcohol makes the best resin. Unfortunately, ar
about 5U¢ a pound the phenolic resins at half that price are beginning to
compete quite actively.

We canvalso make other things that have names like tetrahydro-
furan, which is furfural minus the aldehyde group shown on the right in
Figure 1 and with four extra hydrogens attached.

Now, we are interested in furfural because it represents a
chemical that can be made and one that is in short supply now. We can
see that there is a fair market. We could double or triple the amount
and sell it. We could get some money. We could also replace phenol and
other materials that are aromatic chemicals which come from the petroleum
company. So thus we would displace some fuel.
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There is an interesting story behind furfural. TIn about 1920 a man
named Harold Brownley at Miner Labs in Chicago was trying to take oat hulls
to use for animal feed because there was a shortage of molasses. He tried
in his lab to digest the oat hulls with sodium hydroxide, and that did not
improve it. Then he tried digesting them with acid, and that did not im—
prove it, and suddenly they discovered in the feeding trials that oat hulls
were not so bad just as they were. But he had done 2 years of work and he
wanted to write it up. So they completed his work for publication and they
noticed there was an energy balance or a material balance problem. They
were 20% short. So they tried to find out what happened to that 207 that
disappeared. When they looked they found that much of what had distilled
out by accident in the digestion with acid was furfural. So they went to
the biggest manufacturer or biggest maker of oat hulls, which was Quaker
Oats, and they went into business with Quaker Oats. Originally furfural
was two and a half dollars a pound, but by aggresively lowering the price
they got furfural down in just a few years to about 17-1/2¢ a pound. These
big markets developed and now the price is creeping back up with the general
inflation., However, I thin 17-1/2¢ in 1926 was a higher price than 50¢
today.

Now, there are other compounds that we could make from the corn re-
sidues because the furfural starts out as a five carbon sugar. In fact, it
starts out as a five carbon sugar in a long chain that we will call pentosan.
We can hydrolyze the corn cob material or corn stover material to the five
carbon sugar, and we could isolate it and sell it as xylose, but there is
not much of a market. We could take the xylose and we could hydrogenage it
and sell it as xylatol and this is a sweetener that is low in calorie
value. Xylatol is supposed to be noncarcinogenic, in other words, it does
not rot your teeth out, and if you do not mind the laxative problem from
the xylatol then it may be a great thing. In fact, in Finland they have
claimed that it actually heals the cavities in teeth. However, the market
volume for xylatol is likely to be small, so we ignored it.

The C, sugars, the cellulose, can be hydrolyzed to glucose, Then
you can do things with the glucose. It is possible to make hydroxymethyl
furfural. Merck tried selling hydroxylmethyl furfural and it turns out it is
about as useful as last year's bicentennial neckties are now. They were
not able to get anybody interested in it, even though it was a nice inter-
esting compound. Likewise you can make the hydroxymethyl furufural into
lebulinic acid that has a very small specialty market, but we ignored it.

One of the decision factors for ignoring these uses was the
graph in Figure 2. To make this graph we took about 150 organic chemicals
and plotted the price versus the volume on a log plot. The range we are
working with is from about 10 billion pounds plotted against thousands of
dollars per pound,

From the graph it can be seen that the things that are physiolo-
gically active such as the dyes which are interacting with your eyeballs and
the medicinal chemicals flavorants, and ordorants, have a rather high price
and a low volume. The things that are basic building blocks have a large
volume and a low price.
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And furfural at 50¢ a pound, if it is 50¢ a pound, falls into the
large volume and low price area of the graph. Now, what we are saying is
that we are going to bave to get the price down if we want to get the sales
volume up. So this is the reason that we try to look at the biggest possible
market.

I mentioned that we make the furfural from the five carbon sugars.
The five carbon sugars are found in almost all agricultural products. Corn
cobs and oat hulls are especially rich in these sugars. Bagasse has a little
bit less. In Finland they are making furfural from birchwood scrap. Table
___ shows how much furfural can be produced from various crops. The numbers
in parenthesis are some Battelle estimates. The numbers that are not in
parenthesis come from Dunlop and Peters' book on the furans. Furfural also
can be made from olive pits or date seeds or even from pinewood waste, al-
though the pinewoods and the soft woods in general have about half the con-
tent of the things such as birchwood and other hardwoods.

So with corn cobs we have 30% pentosans. By the time we run the
reaction we get about 13 pounds of furfural out.

Now, let me just tell a little bit of the history of furfural pro-
duction. Quaker Oats, as I mentioned, started out with ovat hulls, but if
you are selling oat hulls for animal feed and selling oat hulls to your fur-
fural plant, you are competing with yourself and you run up the price of
the oat hulls even if it is the transfer price. So there is only a limited
amount of oak hulls available and some of that is dedicted to animal feed.

So the n Quaker Oats looked at using corn cobs to produce furfural.
During World War II, when it was necessary to get lots of buladiene out of
petroleum fractions for use in the synthetic rubber program, a plant was
built in Memphis, Tennessee, to usc cotton seed hulls. But it was soon found
that cotton seed hulls were more useful or had a higher price for an animal
feed than they did as a raw material for furfural, so this almost disappeared
as a raw malterial and people brought corn cobs down the Illinois River hy
the bargeload all the way down to Memphis.

Down in Relle (lade, Florida, and at LaRomana iu Lhe Dominican
Republic bagasse is used to produce furfural as it is elsewhere in the world.
And as I mentioned, in Finland they use the birchwood.

Now we are looking at using the corn stover to make furfural and
as a first approximation it yields about like that of bagasse, but we think
we can get a little higher yield.

A process for making furfural is shown in Figure 3. This figure
shows the process using a rotary digester. This is the old-fashioned tried
and true approach. Some people have used continuous digesters. At the
beginning of the process we add our stover and some sulphuric acid and we run
in high pressure steam. We have to use 28 tons of steam for every ton of
furfural that we get out. It distills over with the steam. Then we clean
up the products and we estimate a furfural yield of about 8-1/2% of the
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TABLE 1

MADE FROM FIVE-CARBON SUGARS

Pounps oF FURFURAL PER
100 Pounps oF Raw MATERIAL

CorRN COBS 13

OAT HULLS 12

BAGASSE ® 3

BIRCHAOOD SCRAP 7

RICE HULLS | 6.3

CORN' STOVER (8.5)
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stover we started with. In addition the acetic acid yield is as much as 5-
1/5% of the original amount of stover. We think that it is important to re-
cover the acetic acid and use it. In addition there are 1-1/2% of methyl
alcohol. Another product is methyl acetate. Its in the literature as acetone
but I suspect that it is methyl acetate and I have reported it that way. They
both boil at the same place and I do not really believe that acetone is pro-
duced.

Now, after we have done this digesting and i1f we use the rotary
digester it will take 6 or 8 hr, we then take the material and run it through
a screw press. From the screw press we get out a residue that is 35% water
and we have some spent acid, and there is a little bit of hydrolysis of the
cellulose to give us glucose. We can run the glucose over to an alcohol
plant if we have one.

Now, we analyzed the cost of this process. First let me tell
you what some of the ground rules are for the cost analysis. We used $36
a ton for the raw material on a dry basis. Now, you remember Dr. McClure's
numbers ranged from $27 up to as much as $70. And we figured that $36 was
a pretty good number for a reasonable hauling distance. We then calculated
the sensitivity to this cost. Our operating costs include labor and super-
vision and maintenance and just about everything else we could thing of.
Maintenance is as great a cost as labor in this kind of an activity.

Our annualized cost was made on the basis of taking plant and
offsites, and the offsites are almost equal to the cost of the plant in
many cases. Working capital, accounts receivable, inventory, and startup
costs were all considered in the cost analysis.

We calculated cost using 60% debt and 8-3/4% interest on that
debt and a 14% return on equity after taxes. We think these assumptions
represent a fair picture of the kind of economics that one might use. Then
we calculated what would be the annualized payments. These payments would
pay off the interest and the equity and would provide for replacement
of the capital.

Then we calculated the value of the residues. We used a dollar
a million Btu lower heating value for the byproducts. The acetic acid sells
on the market for 17¢ a 1b, but we are getting the acid out diluted with a
lot of water and a lot of cleanup, so we just valued it at 6¢ a 1b.

I might mention about this lower heating value. People who report
heating values generally report a higher heating value, which is what you
get in a bomb colorimeter. However, in the bomb colorimeter any steam that
is formed gets condensed again and you get that heat back. But the lower
heating value is what you get when you burn the substance and let the steam
go up the stack. So the steam is not condensed and you'do not get the heat
back from the condensation process. This means if you have a moist material
than you not only are diluting the calorie value with the water, but extra
energy is needed to evaporate the water. And likewise if there is hydrogen
in the compound, that hydrogen forms water which also is lost as steam. This
is why we have used lower heating values. For fossil fuels using lower heat-
ing values makes a difference of maybe 5 or 6%, but for biomass materials and
municipal solid wastes and things of that sort it can be as much of a difference
as 25%. So we want to keep in mind what heating values we are dealing with.
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The way we calculated our costs was to go to the literature. We
found a book on sugarcane byproducts written by Paterau. He had estimated
what it would cost to build a small plant using bagasse. We scaled it up
using a scale factor of 0.65, which means we put it on a log plot and used
the slope of 0.65. This is a common way that engineers multiply their ignor-
ance. They take one number and then they draw a straight line using an as-
sumed scale factor of 0.65 or 0.6 or 0.7. A scale factor of 0.6, just to set
the stage, means if you build the plant twice as big it only costs you 1.6
times as much. Or if you build it five times as big it only cnsts three
times as much. So that is the kind of scale factor we are talking about.

We assumed our electricity would cost 3¢ a kw-hr and our high pres-
sure steam would cost 3¢ a thousand 1b of steam., We had low pressure steam
coming out and we gave ourselves a credit of $2 a thousand 1b for that.

The results of this analysis are shown in Table 2. These esti-
mates were made for a plant that would use about 1,600 tons a day of stover,
a little over half a million tons per year if we operate the plant 330 days.
It is comparable to the size unit that Dr. McClure was talking about, 550
thousands of tons per year. And we are producing 135 tons a day of furfural,
which is 45,000 tons a year or if you like big numbers 90 million 1b per year.
The total U.S. production of furfural is 150 million 1lb per year, so we are
talking about a large plant.

Now, the large plant has an advantage in that it is cheaper be-
cause of the scale factor. However, it runs up our costs of collection, be-
cause as you go to ever-increasing circles you increase your average cost of
material. That is different from many processes where you expect the costs
of your raw material to stay constant or even decrease as you increase the
scale.

Now, our battery limitc plant, that means the eyuipument 1in place,
we calculated as costing about 50 million dollars, but by the time you put
in the offsites and the fire station and the little lab and the cafeteria
and some parking lots and storage and so on, it gets up to 80 million dol-
lars. This is another thing to watch, to.make sure that you are looking at
the whole plant and not just the battery limits plant when you see numbers.

As yuu cau see I'rom Table 2 the byproduct credits are an ap-
preciable factor here. The byproduct credits are based on both the acetic
acid and on the heating value of the residues and on the recovered steam,
but it does not include anything for the sugars that might be in the spent
solution and for the methanol or methyl acetate.

Notice that the cost of furfural from our stover comes to 39¢
a pound at the plant and usually you use a rule of thumb that says 30% ex-

tra for your costs of marketing and distribution and that brings the cost up
to 50¢ a pound, which is about what Quaker Oats is charging now. So this
gives us a little bit of confidence in our numbers.
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TABLE 2

COSTS OF FURFURAL FROM CORN STOVER

MiLLIons oF 1976 DoLLARrs

Raw MATERIAL . | 19.008
OPerATING CosTS 16.248
ANNUAL1ZED CAPITAL CHARGES 9.25
By-Propuct CREDITS (9.555)

TOTAL 34.99)
CosT Per Pounp $0.39
CosT A1TH DISTRIBUTION AT 377 $3.59
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Now, how does the cost of furfural vary with the raw material costs?
Figure &4 graphically illustrates the answer to this question. We valued the
raw material at $36 a ton but if you have zero costs for your material, the
furfural will cost 17¢ a pound, and if the raw material costs $20 a ton the
furfural will cost around 28¢. Now what it means is that if we are going to
make money on furfural alone, even with all these byproduct credits, then we
have got to cut down the costs of the material. But you will see later that
we play some games where we take the residue and instead of burning it we
get some other values out of it and that makes our cost estimate look a little
better. :

We also compared the cost of making furfural from corn stover with
the cost of making it from bagasse., This comparison is shown in Table 3.
With bagasse you are ahead as far as the cost of collection because you have
to bring the bagasse to the sugar mill with the sugar juice, so that the costs
of collection are borne jointly by the sugar venture and by the bagassee ven-
ture. And when we did our study of sugar we found that $1 a million Btu for
bagasse lower heating value was a reasonable number. That is about what low
sulphur coat sells for in small amounts delivered. It also gave us a cost of
¢6 a pound for the fermentable sugars, That also is a reasonable number, so
that we think this is the best combination to use. And you see from the table
that the operating costs are the same for bagasse and corn stover.

The capital charge is higher in the case of stover. This is because
we have a larger working capital with corn stover. The product is more expen-
sive and we have to store several months' supply and that runs up the capital
investment. We also have to store some raw material and that runs up the

capital investment.

The byproduct credit is a little higher for the bagasse for the
same size plant because bagasse has more lignin than stover and so we gave

ourselves a higher credit per pound because there were more Btu's per pound,

So here with the bagasse our costs are 29¢ without distribution and
38¢ with, and what this means is that you are better off going with bagasse
than with corn stover. This is due principally to the cost of the raw material.

I would like to mention just one other thing about the history of
furfural that illustrates something having to do with the whole biomass pro-
blem and that is duPont was using furfural to make nylon. They developcd a
way of making nylon using butadiene. Butadiene started to be very cheap. Of
course, they distilled it out using the furfural, but nobody talks about that.
The butadiene was cheap and so they said to Quaker Oats, ''go find some other -
customer." So Quaker Oats worked real hard and found some other customers,
Then duPont wanted to make lycra spandex material, urethane, and they wanted
to use tetrahydrofuran, so they went back to Quaker Oats and said, '"Hey, we
would like to buy some furfural," and Quaker Oats said, '"We would have to build
a new plant for you and we do not want to get tied up with you because we
know you will walk .away.'" Well, what happened was that they picked the
largest output sugar mill in the world, LaRomana in the Dominican Republic
Centrala Romana. They built a furfural plant using bagasse and it was oper-
ated by the South Puerto Rico Sugar Company using technology transferred or

licensed from Quaker Oats.
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TABLE 3

COSTS OF FURFURAL FROM BAGASSE VS, CORN STOVER

BAGASSE CorN STOVER

IN MiLLions oF 1976 NoLLars

Raw MATERIAL | a3 19.0%8
OPeErRATING COSTS 16,248 16.248
ANNUALIZED CAPITAL CHARGE 7,858 | 9,225
" By-ProbucT CREDITS (10.299) (9,555)
TOTAL ’ 20,95 34,93
CosTt Per Pounp $2.29 _ $0:39

CosT WITH DISTRIBUTION AT 30% $0.38 $0.50
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Then a few years later duPont discovered they could make tetra-
hydrofuran from acetylene and formaldehyde and they said tc South Puerto
Rico Sugar, "Well, find another customer."

Well, nowadays they have found new customers and furfural is short.
Now they are using rice hulls, A new plant is being built by Quaker Oats near
Houston that will use rice hulls in spite of the fact that you get a low yield
and you have a lot of silica, 20% silica, in the material that you use. But
the moral is, when you are dealing with an agricultural product the chemical
firm would rather go find a nice, stable chemical source.

Now, of course, with Arab oil fluctuating up and not down, at least
they know what they can count on. The price of agricultural products go up
and they go down, and uncertainty is something that people making large invest-
ments do not like to deal with. '

Now I would like to say something about ethyl alcohol. The price of
ethyl alcohol distributed is now about $1.15 a gal. If it is bought directly
on the spot it can be had for 80¢, but $1.15 is the published number that we
have been working with, Over a billion pounds are produced annually which means
according to our graph in Figure 2 it falls in the range of a large volume and
low price commodity. Ethyl alcohol is used, as you well know, as a beverage
and also as a solvent and a chemical intermediate. You can make ethyl esters
from alcohol or the alcohol can be made into acid aldehyde which is then made
into acetic acid, and you can make all sorts of chemicals from acetic acid.
Ethyl alcohol once was used for making ethylene. Nowadays, it is made from
ethylene. Ethyl alcohol could be made from grain or molasses if processing
cost comes down.

Now, a number of things have made us wonder whether the cost of
processing ethyl alcohol from grain or molasses is going to come down. We
have heard about some new processes for making ethanol from grain or from
molasses or from any sugar material. There is the so-called Anflow process
that has enzymes tied up on a pipe and it changes the material as the material
flows through the pipe. Professor Wilke has developed a vacuum process
and there are all sorts of interesting things on the horizon. But the process
that we are going to look at is shown in Figure 5.

In this process we take the corn meal and mix it with an enzyme that
converts the starch into sugar, then we cook it. Then we add yeast and we
ferment it. Next we distill it, and from the fermenter and from the distilla-
tion we get the spent grains. We can dry these and sell them for animal feed.

The distillate we run through another still to lower the water con-
tent down to about 5%. We have to do still one more distillation if we want
to lower the moisture content beyond 5%. Professor Scheller has looked at
ways of taking the stillage and instead of selling it for animal feed extract-
ing a high value of human protein concentrate.

Another technique that can be used to improve the economics of this
process is to remove the germ at the beginning of the process, and then squeeze
the o0il out of the germ and sell the oil for use in making margarine. The spent
material goes then to animal feed.
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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 o0il 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 corn 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 same 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 Marketlng
Reporter. So you can see that cost of ethanol depends heavily on the by-
E;EEEEE_Eredlt.

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 59¢ 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 gtillage.
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TABLE 4

COST OF ETHANOL FROM CORN GRAIN

MILLIONS OF 1976 TIOLLARS

- Raw Matcriac, .$2.59_/BUSHEL S |V
OperATING CoSTS | 30.28
Byprobuct Feep CrenIT,

$105/ ToN : (24,46)
AnNuALIZED CAPITAL CHARGE 14,04
TOTAL 59
CosT PER GALLON $1.18
CosT WITH DISTRIRUTION AT 30% $1.53
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Figure 9 compares distillage value with corn value. You see they
parallel each other nicely until January 1, 1976. After that the two prices
diverged. '

Figure 10 compares the cost of ethanol with the credit you get for
selling the stillage. So you can see the problems when dealing with an agri-
cultural commodity. When the stillage credit is high, the process will
produce ethanol economically; when the stillage credit goes down it will not.

In Table 5 we have compared the cost of making ethanol from corn
with the cost of making it from sugarcane. The fermentable juices from the
sugarcane cost 6¢ a 1b. The process for sugarcane is the same .as for corn.
Notice the byproduct credit in the case of the sugarcane is much less because
we do not have as much protein and we have more salts. So our cost for the
ethanol comrn ant albwulb the safie Yiuw Lhe two processes. The problems with
using sugarcane is that we have tn store the juicc for G munths whereas in
the case of curn you ¢an buy grain on the open market all year round and
only have to store a week's worth. So you workinyg capital with corn is much
less.

So as a first approximation we show that the costs of making ethanol
from corn and sugarcane are the same and that both costs are higher than current
costs for making ethnaol from ethylene. Figure 11 compares the cost of ethanol
with the cost of petroleum. From this graph we determine that o0il would have
to cost $20 a barrel before making ethanol from corn could complete with
making ethanol from petroleum. And if we want to use the ethanol to make
ethylene, oil has to get up to $35 a barrcl, before it would be cheaper to
do this than to make the ethylene from petrolcum. And although not shown on
the graph, o0il would have to.cost 385 a barrel before it would pay to burn
alcohol from corn in an automobile.

Questiont Yes, how accurate is your cost estimate? Can yau say
it 18 accurate to '+ 5%7

Dr. Sheppard: If you wanted the cost accurate to 5%, you would
have to build the plant and then see what. your results were afterward.
These are engineering costs and they are off maybe by a factor of 50% on
the high side and 30% on the low side. 1In other words, tliey are not very
dependable until you build the plant yourself.

Now, Professor Scheller is getting bids presently on an alcohol
plant in Nebraska and then we will know the costs better when 4t is finiehed.

We have not really done any engineering drawings on this. So our
estimates are indicative kind of numbers.

Question: Your distribution cost is 30%, does that include your
turn-on investment?

Dr. Sheppard: Now, the cost of $1.18 for the gallon include the
return on capital used in the manufacturing. The 307% is marketing charges
including the profit on the marketing part of the enterprise. In other words,
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TABLE 5

COST OF ETHANOL FROM CORN AND
SUGARCANE

SUGARCANE Corn

MiLLIons oF 1976 NOLLARS

Raw MATERIAL

OreraTING CosTs (INCLUDING
DENATURANT)

ANNUALIZED CAPITAL CHARGE
ByrropucT CrREDIT

TOTAL

CosT Per GALLON
CosT WITH DISTRIBUTION AT 30%

55.8 60,7
22,2 3.3
14.9 14.9
(13.9 (24.46)
/8.5 | 80,6
$1.14 $1.18
$1.43 $1.55
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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 307 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. Sheppard: Ethanol to propanol? Well, you can do it. You can
use oxoprocess approach or you could make ethylene and then use the oxoprocess.
There 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 50¢ to convert it to something
that was just a little bit higher in boiling 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 you can well attest, may be a low number.

Question: That is a very low number. You come up with about $24
on your chart here, using 29¢ 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 storage, 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
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know whether you included storage costs of the stover, but the storage and
the retrieval costs are very high for these materials. I mean retrieval costs
might be as much as $5 a ton.

Dr. Sheppard: This is, in a sense, built into our operating costs.
Or we tried to build it into the operating costs. So we took the cost of
freshly obtained bagasse as a raw material cost and then storing and handling
and spraying it with water every now and then and worrying about a fire if
you do not, and that sort of thing, we put into the operating costs. There
is a philosophical problem that you have here. If your plant has a lot of
bagasse it is a disposal problem and you design your power plant as an in-
cinerator as well as a power generating unit. On th other hand, if you run
short and have to buy fuel o0il at $2 a million Btu or $3 a million But, then
you say your bagasse is worth that much. Now, our $1 a million Btu sort of
assumes that you can use low sulphur coal, which might be true in Louisiana
but not true down in southern Florida. Now, what we are hoping in our sugar
program is to find ways of getting more bagasse in, maybe bringing the leaves
and tops and that sort of thing, so that we do not run short and do not have
to buy external fuel oil.

Question: What was your capital cost for the plant?

Dr. Sheppard: Let's see, that was 69 million dollars for the bat-
tery limits cost, and by the time you threw in all the offsites and extras
it was up to 117 million dollars.

Queston: I think that is low.

Dr. Sheppard: Notice, this is a rather large ethanol plant, 70 mil-
lion gal a year. We use a scaling factor of nine-tenths. We started with a
very complete equipment list for using sugar. Then we took Dwight Miller's
numbers and we compared his with ours and they agreed, and so he is right. We
looked at Professor Scheller's numbers and they were a little bit less, and
so we did not use his, but we are giving him a chance to also talk.

The capital costs are about the same for all three approaches. It
is just the operating costs that were lower in Professor Scheller's case.
So at least the three of us agree on the capital costs.

Now, if you have better numbers--and I called ADM to try to get their
numbers for their wet milliong one and I got a lot of confusion, which I think
was intentional obfuscation.

Question: I think theirs is an easy starch process too.
Dr. Sheppard: Yes, it is, easy starch.

Do you want some more food for thought? Last year we used over 100
billion gallons of gasoline. Let's assume we could replace it with 100 billion
gallons of ethyl alcohol and at 2.8 gal of gasoline per bushel, if you go
through the calculation, it comes out to 40 billion bushels of corn would be
required and last year we produced about 6 billion bushels of corn. So we
would have to increase the amount of corn grown by six- or sevenfold in order
to supply the gasoline market, which is about half of the petroleum that is
used.
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THE USE OF ETHANOL-GASOLINE MIXTURES
FOR AUTOMOTIVE FUEL

Dr. W. A. Scheller

University of Nebraska

Consideration of the use of ethanol as an automotive fuel addi-
tive is as old as the internal combustion engine itself. Otto is said to
have run his first engine on pure ethanol. In 1907 the U.S. Department
of Agriculture published a report entitled "Use of Alcohol and Gasoline
in Farm Engines.'" In 1926 in Britain, Ross and Ormandy published a paper
on the use of alcohol fuel in internal combustion engines. Bridgeman pub-
lished a paper in 1936 in industrial and engineering chemistry on the
"Utilization of Ethanol Gasoline Blends,' and in 1936 the U.S, Department
of Agriculture published a booklet on ''Motor Fuel from Farm Products."

This interest continued to a greater or lesser extent into the
post World War II years and up to the present. Each time the price of grain
has fallen to a low level there has been renewed interest in the use of
grain alcohol as an automotive fuel additive and until recently this con-
sideration has proven to be uneconomical because of the low price of gaso-
line. ©Not until late 1973 when the OPEC countries placed an embargo on
crude oll shipments and increased its price by a factor of about 4 did
ethanol derived from grain have the possibility of competing with synthetic
ethanol (from ethylene) in the industrial market place and with an increased
gasoline price it became an economical additive to unleaded automotive fuel.

PROPERTIES AND PERFORMANCE OF A
GRAIN ALCOHOL BLENDED AUTOMOTIVE FUEL

Ethyl alcohol and gasoline are miscible in all portions. The
presence of the alcohol in solution with gasoline also increases the water
tolerance of the gasoline, Gasoline itself will hold only a few parts per
million of water whereas a 10% mixture of ethanol and gasoline will tolerate
upwards of 0.25% water (depending upon temperatures) before phase separation
takes place. Thus, if normal precautions are taken in the refinery, during
transportation, and at the service station the use of an ethanol-gasoline
blend will insure the driver of a completely dry fuel system in his vehiclae.
To insure that water levels remain low in the fuel throughout the various
stages of blending and handling we recommend the use of anhydrous ethanol
as the alcohol component. Over 2 years of experience including severe winter
conditions at temperatures as low as -35°F have been encountered in our
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Nebraska two million mile gasohol road test program with no problems en-
countered from water phase separatjion. Gasohol is a registered trademark
for a fuel mixture of 10% anhydrous ethanol and 90% unleaded gasoline which
is being studied by the state of Nebraska.

In December 1974, the Nebraska Agriculture Products Industrial
Utilization Committee in cooperation with the Department of Chemical En-
gineering at the University of Nebraska, the Nebraska Department of Roads
and the Cooperative Refiners Association began a two million mile test pro-
gram to compare the performance and properties of unleaded gasoline and
gasohol fuel. To date, about one and a half million miles of driving ex-
perience have accumulated with no problems encountered. Properties of each
blend of gasohol as well as the unleaded fuel used as the gasohol base stock
are determined through ASTM analytical procedures. Drivers submit a weekly
report on fuel conscumption and miles traveled between fillinge. The pro-
perty and performance information presented in this report were obtained
as part of the two million mile test program.

Octane number is an important property of automotive fuel, Ethanol
is a component which as a pure component has an F-1 (research) octane number
of about 106. However, in solutions of low concentrations ethanol displays
an even higher blending octaine number. At 10 liquid volume percent ethanol
in unleaded gasoline this blending octane number is 134 on the F-1 scale.
Figure 1 shows the results of a number of octane measurements as a function
of liquid volume percent ethanol in the unleaded fuel. The scatter of the
data points is within the precision of the octane measurement method. At
the level of 10 liquid volume percent ethanol the F-1 octane number of the
alcohol-gasoline blend will be 4.5 numbers higher than the unleaded base
gasoline used in the blend. The F-2 (motor method) octane number is also
increased. The octane number posted on pumps in filling stations is an
average of F-1 and F-2 numbers and will be increased by 3 at the 10¥% ethanol
level. As we shall see later this ability to increase octane number adds
value to the ethanol because it permits a less costly base stock to be used
for blending gasohol fuel of an octane number equivalent to unleaded fuel
which 1s normally marketed.

A second interesting phenomena that has been found in blending
gasohol fuel is that anhydrous ethanol and gasoline display a positive
volume change on mixing at alcohol levels below about 16 liquid volume
percent. Figure 2 shows the effect of ethanol content on mixture expan-
sion. At 10%Z ethanol the mixture expands by about 0.237 while the maximum
expansion occurs at about 12.5% ethanol and is equal to approximately 0.55%.
Additional ethanol in the alcohol-fuel blend can not be justified econ-
omically on the basis of the expansion difference between the 10% and
12.5% concentrations.
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The normal boiling point of ethanol (172.9°F, 78.3°C) is suf-
ficiently high that it has little or no effect on the vapor pressure and
front end volatility of the unleaded gasoline used in blending gasohol.
Numerous measurements have been made on unleaded base stocks and gasohol
blends and it has been found that the Reid vapor pressure remains the same
or shows a slight decrease of about 0.1 psi when the ethanol is added. The
ASTM D-86 distillation is considered by the petroleum industry to be an
important indication of the vaporization characteristics of automotive fuel.
Figure 3 is a typical D-86 distillation for unleaded gasoline used as the
base stock for gasohol fuel and for the gasohol fuel itself. Both fuels have
the same volume percent distilled verses temperature relatioﬁship for the
first 5% of the distillation. This supports the observation that little
vapor pressure change is found when blending gasohol. Beyond the 57 point
and up to approximately 60% distilled the gasohol fuel shows a lower dis-
tillation temperature (higher volatility) than the unleaded base stock.
Beyond 60 liquid volume percent distilled the two distillation curves can
again be considered to be identical. Drivers of the gasohol test vehicles
have reported good performance with this fuel and also indicated good
starting especially in winter months. On the other hand during the summers
when the drivers have encountered temperatures of 100°F and higher during
the day they have not experienced any vapor-lock problems even at attitudes
close to 5,000 feet. It is believed that the lack of vapor-lock problems is the
result of the front ends (up to 5 liquid volume percent distilled) of the dis-
tillation curves being identical for the two fuels. On the other hand, the
imprnved performance and gtarting in the wiunter monrhs is believed to be
the results of the more volatile nature of the gasohol fuel between the 10%
and 607 distilled points giving more efficient carburation and more complete
vaporization of the fuel with better distribution in the intake manifold.

As mentioned previously a two million mile road test for the com-
parison of gasohol fuel with unleaded gasoline is in progress with approxi-
mately 1.5 million miles completed to date. Engine inspections, valve in-
spections, spark plug inspections, compression ratios, cylinder wear measure-
ments, etc., indicate no unusual wear or deterioration of the engine as a
result of using the gasohol fule. Data on fuel consumption and miles
traveled have been keypunched and computer programs are being prepared for
a complete analysis of the data. Figure 4 contains preliminary results for
the vehicles in the test run operating from the North Platte, Nebraska,
Office of the Department of Roads. 1In an effort to cancel out the effect
of varying weather conditions we have plotted the ratio of the average
number of miles traveled in a reporting period per test car using gasohol
fuel to the average number of miles traveled in the same period per test
car using unleaded fuel. On the Y axis is plotted the ratio of the gasohol
fuel consumed in the reporting period per test car to the unleaded fuel con-
sumed per test car in the same period. The data covered a period of ap-

proximately 1.5 years.
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The point of interest in this graph is that at which the mile
ratio is equal to 1. It is at this point that we have the equivalent con-
sumption of gasohol fuel relative to no-lead fuel. I have drawn a dashed
line on the chart to represent equal rates of fuel consumption. The solid
line on the chart is the best fit of a quadratic equation passing through
the orgin (0,0). This best fit dindicates that at an equal number of miles
traveled the gasohol cars consume about 6.7% less fuel than the cards oper-
ating on unleaded gasoline. Applying Wilcoxon's signed ranks test to the
data indicates that there is a 99 + Z probability that the gasochol cats
are consuming less fuel than the test cars operating on unleaded gasoline.
Similar results have been found using data from Lincoln, Nebraska, test
cars.,

Thus, we see that there are at least three factors which tend to
make alcohol a desirable component for blending with unleaded automotive
fuel. These are the increased octane number resulting from alcohol addi-
tion, the posgitive volume change of mixing, and the reduced fuel consump-
tion of gasohol fiel compared tv unleaded fuel. Iu addition, the improved
volatility of gasohol fuel provides added driver satisfaction through easier
starting of the vehicle especially in cold weather.

VALUE OF ETHANOL AS AN AUTOMOTIVE FUEL ADDITIVE

Let us next examine the value that ethanol has as a component in
automotive fuel. Each of the items to be discussed and their value are sum-
marized in Table I,

1The first icem of value Lhat 1 galluu of ethanol has in 10 gallono
of gasohol is the value of the 1 gallon of unleaded gasoline which it has
displaced. Based on current wholesale prices charged to the state of Nebraska -
for unleaded gasoline used in the two million mile road test program this
figure is 38.56 per gallon of ethanol. But we mentioned previously that the
unleaded base gasoline used in blending gasohol tuel could have a lower
octane number than the unleaded gasoline which is marketed to the public.
It is assumed that the gasohol fuel would be marketed at the same octane
number as unleaded gasoline (92 F-1) and thus the base stock for gasohol
could have an octane that is calculated to be 4.67-¥-1 numbers lower (87.33
F-1). Published information on gasoline value verses octane number indicates
that 1 octane number is worth about 0.45¢ per gallon of fuel. 1In 10 gallons
of gasohol this represents a saving of 18.9¢ in the cost of the unleaded
base gasoline which can be added to the value of the ethanol.

As mentioned previously the gasohol mixture has a greater volume

that the sum of the component volumes by 0.23%. 1In 10 gallons of gasohol
fuel this represents an added value of l¢ per gallon ethanol., 1In the state
of Nebraska the statutes provide that automotive fuel containing at least 10%
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TABLE I

COMPONENTS VALUES OF COSTS CONTRIBUTING TO
THE VALUE OF ETHANOL IN GASOHOL FUEL

\ —

¢/gal ETOH
|
| 1. 1 gal of no-lead displaced by alcohol 38.5
2. Credit for reduction in no-lead 0.N. (1) 18.9
3. Credit for expansion of mixture (2) 1.0
4, Credit for 5% less fuel consumption (4) 32.0
Subtotal 90.4
5. Credit for Nebraska tax reduction (3) 30.0
120.4
Notes: 1. [ 92 -~ 92-134x.,1 1 0.45 x 9 = 18.9¢/gal ETOH
0.9
2. 0.0023
(36.8 x 9 + 88.4 x 1) ——== =
x 1) 1.0023 1.0¢/gal ETOH

3. 3¢/gal fuel x 10 gal = 30¢/gal ETOH

4. 639 x 1.05 - 639 = 32¢/gal ETOH
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agriculturally derived ethanol shall be taxed at 3¢ per gallon less than auto-
motive fuel which does not contain ethanol. In 10 gallons of gasohol fuel
this represents a reduction of-30¢ in tax which can be credited to the value
of the ethanol. Adding these figures together gives a value for ethanol of
88.4¢ per gallon. If a credit for 5% less fuel consumption is added to the
value of the ethanol i.e., 32¢ per gallon then the value of ethanol as an
~automotive fuel blending stock is $1.20 per gallon., Furthermore, since it
is possible to adjust the mark-up perwitted to the service station owner it
is possible to use ethanol purchased at a value between 88.4¢ per gallon and
a $12.0 per gallon to blend an automotive fuel which can compete with un-
leaded gasoline in the market place. Table II shows details for such a fuel
assuming sale in Lincoln, Nebraska. All figures are based on recent prices
paid for gasohol used in our two million mile gasohol road test program.

ECONOMIC OF ETHANOL PRODUCTION FROM GRAIN

The process for converting the starch in grain to ethanol has been
known for over 4,000 years. The cost of a plant to produce anhydrous ethanol
from corn or milo at thc rate of 20 million gallons per year is estimated to
be $23 million.

The cost of converting the grain to ethanol and cattle feed is ap-
proximately 31¢ per gallon of ethanol and the value of the byproducts is &44¢
per gallon of ethanol. Assuming that the $23 million required for the plant
investment 1is obtained by securing private capital in the amount of $7 mil-
lion and Lhat a loan is obtained ar 10% interest tor theé remainiug $16 million
and in addition $3.5 million 15 borrowed for the initial working capital
the market price for ethanol can then be established if it is assumed that
a 20% rate of return on the private investment capital of $7 willion is dec-
sired. .Table III contains information on the price of producing ethanol
from corn or milo at different graln prices. As can be seen from the re-
sults in this table it is possible to produce anhydrous ethanol in the de-
sired price range of 88¢ per gal to $1.20 per gal.

CONCLUSIONS

Grain alcohol has certain desirable properties when blended with
unleaded gasoline such that its value as an automotive fuel component lies
within the range of values for which ethanol can be produced from grain, Since
the production of grain and its fermentation are less closely coupled to
the price of crude oil than is the price of gasoline it further appears that
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TABLE TII

COMPOUTED PUMP PRICE FOR GASOHOL - 3 November 1976

Item ¢/Gal. ¢/Mile*
No-lead base gasoline, 34.3¢/gal 30.8
Anhydrous ethanol, $1.10/gal 11.0
Transportatin to Lincoln, Nebraska 3.3
Station Mark-up 9.3
Subtotal 54.4 3.5
Nebraska state tax (incl. 3¢/gal credit) 5.5
Federal tax _4.0 .
Pump price of gasohol 63.9 4.1
Current median price of no-lead
gasoline in Lincoln, Nebraska
(5 major brands) 63.9 4.3

* Assumes 15 miles/gal on no-lead and 5% better mileage for gasohol.

215




91¢

TABLE III-

_.COSTS FOR PRODUCING ETHANOQL
BY GRAIN FERMENTATION

Elevator Price, No. 3 Ccrn/Bu Elzvator Price, No. 2 Milo/Cwt.
A $2.00 $3.0C $3.00 $5.00
Grain Costs (1) 67.5 101.2 57.8 96.3
By-Product Credit (2) -43.7 -43.7 -45.7 ' -45,7
Net Grain Cost 23.8 57.5 12.1 50.6
Conversion Cost (3) 30.0 30.0 3.0 31.0
- Interest on Loan (4) 9.8 9.8 9.8 9.8
Ethanol Cost 63.6¢7gal. 97.3 ¢/gal. 52.9 ¢/gal. 91.4¢/gal.
Depreciazion (5) 11.5 11.5 115 11.5
Taxes (5)%) - 7.0 7.0 7.0 7.0
20% Return (6) 7.0 7.0 7.0 7.0
Ethanol Value - 89.1 ¢/gal. 122.8 ¢/qgal. 78.4 ¢/gal. 116.9¢/gal.

NOTES: 1. Assumes 75% marketable grain plus 25% distressed graLn at 50% of the marketable

grain price.
2. §$120 per ton from corn and $116 per ton from milo based on protein content.
3. Based on Coal as the fuel source.
4

. a) Plant Investment $23.000,000 b) Private Capital $ 7,000,000 ¢) Plant capacity is
Working Capital 3.500,000 Loan (10% interest) 19,500,000 20,000,000 gal/yr
Toial Investment $26.500,000 Total Investment $26,500,000 anhydrous ethanol

5. Depreciation is 10% per year on $23,000,000 plant investment.
6. Return is 20% on $7,000.000 of private capital invested.
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grain alcohol will become more attractive as an automotive fuel additive

as the price of gasoline and crude oil continue to rise. Since there is

no shortage of starch in the world and since the use of by-product cattle
feed from grain alcohol manufacture results in increased weight gain in
cattle over that obtained with whole grain, the production of alcohol

from grain does not remove needed food from the market place. Furthermore,
since more ethanol can be made from low quality grains unsuitable for human
or animal consumption and since the by-product cattle feed is suitable for
use even more new protein can be introduced into the market place for human
consumption.

Since grain supplies are not adequate to provide for the produc-
tion of sufficient grain alcohol to blend 10%Z in all gasoline in the United
States it is concluded that the gasohol program is a regional program which
will find applications in grain producing areas of our nation.

Question: Have you ever throught about putting this down at
New Orleans? That is where the spoiled grain is.

Dr. Scheller: ©No, I have not looked at a New Orleans location, but
you are certainly right, there has been a lot of bad grain down there. And
under the new standards I guess we cannot sell it as quality grain either.

Question: When you say that, through, then I want to get into the
argument because the grain that you are talking about is so contaminated that
I assure you you will not be able to sell the by-product grains. In other
words, it will contain aflatoxin and all that. I am sure it will be condemned
and you cannot take the credit that he is saying you can get by avoiding this.

Question: What do they do with the grain down there:

Dr. Scheller: You notice that we had net grain values after the
by-product credit in the order of 12¢ or 20% per gallon of alcohol produced
and if we consider that we get 2-1/2 gallons from a bushel, that means we
would have to be able to buy this poor grain in the order of at something
like 50¢ a bushel in order to be able to afford to throw away the cattle
feed and not sell it into the marketplace.

Question: If all the gasoline sold in Nebraska was gasohol then
who would pay to maintain the roads?

Dr. Scheller: Oh, this tax credit does not, as you saw, take
away all of the road taxes. On the ¢ ... hand, there is also a bill in the
legislature to raise the gasoline tax 1¢ per gal. I am sure that we should
view this tax credit as only an intermediate incentive to developing an
alcohol blended fuel and that as the price of gasoline continues to climb
that we should expect that this tax credit is going to back off until we
are in a position where the addition is competitive.
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Question: Having commented very favorably on the road test pro-
gram, the economics, the availability of the grain, my question is, is the
state of Nebraska or the state plus the private sector near to investing in
a plant or plants of the type you outlined?

Dr. Scheller: Yes, on the 10th of January articles of incorpora-
tion were filed with the Secretary of State of the state of Nebraska to in-
corporate the Nebraska Grain Alcohol and Chemical Company, a private enter-—
prize, with the announced intention of building a 20 million gallon per year
grain alcohol plant in Nebraska. As you can tell from the name of the com-
pany, in the articles of incorporation is also the intention of producing
_ other chemicals and also carrying out the permission to carry out any bus-
iness legal under the Nebraska statutes.

But the incorporators, the directors of the firm have made pre-
liminary contacts with underwriting and brokerage firms. The plans and nec-
essary information are being developed to obtain SEC clearance for the sale
of stock. When .this clearance is obtained, why, a stock sale will be made
and the balance of the funding will be borrowed. For example, the plant is

.eligible for industrial development administration bonds, so long as they
locate in a community where the community also qualifies, and so forth.

Incidentally, to put this in perspective, I was on a site visitation
last Monday to a town in Butler County, Nebraska. Butler County's grain pro-
duction is 8 million bushels per year. It is not assumed that if the plant
were there it would buy all the grain in the county, but to put this thing in -
perspective we are talking about an amount of grain that is about equivalent
to the production of one county in the grain producing areas of the state.
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THERMOCHEMICAL PROCESSING OF CORN
J. L. OTIS

BATTELLE COLUMBUS LABORATORIES

Dr. Sheppard and Dr. Scheller spoke about what can be done with
corn products and residues, for example, furfural, ethanol and gasohol.
My speech is somewhat a continuation of the same subject. We will look at
what else we can.do with these materials. I will be discussing some of the
thermochemical conversion processing of these materials.

The feedstocks that I'm going to be talking about are of two types.
One is the corn stover, the residues typically left in the field. Another
one is the residue from furfural manufacture which Dr. Sheppard previously
discussed. I will be looking into (l) power generation from these materials,
(2) conversion to synthesis gas, (3) the various products that can be pro-
duced from these materials, (4) some description of the synthesis gas pro-
cesses, and (5) the conversion processes to the various products that can
be produced from the synthesis gas. We will be talking basically from an
overview point of view. We will not be discussing very many details at all.

In the area of power generation, which is my first subject, in
order to obtain good thermal efficiency we feel as though we must reuse the
steam in other processing, so in these calculations for the most part we
will see a major byproduct, steam cracking. As we will show you from the
cost data, generally the economics for power generation from stover appear
to be relatively poor. However, when we turn our attention to the utiliza-~
tion of the residue generated from furfural manufacture, we do find that the
economics turn out to be much more favorable. However, when we do take a
look at furfural, we find that there is only a few plants that can really
be built to supply the rather limited needs of furfural at the kinds of
economics we are showing here today.

Figure 1 shows the furfural process. The residue that we are talk-
ing about using for power generation is the residue from the screw press out
of the furfural manufacturing process.

In Table 1 we take a look at the economics for the power genera-
tion from stover. We began by assuming we would use 1,522 metric tons per
day dry basis weight. We valued this at $40 per metric ton. The economics
of stover collection may prove out to be that we might have assumed a mod-
estly lower number for the value of the corn stover. The scale of plant that
we are talking about is only able to produce 39 megawatts. With stover valued
at $40 per ton, a very major cost element in the annual operating cost is
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TABLE I

POWER GENERATION FROM STOVER

STOVER: 1522 METRIC TONS/DAY
$40/METRIC TON

POWER: 39 MEGAWATTS

ANNUAL COSTS: MILLION DOLLARS
STOVER 20,09
OPERATING 3.96
CAPITAL CHARGE 5.30
STEAM CREDIT (-10.24)

—_—

$19.11
Power cosT:$0,061/kwH

By-ProDUCT STEAM AT $2.28/1000 PouNDS

¥ 3 % % 3 % 3 % ¥ 4 3t %

IF NO BY-PRODUCT STEAM REQUIRED
POWER: 68 MEGAWATTS
Cost:  %0.055/kwH
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the $20 million for the stover. Our operating costs are a small factor, as
is the capital charge. And we are taking a rather large strain credit of
roughly $19 million per year.

Given these values, we compute a power cost of 61 mills per kw-hr,
which is relatively high. As a point of interest, in this case we are taking
steam off at 50 pounds and also 20 pounds with a byproduct credit taken as $2.28.
That appears about right.

On the other hand, if we had not taken any byproduct steam out of
the plant at all, we could have produced with the same material, same basis,
about 68 megawatts, with a cost of around 55 mills per kw-hr.

Tahle 2 is the same type of table where we have computed the cost
of power generation from the furfural residue. Now, you will recall that
Dr. Sheppard valued the residue that he took out of the furfural plant at
roughly $1 per million Btu's. Well, these are the kinds of numbers that I
have shown on this particular table. We have assumed we would use the res-
idue from making furfural out of 1,522 metric tons of stover. Our yield of
residue is roughly 70% of that total. The residue contained 357 moisture
and we valued it at $1 per million Btu's producing 27 megawatts. You will
rccall in the other table a major portion of our cost was the cost of stover.
In this analysis it's much smaller. Again, we took a major steam credit,
giving us an annual cost of $5.65 million with a power cost of 26 mills per
kw-hr and our byproduct steam has been valued herein at $2.87 per thousand
pounds.

Now, this steam is actually taken off at 150 1b per square inch and Is
reapplied directly into the furfural process, so we can, because of the
higher pressures that we are employing here, value the steam at much higher
value per thousand pounds. ’

Well, when we go into thermal conversion processes what are the
products we get? In synthesis gas the real products that you areée looking for
are carbon monoxide and hydrogen. Unfortunately, you end up with some water
and carbon dioxide in limited quantities. 1In biomass conversion, there is
one nitrogen produced. A little bit of hydrogen sulfide is produced, and
depending on the process employed, various quantities of low molecular weight
hydrocarbons such as methane, ethylene and ethane are produced.

In general for the conversion of the synthesis gas to products
like methanol and methane, you do not want the nitrogen in your gas. With
ammonia you do want some nitrogen in your gas. However, if you used air
directly, you would produce and handle too much nitrogen in that material
and the process really wouldn't work, so this is why we want to avoid pro-
ducing nitrogen with the other gases. The products that we can produce from
the synthesis gas include ammonia, methanol and methane.
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TABLE 11

POWER GENERATION FROM FURFURAL RESIDUE

FURFURAL RESIDUE: FroM 1522 METRIC TONS/DAY STOVER
$1/MILLION BTU

POWER: 27 MEGAWATTS

ANNUAL cosTS: MILLION DOLLARS
RES1DUE 5.05
OPERATING 3.06
CAPITAL CHARGE 4,71
STEAM CREDIT (-7.17)

5.65

Power cosT: $0.026/kwH

By-pPropucT STEAM AT $2.87/1300 PounDs

223




Now, what is it that we want for manufacture of chemicals such as
ammonia, methane, and methanol? Well, we want relatively high ratios of
hydrogen to carbon monoxide. With ammonia we want no carbon monoxide ending
up in the stream. With methane we want a ratio of 3 parts hydrogen to 1 part
monoxide. With methanol the situation is a little bit different, we prefer
a ratio of approximately 2 to 1 of hydrogen to carbon monoxide. As you can
see, we do have to search for obtaining the right ratio of these two primary
components when we apply our conversion process to the end product. TFortu=
nately, there is the water shift reaction, which is a relatively low cost
process, to give us the right ratios.

It's preferable for running the water gas shift reaction to have
the proper ratios and conditions of pressure, temperature and moisture con-
tent in order actually to operate the water shift reaction.

Well, what do we want when we go to fuels? Well, again we want
Btu's, which is another way of saying yield. We also want the yield for
the chemicals. We do waut tov end up with adequate pressure when we are
through producing our fuel to actually forward the fuel to the final user
of the proudct. And in order to have a relatively high net heating value,
and for proper burning characteristics, we do want to produce a relatively
dry material. That's not quite as true as when we were looking at the chem-
icals and we need some water to run the water shift reaction.

We have looked at several candidate synthesis gas processes. We
have looked at the Purox moving bed, which is a Union Carbide process,
we have looked at the Pullman-Kellogg molten salt process, the Kuppers-
Tntzek fluidized bed, the Bailie-Fluidized Bed process, and the COy Acccptor
process.

To the extent that we have studied these processes to date, our
conclusinn is that there are really no clear winners or losers in this. We
end up with a lot of yes, it looks favorable, and there are thcse advantages,
but there are these other problems. So with almost all ul Lhese piBeesses
we have a '"yes, but" situation and really the only way that we can really
establish what process would work best is by some real pilot plant work.

We have looked at these five processes. There are quite a number of others
that might be possible and all we have done is sample those that we feel
are the most likely.

I might mention that most of these processes are basically pool
processing types of synthesis gas processes. When we look at stover or fur-
fural residue as feedstock it does have some advantages. It is a relatively
fine material. Therefore, we end up with a higher reactivity basically than
what one might find with a rather hard granular type product called coal.




Conversely that same fluffiness problem also turns out to be one of the major
disadvantages. We have heard that in some cases there is concern that this
fluffy material is very likely to blow right out of the reactor or out of

the gasifier. So some of the people that are most acquainted with out pro-
cesses are quite concerned about whether or not we can really handle these
materials.

Another disadvantage of the stover or furfural residue is its
relatively high moisture content. By and large there is a little bit too
much moisture there. We have considered some various types of drying pro-
cesses for the gas.

Figure 2 is a flow sheet of the Purox process. The material comes
down through a feed hopper through a couple of seals and drops into a shaft
furnace that is a gasification zone. The gas is taken off from here and
moved into a gas cleaning train. The primary gas that we introduce in this
process is oxygen. It goes through a combustion zone, burning the char, and
eventually works its way up countercurrent to the falling solid material and
on over into the gas cleaning train.

The Purox process operates at roughly atmospheric pressure. As
is implicit from the diagram of Figure 2, an oxygen plant is required. And
the way that it's been proposed to operate the Purox process is with a water
quench that drops the temperature of the gas to roughly 180°F. As a consequence
one does remove much of the moisture that was generated in the hydrogasitica-
tion during the water quench reaction.

As I believe I mentioned before, the Purox process has been developed
by Union Carbide. They have operated a 250 tons per day demonstration plant
in South Charleston and are proposing the installation of a plant to be oper-
ated on municipal solid waste in Seattle, Washington, to produce ammonia,
according to our most recent understanding. Again, we are concerned about a
fluffiness problem. However, Union Carbide feels that this is simply a de-
sign problem that can be solved.

What kind of compositions do we have coming from the Purox process?
Table 3 shows on a dry basis the concentrations of various products. As I
mentioned before, what we want to produce is a high yield of the combination
of hydrogen and carbon monoxide and hopefully at lesser concentrations of
carbon dioxide. Production of hydrocarbons is nice if you are producing
methane. However, they can work to your detriment if you are producing
ammonia or methanol, and must be removed in order to operate the proper con-
version process in these kinds of concentrations. IHydrocarbons up to about
5% are reasonable, but when you begin to exceed about 5% hydrocarbons it does
begin to get sticky because of the way the processes act.
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TABLE IIIX

SYNTHESIS GAS COMPOSITION FROM PUROX® PROCESS,
MOLE PERCENT

STOVER
co 45,1
H2 28.2
C02 16.1
HYDROCARBONS 10.2
N2 0.4

100.0

NET HEATING VALUE
BTU/SCF 340
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We refer the the gas produced from the Purox process as a medium
Btu gas with heating content of roughly 340 Btu's per standard cu ft.

What kind of economics do we have from the Purox process? Table 4
compares the costs of producing synthetic gas by the Purox process from
stover and from furfural residue. The figures shown on a wet basis with
the moisture content for stover at 207 arid with the furfural residue at
35%. All the processes that I'm going to be describing for these kinds
of synthesis gas processes have a fixed quantity of carbon monoxide plus
hydrogen in order to operate our conversion processes that we will dis-
cuss later on.

In terms of millions of Btu's prodiiced per day, bLuth wmaterials
produce the same amounts. The major difference in these figures from Table 4
is the cost of the raw material. 'The difference in the cost ol the stover
and the residue is more than a factor of 2 because of the way we valued our
furfural residue. The major difference in gas cost in terms of dollars
per million Btu's, is that gas from furfural cost $3.05 and the gas cost
from stover is much higher than that at $4.95.

The annualized capital charges, are identical to those as men-
tioned by Dr. Sheppard. We have included sinking funds to return prin-
cipal to both equity and debtholders, 147 return on investment, and an 8.75%
return on the interest of the 607 debt.

Our cost analysis for synthetic gas from corn stover assumes
that the corn stover cost $40 per ton. At this price, the gas cost $4.85
per million Btu's. Figure 3 shows the sensitivity of the final gas cost as
a function of the raw material cost. For example, had we chosen $20 per
ton for corn stover the cost of natural gas becomes a much more favorable
$3.40, which is beginning to come close to the numbers that we had with
the furfural residue.

I would like to show you another process referred to as the
Kellogg's molten salt process. TFigure 4 is a schematic outline of how
this process works.

The feed is fed into a molten saltbath for very intimate mixing
and complete gasification. This process is also oxygen blown. On econom-
ics this process seems to be very comparable to the Purox process.

The mmique thing about the Kellogg molten salt process is that
it does come out at high pressure temperature and, therefore, because of
the way it behaves we end up with a lot more moisture content.

Table 5 compares this process with the Purox process for cost.
This comparison is based on furfural residue. The gas cost for dollars

per million Btu's is about the same for the two processes.

The Bailie process is a two fludized-bed process. Here is prin-
cipal advantage is that no oxygen plant is required. Combustion occurs
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SYNTHESIS GAS MA

FEED
AMOUNT--METRIC TONS
MOISTURE CONTENT,
CosT

PRODUCT--MMBTU/DAY

ToTAL CAPITAL EMPLOYED $65,600,000

AnnuaL CosTs:
STOVER/RESIDUE
OPERATING
CAPITAL CHARGE

Gas CosT:
$/mMM BTU

TABLE IV

NUFACTURE--PUROX® PROCESS

STOVER FurryurRAL RESIDUE
2,131 2,866
YA 20 35
$40/DRY TON $1/MM BTU
23,350 23,350

$60,700,000

MitLions oF DoOLLARS

22,50 9.40
/.53 8.13
1,33 2,99
37,36 23,52
4,85 3.05
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TABLE V

SYNTHESIS GAS MANUFACTURE--MOLTEN
SALT PROCESS ON FURFURAL RESIDUE

MoLTEN SALT o Purox

FFED-METRIC TONS 2,922 2,866
MOISTURE CONTENT 7 - 35
cosT $1/MM BTU $1/Mm BTU

PrODUCT - 86,8 MMSCF/DAY - 23,350 MM BTU/DAY

ANNUAL COSTS MiLi1oNs oF DoLLARS
RESIDUE 9,22 9,44
OPERATING 8.05 8.13
CAPITAL CHARGE 6,65 5.99

28,43 | 23,52

Gas CosT

$/MM BTU 3.10 5.05
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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 estimatee were prepared, One cost estimate was prepared that
assumed that stover from a 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 projected 1980 price of ahout $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 chem systems type of
technology wherein they have proposed a three-phase methanation or com-
bination methanation/shift catalyst system be used. In this system, the
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TABLE VI

AMMONIA MANUFACTURE--690 SHorT Tons/Day

ANNUAL CosTs MitLionNs OF DOLLARS ,
‘FURFURAL
Purox PROCESS: STQVER RESTDOE
PUrROX GAS ' 37.36 23,52
(PERATING 11.71 11.71
CAPITAL CHARGE 9.10 9,10
: 58.17 4y, 33
MoLTEN SALT PROCESS:
MOLTEN SALT GAS 23.91
OPERATIONG 11.71
CAPITAL CHARGE ' 9,10
44,72

AmmonIA CoST--DOLLARS PER METRIC TON

Purox ProcESS 281 214
MOLTEN SALT - 216

DOLLARS PER SHORT TON

Purox PROCESS 254 : 193
MOLTEN SALT 196
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TABLE VII

METHANOL MANUFACTURE VIA PUROX PROCESS--430 Tons/Day

AnnuaL CosTs | MILLIONS oF DOLLARS
URFURAL
Smyf.ﬁggm
PUROX GAS 37.36 23,52
OPERATING AND CAPITAL 9.75 9,75
47,11 33,27
MeTHANOL CoST DoLLARS PER GALLONS

1.09 0.76




catalyst was suspended in some liquid such as kerosene for the methana-
tion. Also with chem systems process no recycle is required.- This fact
enables us to save as much as 25 to 35 cents per million Btu in the pro-
duction of methane.

A second process that would make the production of methane from
residues and furfural more economical is the Syngas Recycling Corporation
process. In this process we are using two separate beds for the Syngas
preparation in which no oxygen is introduced during the hydrogasification
step. It is kind of a two-bed operation like the Bailie process or the
COZ acceptor process. However, the oxygen is introduced with a char gasi-
fication. It is hoped that this process will increase our initial yeild
of methane during the first step.

The Syngas Recycling Corporation process has two advantages.
The gas ends up to be more pressurized at its effluent pressure and there
is a higher initial methane yield. But the cost of the methane gas from
this process is $6 per million Btu's. That's pretty high when we are talk-
ing about 51.42 at the well lLiead fur nalural gas.

I would like to make a few comments about the results of our com-
parison of the cost of using corn stover and furfural with the cost of using
bagasse which is the fibrous material left over from a sugarcane extraction.
Corn stover basically yields products that cost more than the products from
bagasse primarily because of two considerations. One, stover has less
lignin content per dry ton, which gives us a lower energy content at the
beginning. And two, we have alrcady collected our bagasse at the sugar re-
finery, so it's delivered at virtually no cost. So we can really talk
about $1 per million Btu being a reasonable value for our bagasse.

However, simply because of the way we played the ball game and
valued our furfural residue at $1 per million Btu, obviously we. will come
up with comparable economics for bagasse and furfural. It's implicit in
our assumptions. The lignin values and therefore the cnergy contents are
similar on a per ton basis because in the case of furfural we have con-
centrated the amount of lignin in the stover. The big problem with fur-
fural residue is that we can't put in enough processing plants without
overwhelming the market with furfural.
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SYSTEM CONSIDERATIONS

E. S. Lipinsky

Battelle Columbus Laboratories

I'm going to talk for a few minutes concerning systems considera-
tions. Essentially what we want to note here is that we do not have a special
energy plantation or anything like that . that has to be built. Instead, we
are talking in this conference about things that farmers can start doing
right away if there is a good profit margin involved for them. If one zood
tree plautation were started now, the first harvest would not be for 6 years.
So, the first tangible payoff would be 6 years from planting, whereas farmers
could be gathering stover right now if they could find a price for it. Of
course, it is going to turn out that there will be competition with food and
feed applications for this biomass output. And ultimately, in this country
the market mechanism is going to allocate the corn among the various users.

Let's just take a look at a couple of 'what if's'" here. What if
in some year like 1990 or whatever, the United States is using a hundred
quads of energy? If we wanted to get 1% of that, that is 1 quadrillion Btu
of energy, from corn grain by fermentalivu, we would essentially have to fer-
ment 4 billion bushels or about two-thirds or three-quarters of the corn .
grain that we usually produce. Of course, by the time we wanted to make that
much ethanol, we might be able to expand our corn acreage to the point where
we are talking about half the corn going that way. Still that's a tremendous
amount and what it really says is that if we try to think in terms of produc-
ing a quad from corn grain, we are thinking too big. We are thinking like
a petroleum outfit and not like the scale that one usually works on here.

Let's take a look, though, at the corn stover that's being left
out there in the field. If we were to burn up 120 million tons of corn
stover, which would be leaving enough on the soil so that not too many en-
vironmentalists would kill us, we could get close to 2 quads. But if we used
any kind of an energy conversion process that got us a 50% efficiency we
would be back down to a quad. So really in order to get 1 or 2 quads from
corn, we have to scurry around and pick up almost a hundred percent of the
stover that's not needed for the soil, which again is something that really
is not all that feasible.

Let's look at it another way. Let's talk about taking 10% of our
corn grain and converting that to ethyl alcohol. And basically, this idea
looks a lot better because that's more like what we could expect to collect
and it would give us about 1% of our motor fuel needs. But, as Dr. Scheller
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pointed out, this would be concentrated in a few grain producing states and
perhaps would be 5% of those grain producing states' needs.

However, using ethyl alcohol will require some very cooperative
state legislatures and we don't know how the legislatures are going to look
at this type of thing. I think it's better to think of it in terms of the
amount of ethanol we produce from corn grain will be roughly six times the
current market for industrial ethyl alcohol and we believe that the economic
crossover point on industrial ethyl alcohol is virtually here now. So es-
sentially that's the way one could go. And from the chemical industry's
point of view, you might say that this type of renewable resource, then,
is very likely to be a big success. From ERDA's point of view, making all
the ethyl alcohol in the United States i$ a vetry samll thing compared to the
size of the total crisis.

And incidentally, we believe that petroleum would have to rise an
inordinate amount in order for ethylene production from biomass to become a
serious possibility right now and that we should not be sitting around think-
ing about '"pie in the sky' on ethylene in the year 2000. We should get to work
on the things that work now.

Let's take a look at what we might do with the stover material.
Essentially if we make our furfural from stover--and let's not worry about
the economics of that at this point, the previous speakers have gone into
that--essentially we can get our residues cheaply enough to make a lot of
ammonia from the residues. Now, notice I say a lot. 1In order to produce
a lot of ammonia, we are talking about having to expand furfural demand by
a very large margin and we will get into the possibilities of daing that in
the research and developient section.

Figure 1 shows the way our corn is used now and how we might
change that use in 2000. Currently in corn grain we are exporting around
30% and one could visualize dropping down on the exports a bit. And, if
we didn't use quite as big a percentage of corn grain for animal feed then
in the year 2000, perhaps we could be using a fair amount of corn grain for
fuels and chemicals. This would be a very fluid situation and it would de-
pend on how much the farmer thinks he can get by selling his grain for vari-
ous uses.

The corn stover situation is one that I would like to dwell on
just for a moment here. Figure 2 shows how we have alotted current and
future corn stover use. We have assumed here that there is about a 35%
need of the soil for corn stover, that is so that we don't have the erosion.
This 35% will be constant. Right now about 107 of corn stover goes into
feed, so we have got a lot of stuff lying around in the soil that's really
not helping it that much and I'm calling that redundant material. And we
can envision that over a period of time if buyers of corn stover such as
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Quaker Oats and The Andersons and others were joined by additional buyers
then one could get to the point where both the feed use and the chemicals
and fuels use of corn stover expand.

The farmer has got to decide what to do with his corn stover,
whether to feed it to his cattle, put it on his soil or sell it to somebody
else, and he's got one of the sharpest pencils in the country as to how that
will work. Once the stover gets to the processor, that processor has to de-
cide whether the price of fuels is high enough so that he will be in the fuel
business or whether he would rather stay in feeds or chemicals or whatever.
The same sort of considerations apply to grain. A diagram of these decision
processes is in Figure 3,

So here we have a situation in which we are looking at an inter-
esting opportunity for the farmer. The farmer who sells his corn stover
for making furfural or ammonia or whatever is also a big buyer of fertilizer
and feeds. 1If he's making a deal in his local community where he can be as-
sured of getting urea for feeding use and fertilizer for corn planting in
exchange for selling his corn stover, then the whole process begins to have
a very good fuels and chemicals systems feel to it. There is a motivation
for the farmer to price his thing he's selling at a reasonable price and
there's a motive for the man processing the stover to be equally reasonable
because he's got a plant that he can't move away from that area. He's got
to deal with that farmer year after year.

In the corn grain situation, one could be making ethanol primar-
ily for chemicals use. Essentially we are saying that the ethylene and
major polymers use is a long term future deal.

So the conclusion that we come to in this systems considerations
is that the corn all by itself is certainly not going to solve any great
big energy problem such as the United States has. It does have some essen-

tial roles to play, espccially since this sort of toll ammonia system
may represent a very nice bridge that will get the farmer accustomed

to selling to a chemical manufacturer instead of to his traditional mar-
kets. The corn, of course, is going to have to fight it out with sugar-
cane for ethanol markets and, or course, Battelle is on both sides of
that fence. We reported last fall on sugarcane, and sugarcane is a lot
less optimized as a system than is corn. We can see some ways in which
the yields of sugar and the cost of sugar as raw sugarcane juice in the
United States can be brought down a lot. However, we have not found com-
parable cost efficiencies of future things to be done with corn, simply
because the corn people have done such a splendid job up to now. How-
ever, we think that corn will have some success but that's going to await
research. ’
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RESEARCH AND DEVELOPMENT OPPORTUNITIES
E. S. Lipinsky:

Battelle Columbus Laboratories

Now we come to the research and development opportunities. Remem-
ber that corn is not identical in its composition to things like coal or
petroleum. It's wet compared to petroleum and coal, it's got a different
carbon content, it's more reactive, it's different. The corn residues we
feel are greatly underutilized. These residues have got a lot of poly-
saccharides and not much lignin which suggests something. Mainly, that
this is a lot better material to try to hydrolyze than is wood. We feel
that the people who are looking at trees fur hydrolysie are Tmoking at the
wrong raw material. Corn residue would be nice for hydrolysis.

However, we do know from Professor Wilke's experiments and others
that enzymes are slow and they are costly, so that's a long range situation
that we should not stop working on, but we just shouldn't expect any big
commercial results soon.

Where can we get some commercial results sooner? One thing would
be to do one of these acid hydrolyses. The trouble with acid hydrolysis is
that people have tended to act like a hroken record. They used the same
dilute, strong acids decade after decade starting in the 1900's, sulfuric
acid, hydrochloric acid, and you get processes that are terrible to con-
trol. And the reason goes back to some basic physical, organic chemistry,
which is that when you make the sugars from the polysaccharides, the sugars
are more readily clobbered by acid than are the polysaccharides in some-
thing like corn stover. So you get a mess.

Now, there were some processes with strong acid, but those
need a magic recovery system, which nobody has invented. So let's see if
there. is a way out of this.

Well, surprisingly, the weak acids like acetic acid have been looked
at very little. There is a nice interesting patent by a man named Snyder
in the late fifties and virtually no other work on acetic acid. So by
using a weak acid in a buffered solution one can get a situation where
the polysaccharides tend to hydrolyze well, but the acid isn't sufficiently
strong to do these dehydrations.

Figure 1 suggests a method for hydrolysis using a screw convey-
or. In this process, you would take the corn residues, the stover and
slurry and push them through a screw conveyor with steam to get your tem-
berature up. When you’have got that stuff hot, you put in one of those weak

243




CORN RESIDUES
SLURRY

l

NI

[
NAWN
N\

N

ACID

SUGGESTED HYDROLYSIS PROCESS USING SCREW CONVEYER

LIQUIDS

B

VAR

LIQUIDS

LJ}-{souns
}




acids like a citric acid or acetic acid and run it through for the appro-
priate length of time. At the end of the heating with the acid, you squeeze
the liquid out of the material. And one could hope by controlling the con-
ditions to end up with a very fast reaction, but a very gentle reaction for
hydrolyzing corn and stover. We think that's what ought to be looked

into.

The benefits we could expect would be that you would be upgrading
your stover. You no longer have to worry so much about whether it's $25 or
$36 per ton if what you are doing is making sugars out of it. However, I
should point out right away that as soon as we have got those hydrolyzed
sugars there, we have got something that competes with molasses that's worth
$80 a ton and we may find that the durned cattle and other animals start to
eat the stuff up. But it does give us a pretty good chance on getting some
chemicals like ethanol more inexpensively. We do have some other drawbacks
here in that, as well as the simple sugars, we get a bunch of sugars that don't
ferment to ethyl alcohol all that well and we do get some disacchrides.

Well, without going into all of the research needs in detail here,
some of the areas that would need to be investigated are: (1) which acid
would we use (2) which buffer (3) what concentration of the acid would we
use (4) what temperature would the process proceed at and (5) for what
amont of time (6) what would be the concentration of our feedstock, and
(7) what parts of the corn stover would we use (8) how fermentable would
our end product be and (9) how edible as an animal feed? You can see
that an extensive amount of research is still required.

Another area that we feel deserves some research and development
is producing synthetic natural gas by anaerobic fermentation of corn resi-
dues. It would provide a moderate level of energy production, but would
possibly be quite low in cost. We have already said that stover is low in
lignin and everybody who tries to do anaerobic digestions keeps complaining
about lignin. So surely we should be able to succeed in making synthetic
natural gas from corn residues and that was what I thought when we first
wrote one of our draft reports.

But when we looked into it, we found that some of this work has
been undertaken by Buswell, who is the best of the anaerobic digesters. But
he could only get about 30% of the theoretical yield of synthetic natural
gas from cornstalks in 15 days and he left fermentations or anaerobic di-
gestions go for 100 days without them being complete.

But one of the key things that Buswell did not properly look at
was the particle size of the'corn residue. That is, we have a whole great
big monograph of his, and he worked a great deal with shredded products
but not with fine particle sizes, and so he was probably encountering a
diffusion problem.
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Now, we were pleased to find recently that the University of
Missouri has looked back into this area, but they still get only about a
half of the product consumed or maybe somewhat more than half in 40 days.
So there are some funny things going on in here and it may be simply dif-
fusion or it may be some strange pentose, metabolism or whatever.

But at any rate, what we decided was that if nature wants to leave
these fibers intact let's not argué with her too much. Figure 2 shows a
suggested digestion process. The idea would be to bring the residue. into
an anaerobic digester and count on the fact that it's the fine particles
of this material and not the good fibers that are going to ferment first.
So we make this a separations deal that may go around and about several
times where we are digesting the less suitable fibrous materials over into
SNG and carbon dioxide and what's left we hope will be the more resistant
cellulostic fibers that can then be used for paper making pulp. The undi-
gested corn fibers do have bad length to diameter ratios. We would be fer-
menting the corn fibers that are sticky and hy heing ahle to sell our corn=
stalk pulp, we would hope to wind up with a substitute natural gas product
that's rclatively economical.

So, of course, one needs to worry about the synthetic natural gas
yield, its composition, what's the pulp yield and what's its quality. The
usual nutrient sources are from sewage and manure sources and that's not
very good news if you are planning to make fine grades of writing paper
out of this. Certainly you couldn't make food board out of this. So there
are some questions that need to be answered by research.

Tet's turn our attention for a few momentc to furfural. We feel
that in order to get our ammonia nice and cheaply we have to do something
with furfural. It's a very well understood product. There have been thou-
sands of papers on it. It's really a question of getting the cost down and
assuring a reliable supply. There are many uses for furfural at which the
current price is favorable. These uses include nylon, tetrahydrofuran,
phenolic resin and maleic anhydride. In these four areas, there is a billion
or so pounds of market potential to go after. But essentially what one has
to do is to get the cost down. One possible way to lower the cost is by
a good acetic acid recovery so that you get more dollars from each ton.

We could also make furfural by beginning with the process that we
showed with the screw conveyor. As shown in Figure 3, we could get the
xylose and other five carbon sugars out of a lot of this raw materials first.
By using the screw press we could hope to make a separation, get the pen-
toses cheaper, get the furfural faster and purer and from the xylose and
five carbon sugars get ethyl alcohol as the co-product.

And, of course, once one has that furfural residue, one can then
use this residue to make ammonia or methanol or, probably less likely, thermo-.
chemical synthetic natural gas.
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I would also like to mention the alcohol fuel situation where
great progress is being made in Brazil and, as we can see, a lot of experience
is being gained in Nebraska, too. Our own suggestion in this is that it would
be very good to run what we call double blind experiments where neither the
experimenter nor the driver knows when he's using gasohol and when he's using
the control material. The reason this is important is that there has been
a lot of controversy on this and this is the way to document the 5 or 67
mileage increase if that's what really applies. That's also the way to keep
the members of the American Petroleum Institute and some of the automobile
companies from having their drivers tromp on the accelerator a few extra times
at every stop light, thus showing that the mileage decreases instead of in-
creases. So for years we have done work on various additives to coffee and
we have always found that it's necessary to run double blind experiments.
Otherwise, the experimenter tips off the user as to what he should be doing
or else the user gets mad at the experimenter and fouls up the experiment on
purpose. So this is our suggestion, that ERDA should consider very strongly
supporting some double blind experiments to document the mileage change, be
it plus or minus.

Now, so far as agricultural research and development is concerned,
if we were going to go after this substitute natural gas and fiber market,
it would certainly be desirable to grow a special silage corn for this.

So it would be possible to tailor corn genetically for these particular
qualities. T don't think I will mention high o0il corn here except to men-
tion that if we had a corn with 18% o0il at a reasonable cost, the food
industry is going to grab it away from us before we can use it for fuels

anyway.

In summary, I would like to say that corn as an energy crop does
have some modest prospects and we should neither count on it to save us nor
should we write it off and start looking for things like giant reeds or
other weird plants. It has its role to play. It's going to require, we
think, some research before it can play that role adequately. We do be-
lieve that nonfuel markets are going to have a lot of impact on the fuel
prospects. And essentially that the ultimate bottleneck is the cost of
the corn stover. That cost has a large psychological component to it. If
the man expects to collect for his corn stover that he sells to the chemi-
cal company the same amount of value that he has in livestock production,
then he's not going to sell it at all. He's going to stand there and watch
it rot.

We do feel that there are a lot of crops that are useful and al-
though this one has been close to optimized, agronomists of the world should
arise and unite. to find crops that have the favorable characteristics of
corn without some of its drawbacks.
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DR. BENJAMIN J. LUBEROFF, EDITOR

CHEMICAL TECHNOLOGY

I really don't know what I'm doing up here. I couldn't believe
that Ed Lipinsky would invite a New Jersey boy to Kansas to tell you about
. ¢ori. 'lhe only thing we know in New Jersey about corn is that if you don't
eat it 30 seconds after it's picked you may as well let it rot and drink it.

So I sort of came to the conclusion that Ed had in mind that I
talk about something else. I was afraid to ask him what he wanted me to
talk about for fear he would say talk about an hour and that would consume
more time than everything I know. So let's see if we can stay together
for maybe a half an hour. My job will be to talk; yours is to listen.

If you finish your job before I finish mine, just raise your hand.

Let me tall you what I have been hearing today in the form of a
little story. It seems this lady showed up at a dry goods store, emporium,
and she asked for 25 yards of peach colored chiffon. The young clerk said,
"Yes, Miss. May 1 ask you what it's for?" She said, '"0Oh, yes. I want to
make a nightgown.'" She said, "One?" The lady said, 'Yes, just one. You
see, I'm marrying a scientist and this is for my trousseau. You know how
scientists are. They get a lot more fun looking for it than they do finding
it, because when they find it they don't know what to do with it."

I'm hearing some of that today. 1I'm hearing about some of the
fun and games of counting corn cobs and doing a lot of interesting compu-
tations, speculating a lot. What I'm not hearing and what worries me,
and frightens me, is I'm not hearing about out addressing the big problen,
the energy problem. That's the name of the game. The name of the game is
‘let's solve the energy problem. It's not.let's sell corn, it's not let's
get grants, it's not let's keep our jobs at the universities. What I would
like to address your attention to is this vast concept of our energy problem
and I preface this by saying you don't start vast projects with half vast
ideas.

I put this sort of thing to Betsy Andrew Johnson not long ago at
an American Chemical Society meeting. She had gotten up and she was decryirg
the fact that the productivity of Americans was growing at a slower rate
than the productivity of the Japanese, Germans, French, and that this really
was the justification for our doing more research. And I rose and I pointed
out to Dr. Andrew Johnson that it really didn't concern me very much that my
6-year-old was growing at a faster rate that I was. She said, ''You mean to
say Japan is an underdeveloped country?'" Well, in certain cases they are.
And I went on to ask her what she thought the research expenditure of the
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government was going to be to do something about all this. I said, "What
do you think would happen if the federal government stopped spending money
on research altogether?'" And this really rocked her and her answer was,
"Why, do you know how many professors there would be without jobs?" Then
she realized that didn't sound so good. She said, "The American public
would never stand still for our stopping research on transportation.'" At
this point she thought better of saying anything else and didn't.

The point is we are not running a make-work project for professors
and nonprofit organizations. We are not just producing numbers. Hopefully
we are solving a problem. You know what the problem is.

The most recent comment I heard on it was former Ambassador Nolte,
ambassador to Egypt from the United States, who said, "By 1980 the U.S. will
import half of its oil and half of that is going to come from the Saudis."

He went on to point out that the Saudis already have a surplus of $53 billion.
Now, what could they buy in the United States with $53 billion, which repre-
sents something more than 107 of the annual federal budget? And that, ladies
and gentlemen, scares the daylights out of me. If this country is supposed

to continue beingy independent, it's going to have to be independent.

So I would like to share with you some thoughts as to how we might
approach that and there may be very little corn in the argument, for which
I apnlngize. Tt really isn't fair, having had my lunch bought for me, to
criticize my hosts, but I fear as a professional I have to tell my client
what needs to know whether my clients wants to know it or not.

We heard something the other day about the possible solution to
this, mentioned by Mr. Kimball, underlined by Mr. Sosland, that perhaps
the thing to do would be to forget the energy business altogether because
food comes before energy and human needs. So we will become the bread-
basket of the world and in that position we will then control our source of
energy by controlling the food supply. Well, I don't like that. I don't
like that because we are forcing on other people what we don't want forced
upon us and there is an old law that says that you don't do that.

So I think we have got to solve our own energy problem and like
the solving of any problem, I think really what we have got to try to do it
bring together a thing called a market, a need, and a thing over here called
a resource. We have to bring them together so that the resource fills the
need. This 1s different from a waste disposal problem where I have a re-
source I'm trying to get rid of. Market; need.

The market I think we are pretty clear on. The market is let's make
energy. And I don't care how we make it. I don't care whether we make it
from corn or cabbages or rooftops or red pines or rutabagas. I understand
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there are some guys even trying to make energy out of cow manure and that,
incidentally, is an interesting switch. Probably one of the earliest ad-~
vocates of solar energy as a technology was J. Farrington Daniels out of
the University of Wisconsin, who is a physical chemist. About the only
people who would listen to him were some do-gooders at the United Nations.
These people at the U.N. were worried about the fact that the Indian house-
wife in India was burning cow dung instead of plowing it back into the
fields and their fields weren't fertile. We had to give the Indian house-
wife an alternative to burning the dung of cattle and that alternative,
obviously, was a solar cooker. The U.N. spent a good deal of time and came
up with a very nice sophisticated little solar cooker. Except the Indian
housewife was having none of it.

A lot of people seemed to think that this was because the India
housewife was not about to take the second best. If she was going to have
a stove, it was going to be a GE electric with a self-cleaning oven. But
it turns out that really wasn't what was involved. What was involved was a
failure of us to recognize the characteristics of the market. When you are
in a hot country and you work very hard and it comes time for dinner, you
generally have dinner after the sun has cone down and the solar cooker
isn't much good.

Now, I mention this little allegorical thing of going from cow man-
ure to solar energy back to cow manure to show you that the more things
change the more they remain the same, but also to call your attention to
this business of understanding your market.

I was much imprcesed with the work being done by lhe Andersons.
They are not selling corn cobs. They are servihg markets. And I would be
willing to bet that probably one of the highest cost items in their budget
is a thing called "tech service." )

S0 we have got that market out there. And now we have got this re-
source and the resource I have reference to, of course, is the sun. Now,
there is nothing new about the sun. I call to your attention the fact that
every bit of energy, with just some minor exceptions, produced and used on
the face of this particular planet, up until Alamogordo, came from the sun.
Petroleum is solar energy, coal is solar energy, natural gas is solar energy.
It happens to be fixed energy, it happens to be our capital, the big bank
account in the ground that was the legacy we inherited. It took a long
time for the earth to acquire that capital and we have blown it very rapidly.
There ain't going to be no more. It takes too long to produce. And any-
body that thinks very hard knows about the hazard of living off of capital
and.yet we have been doing it. We have been doing it for a long time.
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Well, the salvation, of course, was supposed to be nuclear power,
but it turns out that that bank accounts limited too, because that's capital.
There is only so much uranium in recoverable form. It's a temporary fix and
it's got some megative aspects to it. I'm not about to assume responsibility
for leaving a legacy around for 25,000 years that God didn't see fit to put
here and I am making reference to plutonium, of course,

So what I think we have got to do is address ourselves to the big
problem. Energy, for those of you that have forgotten, is the ability to
do work and when we lose that we have lost everything. And the place you
are going to find energy is current income from the sun.

Incidentally, you have all heard about the boys that are going in
the fusion business, the fusion reactor. Their problem, of course, is that
they have a problem of containment. They can't find a pot to hold this thing
in because it's too hot. And so much of the current thinking now has to do
with creation of a weightless environment, which would deal with a lot of
magnetic fields and so forth, which would consume ever so slightly more
energy than it produced. Or else there is the other idea to set the thing up
and shoot it out into space, and you will now have this fusion reactor out
in space.

We might just as well call it the sun because that is what it is.
We have got a fusion reactor out there. It has got a wonderful launch stream
record, hasn't had any labor problems lately, doesn't corrode, and we don't
have to write an environmental impact statement about it.

So let's agree that our market is the ability to do work, energy,
and our resource is the sun and our job is to try to bring these two things
together. This is nothing new. This is the way technology is always used.

What's technology? Well, some of you out there may remember having
seen a thing that used to be called a corset. It looked something like shoes
that used to lace and those of you that don't remember corsets and shoes maybe
can think about what a football looks like. But what you have got are two
halves of this thing that are trying to pull each other apart and you are
putting a lace back and forth, back and forth, between the market and the
resource, to pull them back together again. Okay. That lace is technology.
There is a little bit of science involved in the lace. There are a lot of
other kinds of things involved in the lace that are necessary to pull this
thing together around this real fat lady. And this real fat lady, of course,
is society, who is exerting a resistance to our bringing together the re-
source and market.

And so what I would like to suggest we do is possibly look to see
how we are going to pull this thing together. I think you can see the fallacy
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of trying to lace up a corset if you only put the laces through the one side,
that is to say if all you do is look at the corn. I think you can also see
the fallacy of trying to put the resource and the market together if your
lace is made out of nothing but somc good ideas and some good intentions.

So we have got sun and around here I guess we measure that in
terms of land area, that's the collector for the sun. Some people have
talked about putting a satellite out in space, a synchronous satellite to
collect the sunshine, convert it to microwaves and beam that back. I point
out that takes a fair amount of land too, because ybu need an antenna to
collect those microwaves and if the thing gets a little bit out of sync,
you can fry a whole town. So you have got to have a pretty big land area
even for a solar satellite. :

Sn we are really talking .about a resourc¢e called land, which to
farmers is nothing new. As a matter of fact, I think it's a very interest-
ing concept and if I'm intriguing any of you to want to pursue any of thio
further, you would be interested in hearing about Henry George. Many people
call him the first American economist. Ienry George began enunciating some
concepts of economics just a hundred years ago immediately following the
great depression of 1873-78, And at this time we wcre also looking at the
land again. And George made the point that economics is the allocation of
scarce resources. You use the land that's most accessible, the land that
will do the thing you want it to do first and when you have run out of that
land you use other land.

And right here I would likec to just stop and comment on what the
press has done about this conference. Thosc of you that lLaven't seen it, it's
in this morning's Kansas City paper. Basically what the press heard and now
what the public hears is that there is a head-on conflict between the pro-
duction of food and the production of energy. I'm afraid there was some of
that coming through yesterday. But Georgian economics says that doesn't
necessarily have to be true. I quote from one of our speakers this morn-
ing. The characteristics of land to grow corn, level, gently rolling,
medium texture, favorable temperatures, adequate rainfall, high moisture
holding capacity. That's not marginal land. That's like it says on the
back of every one of the seed packages that I buy. They all want me to
have good, fertile, well drained land. T haven't got any of that stuff,
that's why I am growing flowers.

But you can grow trees on slopes, you can grow reeds in land that
even a Florida real estate developer couldn't sell because it's under that
inuch water, you can grow things where the soil is pretty dry. I understand
mesquite is an epidemic in part of the country and you can burn that, you
can digest that. So we are not necessarily saying we are going to have to
take this land out of production any more than we say you are going to have
to chase the cattle off because we want to graze the sheep or you can't
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put your cornfield here because we are going to put up a real estate develop-
ment. I mean this is not a new thing. This is an orderly progression of

the economics of the United States and it's just a matter of our allocating
our resources.

If you want to know more about Henry George, even though it's
a hundred years old, there's a Henry George School and a Henry George
Institute in New York. The Henry George Institute will for free carry on
a correspondence course with you based on Henry George's writing and it's
a lot of fun. All you do is write to Henry George Institute in New York
and tell them you would like to participate and they will sell you the
book for about $8 and you have a correspondence course. If you are in
New York you can drop in at the Henry George School and take a quick short
course in economics. It's simple. Fvern I ran understand it.

At any rate, that's our resource, that's our market. Let's look
a little bit at our technology.

Well, we recognize that we can convert solids to gases and gases
to liquids and we recognize that sometimes you want a gas and sometimes you
want a solid. See, the reason that we are converting coal to gas 1s not
because we don't know how to burn coal. But why are we converting coal to
gas? We destroyed our railroads. We have no way to haul the coal around
except to pump it in a pipeline that already exists. These are technolo-
gleal concepts. These are the things that tend to pull the resource and
the need together.

Let's talk a little bit about the restrainst, the fat lady that
we are trying to put into this corset. Well, we have that wonderful group
of things called thermodynamics. When I used to interview kids for jobs I
would always ask them, '"What did you learn in thermodynamics?" And they
would list all of the Maxwellian equations and all the good integration
stuff they had learned and stuff. And I would say, '"But what did you really
learn?'" The ones I hired were the ones who said thermodynamics tells you
what is possible.

That's really what it's all about, what is possible. And we have
got to live with that. We have got to live with the fact that heat does
not flow from a cold body to a hot body. We have got to live with the fact
that every time we undertake an energy transformation something is lost
and gone forever. We have got to live with the fact that nature tends to
a state of maximum confusion, which is entropy. We have got to learn to
live with the fact that if we want to really boil the daylights out of
something with a real hot flame under a pot of water at 100°, we are going
to be wasting a lot more stuff than if we warm it up slowly, use a small
temperature differential, use a great big heat exchanger and a small

255




temperature drop. If we do things slowly, the loss of energy is least.
But who can afford to pay for the big heat exchanger? The same jokers
that blew the capital that was in the ground, now we have got to put some
of that capital back, we have got to invest to make up for what we have
blown in the past.

There is another group of restraints. I call them psycho-social
restraints. They are the thiugs that make us do cueh intelligent things
as set our air conditioner in the summer at 65 and raise 14 kinds of hell
when Mr. Carter says in the wintertime set your thermostat at 65 because
we would rather have it at 80. But when the temperature outside is at 80
it is too hot; that's why we set our thermostats at 65. 1It's why we drag
around a ton and a half of steel to take a 100-1b girl to the supermarket
where she Tnoks for dietetic food because she's not getting any exercise
and when she gets home and puts the car ih the garage she puts on her
jogging suit and she does jogging, but Lord help her if she tried to walk
to the supermarket and back.

We have these wonderful houses that we built lately. Remember the
way we used to build the houses back in the days when we wanted to keep
the environment out? They had thick walls and little narrow windows. Now
we have got thin walls and large windows and we bring the outdoors in and
put the swimming pool in the living room and then wonder why it's costing
" so much to heat the darned thing.

What do we insulate our great big high rise building with? Sheets
of glass. That's bright, isn't it? Look at the way they insulated a ca-
thedral. Did you ever notice radiaturs in a cathedral? An air conditioning
system? You probably tever weul Lutu a cathcdral that was ton hal or too
cold. We have changed our way of thinking. New we want the outside inside
instead of the outside outside where it belongs.

All that's got to be changed. This lady has got to go on a diet
or we are never going to get the resource Lack to the market.

Now let's go back again. See, this is the way it works and this
is one of the points I'm trying to illustrate. Tt's a back and forth, back
and forth. You look at the resistance, you look at the market, you look
at the resource, you look at the resistance, back and forth, just like a
lace.

Okay, let's look at that market. Why are we trying to make alco-
hol out of corn cobs? Well, because you can't pour corn cobs into a far-
mer's tractor. Okay. And the tractor is a big energy consumer. Well,
what does the tractor do? Well, a tractor imparts energy to the soil. I
mean that's really all a tractor does, takes energy out of the alcohol or
the diesel fuel and puts it in the soil. 1Is there a better way to put
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energy into the soil? I mean if you insist on growing corn you are going
to have to do such things as plow and cultivate and harrow and whatever
the other words are that I don't understand, but if you grow trees on a
rocky slope you couldn't plow it if you had to. 1If you grow a perennial
crop you don't have to do quite so much of that. This is the understand-
ing of the market, the solar stove that you use at night.

There are other interesting things like that that could bear
closer examination. If you put this stuff on the back of a truck and took
it down the road at 60 miles an hour it would blow all over the road, so °
how in the world are you going to get it from here to there? And how are
you going to get it dry? Well, the old law, if you can't beat 'em join 'em.
I wonder if anybody has thought yet about the idea of a slurry pipeline to
carry corn etover or wheat straw? Slurry pipeline. They are using it for
coal, they are using it for ore. The stuff is pretty wet to begin with so
you can't make it any wetter and when you get it where you want to you dry
it then. Yes, but the stuff might rot because it's lying in that long pipe-
line for hours and hours. Well, now, there is an interesting thought. If
it rots and it's anaerobic, we may put corn in one end of the pipeline and
out of the other end will come you know what. This is an understanding
of the market. 1It's the tying together of the market and the technology.

And it's the thing that just can't take a monomanical view. I'm
a corn farmer and that's all I want to know about, my father was a corn far-
mer before me. Or I am a physical chemist and we don't get our hands dirty
with things that are organic. I used to be in the egg business with Stauffer
Chemical and I went out one day with some of the fieldmen to see how it was
really done in the market because I was a research type. The farms in this
particular area were beautiful except for one. I mean it was sad. Every-
thing about it was sad. And we drove into this farm and said, "We have
come from Stauffer Chemical Company,'" That's all we had to say. 'Don't
use any chemicals; an organic farm." We said, 'Well, that explains a lot.
Is there any way we can help you?" '"Don't need any help." 'Well, okay.
We tried. 1If ever we can help, we will leave a card with you.'" Got back
in the car. He looked at the card. He said, '"What kind of chemicals do
you fellows sell?'" And I got the bright idea of saying, '"We sell organic
chemicals, sir." '"Well, come in and sit down, son."

Too often it's what we call ourselves. TIt's how we see ourselves.
I think it's important to remember that really what we are trying to do is
put the whole lady inside of the whole corset.

What kind of technology are we going to need? Well, how do you
plant on a slope? How do you plant under water? How do you use the whole
plant? Has anybody really tried to breed a plant for its energy content,
total energy content? I don't think so. I mean I'm no agronomist but I
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have talked to a lot and they say, well, yes, but really not yes. And

I'm talking about available energy. That means available energy after you
get done doing all the things you have got to do to it, like chop it and
dry it and pelletize it. And incidentally, when you are pelletizing that
stuff, if you squeeze it together enough you will never get it to react
with anything. Keep that in mind. That's the big problem I understand
they are having against hydrolysis up in Navy town. They can't get the
stuff inside where it's going to do some good.

Are we really cropping in the way we should? I mean everybody
knows how to crop corn if they want to get kermel corn or ear corn. But
do we know how to crop trees for their energy content? Do we know which
varieties to use? Do we know how much water they need? We don't. That's
what taechnology is about.

One of the things, incidentally, I would like to caution you on
in developing your technology, something I have seen here repeatedly, if
there is anything people in the chemical industry want to avoid like a plaguw
it's a two-product plan. Phenol and acetone is a good example. Butanol and
acetone is another example. You never know how to price anything. For
example, we saw some very interesting pricing information here where right
at the beginning it was assumed that the byproduct was the feed that's left
over and so you subtract that from the cost. But supposing the market gets
a little out of kilter and that's the thing you can't sell. Just learning
how to keep the books gets to be a real problem. And the fact that you are
serving two markets with two different marketing organizations is a real
prohlems.

Un the other hand, it's not impossible, because if you ever want
to see anything weird it's the bookkeeping that goes on in an oil refinery
where you have got one barrel of stuff coming in and 79 different kinds of
barrels going out and every day that mix of barrels changes and the market
changes. So be forewarned, it's that kind of a ball game.

Another thing I have heard a good deal about is a pilot plant and
a demonstration plant. It has been my experience that pilot plants are
excellent for creating and solving problems that occur only in pilot plants.
When you have got an emergency like we have now, go take thec risk of build-
ing a bloody plant, a big fat one. If it doesn't work at a hundred percent,
so what. And incidentally, a lot of what I'm hearing here I have heard at
the Solar Energy Society conferences where they are talking about solar
collectors and reflectors and there is a group of academics out there every
year that is telling us how to get another 2% efficiency in a solar collector,
but no bank will give you a loan to put one on your house, so why bother with
a lousy 2%. 1It's go, no go. Are we better off letting the Arabs get their
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hooks into us deeper and deeper or are we better off building a plant that
isn't beautiful? I particularly enjoyed the comment about the alcohol
factory, the gasohol factory, where you said, "Look, right here we may not
be making any money, but we're not losing any money.'" The name of the game
is not necessarily making money. The name of the game is survival.

I was at a conference sometime back on long-range planning, one
of these cloistered things that they have in the Maine woods. We talked
for a day and a half before anybody mentioned what the time frame was for
long-range planning. I finally asked it over lunch. I said, "Fellows,
what is long-range planning?'" One of the guys said, '"The time frame of
long-range planning is inversely proportional to how dismally you view the
future.'" Right now I think our long-range plan is worrying about tomorrow's
survival. So don't horse around with pilot plants and experiments and that
sort of thing. Get out there and build it.

"Well, I would, but." I have got the technology, I think this
string is strong enough to pull the market together with the resource,
but there is resistance out there. We don't know what each other is doing.

The market is capricious. It keeps moving around. We don't know
about the timing. I mean we are going to find ourselves in a crash program,
which is really very uneconomical, or else we might find ourselves in a
position of building a plant and having it lie there for 2 years without
anybody buying what we are making. We don't understand the timing.

We have got the problem of long-range planning and yet short-term
survival. We don't know how big to make this plant. We really don't know
what the market is because nobody has ever sold this kind of stuff before.
Nobody has got a corn stover bin in his basement like they used to have
coal bins. We don't know how to read that market. We are not yet used to
thinking in terms of life cost rather than operating cost.

Okay. I tried to lay out the problem a little bit. Now what are
we going to do about it? The government, which I remind you is us, can
possibly be helpful because it's worrying about its survival and that's
its job, that is why we have got a government. The government does not have
expertise in marketing. I have been scratching my head for the last 2 years
to figure out something that the federal govermment has put into channels
of commerce. I give you a minute to think about it. What has the federal
government ever put into channels of commerce? The only thing I could come
up with was the Beltsville turkey. Maybe you can come up with something
else. So we can't look to the government for marketing expertise. Okay?
They can't help us much there.
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Resource. We know what that is. 1It's land. 1It's there. We
have got a nice fence around it which is now 200 miles wider than it was a
few months ago. I don't think the government can help us much there. They
have given away all that they could give away pretty much. Maybe they
could let us use some that they are not using. They are using free cattle
grazing or national parks. Maybe we could harvest one-fifth of every
national park every year. Maybe the government could help a little over
there.

Now, where the government is really brilliant is in technology.
I mean they can put a man on the moon. They can't make a bathing cap that
doesn't leak, but they can put a man on the moon. We don't need that kind
of technology. We don't need gung ho, "damn the cost,'" '"full speed ahead"
technology. The major cost of puttling solar panels on houses is the lahor
of local plumbers and carpenters. It doesn't have the NASA economy scale.
You can't build a PERT chart that occupies billions of dollars of man-hours
that the guys in Washington are so expert at. We build plants all the time
Wwithout the government's help, although we are getting more help than we
want. So I don't think we can look to the government for any help on the
technology, not much help in the market and not much help in the resource.

We are only left with the resistance. What the devil can the
government do about the resistance? Well, we heard of one state government
producing some tax incentives for alcohol. If I put a solar collector on
my house at a cost of 10,000 bucks, my real estate tax goes up. Does that
make sense? If you take the oil out of the ground, the bank account,
you get a depletion allowance and you get your head bashed in. You know,
they are doing it all backwards.

Chase Manhattan Bank's February market letter said, '"Don't let
anybody tell you the United States doesn't have an energy policy. It has
a very vivid, obvious energy policy, which is cheap energy or, in other
words, the free lunch." So if the govermment--and recall the government
is us--wants to do something, they first make the decision to stop horsing
around. We do have an energy problem, it's for real. Two strikes we have
got on us already, '72 and the winter of '76-'77. I don't know what the
third strike is going to look like.

So let the government get in there and make some policies. We
are going to give them tax incentives. We are going to let the banks give
low cost loans. We had an article come out recently by a young couple, the
Lavalese in Colorado Springs, who said, '"The devil with this foolishness.
We are going to build our own solar house. We are going to use state of the
art. State of the art means anything we can learn ourselves.'" And they built
a beautiful house. The only problem is there isn't a bank in the state of
Colorado that would give them a loan on the solar part of that house. They

had to take it out of their own savings.
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The government can do something about that. The government can
do something about patents. Did any of you notice the fact that there are
very few people here that make a living by selling a product? They are
staying away in droves. I came to the conclusion before I came that they
probably didn't know about the conference, so I called up executives of
about 10 or 12 companies, people I know, vice-presidents, presidents, said,
"What are you fellows doing in biomass and solar energy?'" '"We are watching.'
"What do you watch?" 'Well, you know, we don't know what the governmment is
going to do." '"Well, do you have any research and development of your own
going in that area?" ''No." 'Well, how about getting some ERDA money?" "If
you get ERDA money, they are going to want the patents.' I learned over
lunch today that's not true.

Finally, the one thing the government can do and they are beginning
to do is to be a market. They can guarantee that if you guys can make this
stuff at this price we will buy it for 10 years and we will enter into a con
tract that says we will. I don't care whether that stuff is gasoline or
natural gas or stover or whatever it is, we can do all that. Part of the
reason we don't do it is that, in the words of a corporate executive I
know in Washington, infinity is 2 years. 1If the government is to be a
market it will take a little bit of long-range planning.

So the point I would like to leave with you is simply this. We
have a problem, a real problem, an energy problem, ,the ability to do work.
That's a survival problem. The only people that are going to solve it are
us and people like us. True, there aren't very many profitmaking repre-
sentatives here, but there are a few. There aren't any people from Congress
here, nobody from staff, nobody from state government. How come? Tell
them.

The government can do a lot about communication. And incidentally,
I do wish they would talk in our language instead of their language.

Okay, we have got to do something different and the best way to
do something different is do something different. Dr. Kimball yesterday
said he thought this meeting should have been held 5 years ago. I only hope
I'm not sitting here 5 years from now talking about the same thing. The
first article we published on the energy plantation was in 1972.

Finally I conclude with this thought that came over dinner last
night. One of my conferees said to me, 'Look, you are just asking too much.
I mean, the guy has got to be an agronomist, he has got to be an entomologist,
he has got to be an entrepreneur, he's got to be a mechanic, he's got to be
a taxi driver, he has to be an expert on marketing corn, and now all of a
sudden you want him to be a technologist and you want him to run an-alcohol
factory. What the devil do you call such a guy?" 1I call him an American.
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PRESENT AND FUTURE TRENDS IN FORAGE HARVESTING EQUIPMENT
Mr. Raymond A. Adee, Vice President; R&D

The Hesston Corporation

I would like to present a brief history of some of the things
we have done in our company that I think you might find interesting as it
concerns the problems of handling, transporting, and storing hay crops.
Our effort was directed toward finding an easier, more efficient and lcos
expensive way of harvesting, storing and transporting hay crops particularly.

One of the processes we're interested in is cubing Chc crops.
We did some research work, actually built some prototypes of an alfalfa hay
cuber, to check the handling, the storage, transportation costs, and the
problems we run into in forming a good cube that would stay together with-
out too much fine. Our cubes had a bulk of about 30 pounds per cubic foot,
so we had good bulk density. The moisture limit of the hay is 17% to 12%.
That's a very narrow harvesting range because when a crop finally gets down
to 17% woisture it's not going to hang there very long between 17 and 12,
so it just doesn't have a broad enough harvesting range.

We had another attempt at cubing called the Rotopack. This was
taking alfalfa hay, primarily, and rolling it and attempting to get a high
density roll. The rolls were approximately 8 in. in diameter and could be
cut to various lengths. Here again our problem was the harvesting range.
For the Rotopack to work the hay had to be in the moisture range of 27% to
22%. You get a hot Kansas afternoon, why, in the morning the hay is too
green and if you try and cuvbe it, it will just turn into kind of a liquid
and by the time the moisture content drops below 227 by slightly after lunch,
then the hay turns to chaff.

Another thing we moved into in the late sixties and early seventies
was a further attempt to do bulk handling of hay crops. We built a machine
that we called the Stack Hand. The finished package from the Stack Hand looks
like a large loaf of bread. The Stack Hand has been on the market since
1969 and if you have driven through the country you probably have seen
these types of hay stacks. The limitation of this type of stacking is how
far can you haul these large stacks economically. If you are growing hay
and feeding in the immediate area of 30 miles, it's a fairly practical way
to go. The density on these stacks will run from 6 to 8 lbs/cu ft.

A normal bale of hay is about 8 to 12 lbs/cu ft,

One method of feeding that's used on the ranches in Kansas, Nebraska,
g

Wyoming and other states is to slice off some hay from the large stacks made
by the Stack Hand and leave this on the ground. However, I think as the value
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of the hay crops increases we are going to see less and less of this. There
is no investment in bunks for storing the hay but you can by some estimates,
save as much as 207 of the hay by putting it in bunks.

Another machine that we built was one that would stack corn stover.
While we were studying the market for bulk handling of alfalfa and prairie
hay, we also did some market research and determined that there's quite a
substantial market of making stacks in corn stover. This turned out to be
the case, but the truth of the matter is, that's just dumb luck. We just
stumbled into the stacking or corn stover. I think that's something that
I would like to emphasize after hearing some of the remarks during this con-
ference about these possible projects. You can analyze, you can study and
we have about concluded you do a reasonable amount of that, but if you analyze
too long you will analyze it to death. You need to jump in and if it looks
like it has a halfway reasonable chance and there is a need for it then go
ahead and do it. Because as you get into it, you will find out a lot of
things you thought were absolutes are not. There will be other pluses and
minuses after you get there. We sold probably 207% more machines because of
this, which was just accidental. And I daresay that's true of some of the
other projects being proposed here in this room.

The stacks made with our equipment were much larger than conven-
tional stacks. Since the stacks are so different, we have to supply the
complete system for handling them. We can't just make the baler. In other
words, using this equipment would change a farmers system for handling his
hay.

We thought the potential for this new system would be primarily
in Arizona and California. But southern California now appears to be one
of the most difficult areas to change over their system. In California a
lot of hay is grown and delivered to the big dairies in Los Angeles. Much
of the hay is grown by individual farmers who do not bale it, so the first
businessman is the farmer growing the hay. The second one is the customer
contractor that bales it. Then comes along a third man who is known as a
hay buyer who uses some local contractors to help load his truck at the farm
end. And then he delivers to one of several dairies in the Los Angeles area.
He doesn't buy from just one farmer, he will buy from as many as 25 and be
delivering to 10 or 15 dairies. And then on the receiving end at the dairy
he -has another contractor that has a small machine that unloads off of his
trucks and puts them in hay barns. So there are so many husinessmen involved
in this operation, each with their own equipment, that it will be difficult
to change over to another system.

I would like to contrast the California situation with that of

Nebraska. ihen we tried to market this system in the midwest, the people
most interested in it were the hay growers from Nebraska. There the hay
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situation is different from that in California. Generally, there will be

a large farmer that grows his own hay, he bales his own hay, he loads his

own trucks, so he has control of about four-sixths of the operations. So

there, they are ready to change over to the new system because they can do
it at their own convenience. They don't have to involve a whole bunch of

other people inthe changeover.

So being in the manufacLuring buginess, this is something we look
at. If you come along with an improvement, you need to consider how big a
job it is to get it accepted, to get the changeover. The improvement is
not going to go anyplace if you can't get acceptance and get people to make
the changeover. '

The Hesston Corporation also makes a processor that will take two
bales and run through it with shredding knives. One of the big advantages
in this system is it saves on labor at feeding time. If you have got 400
cows you are milking, with this type of processor you will spend less hours
in feeding time, With conventional bales all the feeding has to be done
manually.

_Another aspect of harvesting equipment is the handling of forage.
We have redesigned our units through the years to better handle corn and
sorghum and alfalfa. Many times you will have a corn field that has a lot
of grass and weeds in it which makes the corn difficult to harvest. So we
have made a bulk handling machine that has disc cutoffs and gripper belts,
which is designed to better handle the conventional farm crops.

We found that in areas around the world there's a real awareness
of making better use of the crops they have. An example of this is the situ-
ation in Hawaii. In Hawaii the pineapple plant has a life of about 4 yrs by
the time you harvest three times. Normally the plant after the last harvest
of the fruit 1s just a nuisance. They practically wear the soil out trying
to getr the pineapple plant chopped up and disked up and back into the ground.
Also, all the milk that's consumed in Hawaii is produced there and the feed
costs are very high. For instance, corn is over $6 a bushel. So they are
in a real squeeze for feed., They found out that this pineapple plant that's
left, which to the landowner is just in the way, was good ensilage. They
only needed a way to harvest it. Our forage harvester we found was very adapt-
able to harvesting the pineapple plant that is left. They were paying $40
an acre for these plants. Now there is such a demand for the pineapple plant
and the pineapple people are in a price squeeze, so they are now charging
$120 per acre for what used to be just a problem to get rid of.

There are some areas in Central America where they have got a sur-
plus of sugarcane so they are chopping it for cattle feed. Sugarcane is
much different than corn. Corn grows nice and straight and in line, but in
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many of these sugarcane fields, you have to take a machete and go out and

chop to find out which way the rows run because it grows up in such thick

clumps. The forage harvesting unit appears to be adaptable to sugarcane.

When the sugar price is down and they have got a surplus of it some of the
sugarcane growers are starting to use it for cattle feed. In other areas

where they don't burn the leaves off of the sugarcane plant but harvest it
without burning, the leaves are left in the field. So the Stack Hand can

pick it up and stack what's left of the sugarcane plant for use as cattle

feed.

(Included in Mr. Adee's presentation were slides showing various
harvesting machines. Unfortunately, these slides were not available for
publication.)
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ABSTRACT

Crop residue 1s a fenewable resource that céuld supply various
energy products to an agricultural region. The feasibility of
such an effort depends upon agricultural characteristics of the
region, the use of current energy products, alternate conversion
technologies, and the operation of the supporting activities
which collect, compact, ship, etc. the residue on its journey
from the field to final disposition. This work delineates

the various issues and shows a method of feasibility analysis
which provides a uniform means of assessment of costs and

energy use of alternate systems. The method is applied to
examine the feasibility of direct firing residue in selected
coal-fired utility boilers in Minnesota. It is found that

many county-plant-operation combinations exist where the current
coal cost exceeds the as-delivered cost of an energy equivalent
amount of residue, suggesting that residue is a potential

alternative fuel for power generation.

INTRODUCTION

It has been estimated that the yéarly supply of crop residues
produced in Minnesota could supply over 40% of the state's
energy demand. This is a sizeable percentage, which immediately
suggests a closer examination to.explore the feasibility of
actually using this renewable resource to meet specific energy
needs.’ However, the notion of feasibility in this situation
differs from fhe fraditional interpretation which usually

refers to the ability to accomplish a definite objective
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within competitive economics. This definition is easily
applied when:
1. A single objective is statad.
2. The proposed system is fully specified, consisting
of available hardware components
3. The system is managed by a single organization, so
all the costs/benefits can be accounted for undef
one umbrella.
Unfortunately, the use of crop residues for cnergy products
does not meet-these requirements. Considering the objective
to be the utilization of crop residues in the most effective

means one immediately runs into the problem of scope.

Many different residue types are pra2sent and are located in

- various densities throughout the state. Many energy oriented
end ﬁses are possible, including pyrolysie for storeable energy
products, methane generation, firing for crop drying, ammonia
production, and firing in local utility boilcrs. Each alter-
nate use employs different technologies, which are at different
levels of development. Thely enerpy products would computs
with currently available substitutes to meet specific community
needs, and hence an end use choice is also coupled to location.
Traditional uses are also possible, such as bedding silage and
leaving in on the soil. The latter "use" holds the key to any
proposed system, and while the long term effects of removal are
unclear, it certainly depends upon the s0il description and

hence upon location. The aspects o the situation are dynamic
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and can change over time as traditional energy supplies diminish,
as conversion technology advances and as soil properties and
farm practices change. Furthermore, any operating system will
involve the flow of residue through a sequence of activities
involving many types of equipment which must be matched for

their most economical and energy saving operation.

All these aspects raise the issue of the method for determining
feasibility. There are various levels of detail that could be
explored, with the final being that of an actual pilot operation.
For analytical work, two levels of detail are pertinent:

a. TFlow Feasibility, which refers to the accounting of the

dollar costs and energy use associated with a given system as-
suming a uniform operation for a full year. It traces residue
flow using a "tons/year" basis and accounts for the required
$/year and BTU/year to sustain the flow.

b. Operational Feasibility, which refers to an investiga-

tion of the day to day operating aspects, including harvest
scheduling, manpower and equipment availability, effects of
weather upon storage, set-ups for the various equipment, etc.

It is a more detailed look at flow feasibility to determine if
there are any major factors that would bring the flow feasibility

into question.

Obviously these two feasibility measures would be applied se-
quentially, with successful flow feasibility suggesting an

investigation into operational feasibility, but an unsuccessful
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flow analysis suggesting a halt to further inquiry. In this
work, the broad scope was reduced by adopting the realistic
constraints of rapid implementation, use of local data and
available technology, and utilizing a flow feasibility level of
detail. Specifically, among the multiple end uses, direct
firing in currently operative coal fired utility boilers was
selected. This choice recognized the following issues:

a. Alternate end uses could be classified as being
located "off-farm" or "on-farm" depending upon the need for
loading-shipping~unloading operations. This choice is thus

representative of any uf[f-farm end usc.

b. Direct firing for electrical generation supplies an

established community need which can be reflected as a demand.

based upon actual data.

c. Deployment could be rapid, since {he technology of
firing crop residue is not new. However,Aconversion of each
plant would hdave to be cxamined sepdarately. Regidue was
thus treéted as a supplemental fuel with the percent
replacemenl treatcd parametrically with a nominal value of
20%.

d. Plants are numerous, occur in various sizes, and are
placed throughout the state. This [furced the analysis to
accept a spectrum of residue availability, electrical demands
and locations.

e. The current energy source, coal, has a wide variety
of costs, ranging from about $.35 to over $2.00 per lO6 BTU,

depending upon lhe particular plant. This range suggested a
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locale-based economic evaluation.

f. Residue supply can be estimated from actual past
yields in the area rather than inférences from more general
data. However, since the effect of residue removal from the
soil is unclear, the percent removed was treated parametrically
with a nominal value of 15%.

This focus on a currently operational, off-farm end-use also
served to organize the work into two parts. The first is an
analysis ot the residue supply-energy demand situation on a
plant-centered basis. This produced an average shipping_
distance for the residue and provided a current coal cost.
Feasibility for a given plant, then depends upon the dollar
cost and energy use of operating the supporting aétivities
which collect, compact, handle, ship, shred, efc. the pesidue
‘as it passes from the field to insertion into the boiler. The
degree to which the total costs of these supporting activities
-fall'bélow the éurrent coal cost constitutes one measure of
economic feasibility. Thus, the second part is a systems study,
incorpdrafing a flow model, whicﬁ accounts for the dollar costs
and enérgy use of an entire system operating in concert on a
yearlylbasis. Evaluating costs in such a "system", gives rise
to many issues such as alternate equipment selection, alternate
méans_of pértitioning the system into sectors with various
managemehf schemes and profit incentives, and the role of modi-
fications atAexisting plants. All these issues are addressed

in the'Study. The results are twofold:
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1. Presentation of a method of feasibility analysis
which provides a means of uniform assessment of dollar costs
and energy use of alternate systems.-on a local level.

2. Application of the method to exahine the feasibility
of direct firing crop residues in selected existing power

plants in Minnesota.

ENERGY DEMAND AND RESIDUE SIIPPILY

The utility boilers selected includad 29 coal fired units which
produce steam for electric power generation. They ranged in
capacity from 6.3 x 10g to 15 x 101’2 BTU/year of input energy.
This range covers operations utilizing about 1 ton of coal/day
to 2000 tons/day. Operational data for 1974 was obtained,
including the coal tonnage fired and its heating value. The
product of these two figures represented the BTU consumption

and was assumed to represent the yearly "demand" at a plant.

Crop residue was consildered a supplemental fuel which replaced

a fraction of this demand. The exact fraction depends upon a
number of boiler dependenl technological factore, and for the
level of feasibility being investigated, a representative
nominal value of the BTU replacement fraction was sought. The
recent pilot operation of the St. Louis-Union Electric plant,
fired by a mixture of coal and shredded-separated municipal
waste, was used as an analogy. This plant uses up to 20%
municipal waste. This figure was utilized as a nominal fraction
of crop residue as a supplementary fuel on a BTU basis. This

is a conservative value with other situations utilizing 100%
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residuel. All residue was considered to have a heating value

of 16 x 106 BTU/dry ton and contain 15% moisture by weight.

Each year the Minnesota Department of Agriculture publishes the
tilled acreages of crops at the statewide, district, county and
township levelsz. The 1974 data for the seven largest crops was
selected as a basis for estimating the residue supply. These
included corn, soybeans, wheat, rye, oats, barley and flax, which
in turn were categorized into "large grain", denoting corn, and
"small grain" denoting all others. County level figures for this
single year were considered both representative of a typical
supply and sufficiently detailed for the level of feasibility
being investigated. Crop residue yields were estimated from

the tilled acreage using the values in Figure 1; which range

from .378 tons/acre for flax to 2.6 fur corn. These figures
represent the maximum per-acre supply, but due to the undetermined
effects upon the soil of removal, various removal rates were
allowed,. with a nominal value of 15% of the available residue
used for this work. Operationally, this means that on any

given acreagelinvolved in residue collection, 100 percent of

the available residue will be removed from 15% of the tilled
land.- Changing the'colléction,sector each year allows for a

six to seven.year rotation scheme.

Since the crop residue was to be shipped to an off-farm location,
the dollar and energy cost of transport had to be determined.

A detailed investigation of this question would involve the
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location of each shipping origin and an examination of alternate
origin-power plant routes. This was deemed to be both an
unnecessary level of comple#ity and inappropriate forAthe level
of feasibility being explored. The question was settled by
presuming the tilled acreage of each crop wa; uniformly
distributed throughout a county. Each county acre was con-
sidered a "representative" acre, containing the same tilled

- percentage as is in the country as a whole, and characterized
by a residue density in terms of tons available per county
acre. For example, if 20% of the land in a county was devoted
to corn, the corn density would be 20% of t+he value in Figure
1, and this density would be further modified by the removal
rate. This gives a combined measure of residue quantity and
concentration. These densities thus depend upon the crop, its
tilled acreage within a county, the total couﬁty size and the
residue removal rate. Figure 2 surmarizes the supply-demand
data for typical plant-county crop combinations at various

residue removal rates and supplemental fuel rcplacement levels.

Shipping costs are estimated by c¢onsidering a planl 1u bse the
origin of a circle surrounded by redresentative acres of a
particular county, and computing a supply radius, R. representing
the maximum radius of influx needed to support the demand on a
continual basis. The shipping radius, R, is estimated by
computing the average straight line distance from the origin

to any point within the supply radius and is given by R = R/\{2.

This average shipping radius is useZ in conjunction with a
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value of cost/ton-mi to determine shipping expenses.

Figure 3 shows the relationship between the supply radius, the
demand, and the residue density. This figure in conjunction
with Figure 2, can be used to estimate the Supély and shipping
radii for various plants, fuel replacements and removal rates.
For example, to supply the Fairmont plant with corn residue
would require a suﬁply-radius of about 9 mi. with 100% BTU
replacement and 15% residue removal, but it would decrease to

3 mi. with 100% rémoval. Note that if densities are considered
to range up to the values in Figure 1, thén Figure 3 applies

to the energy farm concept, where a firing unit is surrounded

by tilled acreage.

FLOW MODEL: OVERVIEW

A system flow model was developed as a basis of accounting
for the dollar and energy consumption associated with each
operaﬁion involved in moving residue from the field to a
b@ilerf The approach assumed that residue is available in the
field after cash crop harvesting has been completed. The
effect of;this_starting point is to exclude the dollar and
energy coéts‘assoqiated with field preparation, planting,
aﬁd cpltiyating of the crop that produces the residue. This
was assumed to be a legitimate starting point as these opera-
tions are already charged as the cost of producing the cash
crbp;_ Also, the approach only takes into account the energy

requipedvto:operating'the{machines making up the system. It




does not account for the energy required to construct the
machinery and provide building materials, since it was desired
to determine whether it would be energy feasible to use
existing machinery in the collection, transport, and processing
of residues for use as fuel. The crop residues were treated

in the two previously mentioned categories of large grains
(corn) and small grains since each require different processes
to prepare them for collection, and equipment capacity is
directly related to the amount of residue available per acre,
-which for corn, averages about two and one-half timee as~much

as the small grains.

The flow model consists of a sequence of activities, some or
all of which are required to reméve the residue from the field
and deliver it to the boiler in useable form. Ten possible
sequential stages were identified as composing this sequence
and are shown in Figure 4 as groupcd into three major sectors.
Within each stage, there are numerous types of cquipment, or
"operation blocks", which could perform the task. The numbers
in parenthesis indicate  the number of different operation
blocks at each stage. As residue flows through an operation
block, there results a consumption of energy and dollars as
measured in terms of fuel cost use, man-hours, twine footage,
and investment and operational costs for the respective
equipment. For each operation block (149 were identified),
this data was gathered, and using accePted means, was converted

to units consumed per ton of residue flow. The operations
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could also alter the form of the residue, which included
smail bales, roll bales, three sizes of stacks and the shredded
form. It was presumed that when the residue leaves stage

10 and enters the boiler, it had to be in the shredded form.

The term "strategy" was used to describe a particular sequence
of operation blocks, one at each stage, and a strategy was
evaluated by determining the total dollar and energy costs

for the simultaneous operation of all the chosen blocks.
Obviously, there are numerous possible-strategies, involving
varying degrees of labor, energy and capital intensity. The
flow model format provided a means for identifying and equitably
comparing the numerous strategies, with each operation block
treated in the same manner, and facilitating both the collec-
tion of data and the accounting of dollar and energy consumption.
This level of feasibility is necessarily rough, avoiding such

- items as ﬁarvest scheduling, manpower and equipment availability,
and weather effects, but if a system is not flow feasible, it

1s useless to explore these further details of the day to

day operation. The model does include storage activities, 5oth
on the farm and an explicitly constructed storage facility

at the power plant.

"FLOW MODEL: DETAILS

This section describes the manner in which energy use and

dollar costs were determined in the various operation blocks.
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Individual Operations

The activities of each stage can be accomplished in a variety
of ways depending on the machinery used with a total of 149
different operations being identified. Each block in one stage
cannot necessarily interact with all the others in the following
stage since different forms of residue. are produced 5y the
various available collection machinery. It was necessary to
mdﬁitofrthé fofms becaﬁse their stofagé and handling charac-
teristics differ according to size and density which are
outlined in Figure 5. Within each stage, (except storage),
each operation block was treated as a flow element which could
transform the form of the residue and consume resources.

Figure 6 shows the general flow mocel used for each operation
block. Four coefficients were assocciated with each block,
indicating the amount of fuel, twine, man-hours, and ownership

cost that are required to support the flow.

Flow Coefficient Determination

Ownership cost was calculated using accepted methods of the
ASAES, and was composed ot three parts: depreciation, Ffixed
costs, and maintenance and repair. Straight line depreciation
over the life of the machine in hours was used with a salvage
value of zero assumed. Fixed costs were: interest on the
remaining value, insurance, taxes, and housing for the

machinery. Total life value of these fixed costs was assumed

to be 6 per cent of the purchase price of the machine.
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Repair and maintenance costs were calculated as per Reference
3. The result_of adding these three costs together was a
dollars per machine-hour cost of ownership. A consequence of
basing the cost on the useful 1life of the machinery is that an

ownership cost i1s only incurred if the equipment is active.

The fuel consumptions, in gallons per machine‘hour, of
appropriately sized power sources within the operation blocks
were taken from Nebraska Tractor Test Datau, and machine-~hours
per ton.and man-hours per ton were computed under thé following
assumptions.

1. As a statewide average, small grain harvesting
operations result in windrows of residue spaced 13.5 feet
center-to-center.

2. The fastest way to process corn residue for collec-
tion was to chop up the stalks using a rotary cutter and
then rake'the‘éhépped material into windrows.

3. Stackwégons can collect the corn residues as left
by the harQesting operation.

4.":Singie~unit trucks were realized 9.36 mpgs, maximum
,traéfor'road‘speed was 15 mbh,'and maximum truck road speed
was 40 mph.

5. ﬁaéhinery field operafing speeds and field efficiencies

were averages taken from Reference 3.

The interactions of field speed, field efficiency, windrow
width, and tons of residue per acre combined to give a measure

of the number of machine hours per ton required to carry out
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the action of a particular operation block for the stages of
Precollect, Collect and Retrieve. For the other operation
blocks, eicept those in stage 6 (Srip) the interaction of
average distance traveled, average load carried, and average
speed combined to give a measure of required machine-hours per
ton. The labor requirement, in man-hours/ton was computed from
the machine-hours/ton requirement and the number of men required
to handle the machines and material! produced. The fuel con-
sumption, in gallons per machine-hcur and the ownership costé,
in dollars per machine-hour, were rultiplied by the appropriate
machine-hours per ton figure for that block to arrive at a

gallons per ton and a dollars per ton characteristic.

For shipping, stage 6, coefficients were developed in terms of
units per ton-mile by dividing the various parameters ($/hr.,
gal/hr., etc.) by the average road speed and average load in
tons of the equipment composing the operation block. Actual
dollar and energy consumption then utilized the average shipping

radius, R, for a particular site.

Two types of storage facilities wera considered: silo storage
and flat surface storage, each incurring an ownership cost.
The size of sforage was determined from the number of days
supply of residue that were to be inventoried which was taken
as 90 days. The cost per ton of a specified type and size of

storage facility was determined using the construction cost,
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a 20 year lifetime and the residue flow.

EXCLUSIONS

During model construction, certain items were considered for
inclusion and subsequently either discarded or treated jn an

indirect manner.

Drying and Transshipment

No residue drying operation was included, since collected
residue was assumed to contain only 15 to 20 per cent moisture.
This is low enough so that pile heating and spoilage, both of
which result in a degradation of the residue BTU content, are
negligible. In addition, this moisture content presents no
problems for grinding or firing the residue in the boiler.

The presently available grinding equipment, the characteristics
of which were used in the model, are all designed to normally
operate on materials with this moisture content. Also, low
grade coal can run as high as 30 to 40 per cent moisture and

coal of +this type is routinely fired without problems.

No transshipment activity was included as all the shipping
radii were small. It was decided that, considering these
short distances (usually less than 13 miles), the dollar and
energy costs of two more handling operations, loading to an
unloading from the transshipping vehicles, would more than
offset any savings realized by utilizing a more efficient mode

of transportation.
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Boiler Modification Costs

Figure 4 shows that stages 1-7 are required to collect and
deliver residue to a power plant and stages 8-10 occur at the
plant. There is one more stage which is not explicitly con-
sidered, but certainly plays a role: Boiler Modifications.
This refers to an amortized first cost and possibly an opera-
ting cost of performing the modifications necessary to adapt
a boiler to the firing of residue as a supplementary fuel.
This only includes modifications to the boiler itself, since
stages 8-10 account for the at-plant preparatory operations
of unloading, storing and shredding-blowing the residue.
Thus, two categories of possible modifications at the plant
were defined:

Plant Modifications, which refers to all changes needed

at a plant in order to use residue as a supplemental fuel.
These modifications include the activities of stages 8, 9, 10,
dealing with unloading, storing, and grinding, and boiler
modifications.

Boiler Modifications, which refers only to necessary

changes to the boiler itself.

Originally, it was intended to estimate the boiler modifi-
cation costs, but the uniqueness of each boiler installation
foiled an attempt to categorize the units on a "needed modifi-
cations"”" basis within the time frama. O0f course, firing resi-
due is not new technology, but assessing modification costs is

an individual matter for each boiler. Modifications could
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run from virtually nil in a cyclone type boiler to cutting

into the side, sealing some water pipes, setting up controls,
etc. The exclusion of such costs does not imply that they
were neglected. Fortunately, this was the only operation that
could riot be costed on a uniform basis, so as will be discussed
shortly if a strategy is termed "system feasible", it will
imply that a supply of funds is available on a yearly basis

which could be allocated to boiler modifications.

Management and Profit

The ability to assess the entire operation raises issues

as to the manner in which the dollar costs were established.
Considering the system as a whole, many types of management
schemes are possible, from a fully integrated system with a
single organization directing all the stages of activity to
at least three individual entrepreneurs directing the On Farm,
Shipping and Plant sectors respectively. Furthermore, the role
of profit incentive may vary, from an integrated corporation
viewpoint, to the three entrepreneurs, or a cooperative,
which is familiar in many rural areas. In the setting of
these diverse management schemes, the accounting scheme used
herein focused only on the dollar costs needed to own and
operate the various alternative systems. Costs are incurred
for labor, fuel, twine and equipment ownership including
depreciation, fixed costs and maintenance. There was no
value added to any operation which would reflect additional

economic incentive or managerial expenses. Thus the cost
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figures obtained represent the actual direct costs to own

and operate a particular strategy on a dollars/year basis.

EXPLICIT MEASURES OF ECONOMIC FEASIBILITY

Two measures of economlc cost feasibility are considered;

one treats a "system" as including only stéges 1-7, comprising
the On Farm and Shipping sectors. The associated cost/ton

of residue would be the as delivered cost to the door of the

power plant. If this were less than an equivalent BTU amount

of coal, the associated system is termed Delivery Feasible.

This viewpoint treats all associated power plant costs as
"outside" the system, letting any required modifications
become the concern of the plant. Thus, the difference
between the cost/ton or residue and an equivalent amount of
coal, multiplied by the residue throughput would yield a
dollar/year value that could be distributed as an incentive
among the On Farm and Shipping sectors, and uced to fund the

necessary modifications to the plant.

Another measure is System Feasibility, which describes the

situation when all the stages, 1-1C, yield a cost/ton value
that is less than an BTU equivalent amount of coal. In this
case, the cost difference would produce a revenue to be dis-
tributed both as an incentive to each sector and supply funding
for only boiler modifications, since the plant modifications

of stages 8-10 are already included in the cost. Obviously

a strategy that is System Feasible will be Delivery Feasible,

but not necessarily vice versa.
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It was recognized that these measures of feasibility do not
produce clear-cut recommendations, but it must be acknowledged
that with many possible management schemes, and with various
views on the utility of energy production and supply, there is
room for a diversity of opinion as to the role of monetary
incentive. Also, the responsibility for plant modifications
may be legitimately viewed as "outside" the energy supply
system. For these reasons, the feasibility measures employed
focused only on actual costs which must be incurred. A
feasible system in this interpretation is then one which makes
available a yearly flow of funds produced by the difference
between the current cost of coal and an equivalent amount of
residue. These funds could be used to provide incentives

at various stages in a system and to make appropriate modifi-
cations at a plant. Whether or not these funds are indeed
sufficient depends upon the various entrepreneurial actors in

a system and the current situation at a power plant. Obviously
a cooperative management scheme for a small plant may find the
funds sufficient, but the same system, operated by a sequence
of individual entrepreneurs with different economic incentives
may not. Naturally, a strategy that makes more funds available
1s realistically potentially "more feasible", so this viewpoint

does provide a means of comparing alternate strategies on this

basis.,

RESULTS

The following summarizes the results of applying this method

of feasibility analysis to selected coal fired plants in
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Minnesota. Of the 29 plants considered, those with a yearly

energy consumption below 2.5 x lO12

BTU/year and located in
"farming areas", could be supplied with 20% supplemental fuel
using 15% of all available residue from an area within a 13
mile radius of the plant. With 100% fuel and 15% removal, the
radii do not exceed 29 miles. This suggests that transship-

ment is unnecessary, and also that local supply of fuel is

possible.

Thirty-eight (38) alternate strategies were examined, encom-
passing the forms of small bales, roll bales and stacks, and
split among two representative power plants. Fifteen (15)
different corn strategies were run, based on the Red Wing plant
and 24 different small grain stretegies were run, based on the
Crookston plant. The parameter values used in all cases are
shown in Figure 7, and the average supply radii were under

10 miles. As an example of typical strategy, Figure 8 shows
the detailed operation blocks for a roll bale operation. This
format illustrates the distribution of fuel, labor, twine and
capital on a per-ton basis. Figure 9 Summarizes‘the‘cost and
energy flows associated with the yezrly operation on a sector

by sector basis.

Similar analyses were performed for all strategies and Figures
10 and 11 summarize the cost and fusl use for the collection-
delivery stages (1-7) and the systen wide operation (1-10).

Each point represents a different s*rategy, with the previous
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one denoted by point A. Cost scales are shown in dollars/ton
of residue and dollars/million BTU, assuming 16 x 106 BTU/dry
fon and 15% moisture. The delivery system cost/ton ranged
from $4.67 to $10.17 and the delivery system cost/ton ranged
from $7.75 to $14.55. System wide energy consumption was
always less that 4% of the potential heat energy contained in
the 15% moist residue. In terms of fuel consumption, the
deliycry gystem use ranged from 1.1l9 to 2.89 gal/ton. The
system wide fuel consumption ranged from 2.17 to 4.16 gal/ton.
Exhaustive searches among all strategies were not attempted,
so patterns should not be interpreted too rigidly, but certain
cursory observations can be made from the data clusters.

Roll bale systems result in lowest cost while small bale sys-

tems give the highest costs. Stack systems are used more

etticiently with the Ligher density corn residue.

CONCLUSIONS

A method of accounting for dollar and energy costs of alternate
combinations of operations to support the COllecfion, shipping
and preparation:of residue for firing was developed and applied
to representative utility boilers in Minnesota. The method
treated each activity as a flow element which could consume
labor, twine, fuel and ownership costs on a per-ton basis.
Yearly flows wefe'coﬁéidered with a 15% residue removal rate
and its use as a supplemental fuel supplying 20% of the BTU
consumption at a plant. Ten separate stages of activities were

identified, each performing a different function, and these




were grouped into the three sectors of On Farm, Shipping and
Plant. The analysis utilized a uriform means of accounting,
so comparisons could be made both among the different strate-
gies and among the different sectors. Energy use and dollar

costs for various strategies were summarized graphically.

The methodology is of importance in itself since the situation
is not unique to crop residue'utilization. The issues raised
in this appliecation and their rcsolution, within a framework
of realistic assumptions and uniform analysis, are thus
prototypical of a responsible feasihility analyeis requiring
the equitable evaluation of alternzte technologies in an
environment of regionally influenczd supply and product demand.
For example, Figure 3 can give an estiﬁate for shipping radii
under a variety of circumstances, due to the flexible manner
in which density can be interprected, and Figure 10 can apply
to any end use where residue is being supplied to an off-

farm site under the previously given supply-demand conditions.

Specific results were given for typical sized plants, and it

was shown that when considered on & per-year flow basis, the
cost of owning and operating a system which supplies local
residue to a plant could be competitive, especially with
selected roll bale equipment. The lowest cost strategy incurred
costs of $0.34 per 10° BTU for residue delivered to the plant

(stages 1-7) and $0.57 for a syster wide operation (stages 1-10).
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Such systems are efficient energy users, consuming only

2%-4% of the energy potential in the residue.

The cost figures compare favorably with the $.35-$2.00 per lO6
BTU range for caal. A difference in cost of $0.10/106 BTU
translates into $1.36/ton, so these figures can be used to
determine the available returns on a reéidue flow basié. For
example, a current coal cost of, say $l.56/106 BTU, compared to
the system wide cost of a typical corn strategy using stack
wagons of $0.75/106 BTU would yield a difference of $10.20/ton

over and above the labor, fuel, ownership and maintenance

costs. Since the costs considered did not include a profit

at any stage, an entrepreneurial cost nor boiler modification
costs, the difference could be utilized for these purposes.
The methodology provides a means of viewing these aspects in
perspective and identifying their proper role in a feasibility

determination.

However, it is well to remember that such a system does pay
for itself in terms of labor, fuel, twine, equipment and main-
tenance. Also, one must acknowledge that some staff at the
plant are already doing ordering and scheduling of fuel
shipments, and so a dimension of the management is being
accomplished. Realistically, while one may not become wealthy
6

with such a system when coal costs are below around $1.00/10°,

a breakeven operation could be envisioned. And, it could have
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certain, non-economic aspects, such as local off-season
employment opportunity, local coopsrative management, and
meeting a local energy need with a local resource, which
would lessen the dependence upon the vagaries of the outside
energy market. ‘Such a system could provide a viable alterna-
tive to depleting fuel supplies ani a means of encouraging

community involvement.
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RESIDUE, TONS/

CROP TILLED ACRE
Soybeans .870
Corn 2.604
Wheat 1,167
Rye .980
Oats .896
Barley 1.080°
Flax . 378

Fre 1
P Starr
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DEHAND‘(IO6 BTU/YEAR) CORN DENSITY (TONS/COUNTY ACRE)| DENSITY(ALL)(TONS7COUNTY ACRE
. 20% 60% 100% 15% 30% 100% 15% 30% 100%
PLANT COUNTY REPLACEMENT  REPLACEMENT REPLACEMENT| REMOVED LREMOVED REMOVED | REMOVED REMOVED REMOVED
ALEXANDRIA DOUGLAS 15,220 45,650 76,102 ,0us .095 ~.318 ' .087 +175 .583
BLUE EARTH FAIREAULT 17,260 £1,778 " 86,297 .130 «259 .864 .134 .389 1.298
BEMIDJI ST BELTRAMI 36,000 108,000 180,000 +0005 .0010 . 003y . 002 .005 .016
CROOKSTON POLK 98,428 295,285 492,142 «006 . 012 .039 .083 +166 .553
ELK RIVER SHERBURNE 189,344 568,000 946,720 . 040 «079 « 264 . 054 ) .108 .363
2
&
FAIRMONT MARTIN 48,u0C 145,200 242,000 105 +290 + 966 « 204 410 1.365
FERGUS FALLY OTTERTAIL 1,949,18€ 5,847,560 9,745,932 +034 068 . 227 « 067 .135 .hue
RED WING GOODHUE 118,332 354,998 591,663 . 091 »182 .608 +116 «232 <774
ROCHESTER OLMSTEAD 502,18C 1,506,540 2,510,901 .089 »178 «595 J114 «227 .758

iy

™
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ENERGY DEMAND, 10° BTU/YR.
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Small

Y
. et

™ Stage 1 Stage 2 Stage 3 Stage U .
Precollect Collect |t Retrieve Transfer
- to Farm N
€3) (2y) (26) (1)
\Residue )
ON FARM SECTOR"
Stage 7 Stage 6 Stage 5 4}
//’* Unload Ship Load
r (21) (22) (23)
SHIPPING SECTOR
Q&::; Sitage. 8 Stage 9 Stage 10
—X .
* Process for —f Process for
ﬂﬁ Storage Storage Firing
(6) 4) (3)
POWER PLANT SECTOR
DESCRIPTION OF STAGES
1. PRECOLLECT: Prepare loose residue to a form suitable to be
picked up by a baler or stackwagon.
2. COLLECT: Pick up loose residue from the field and create
bales or compacted stacks.
3. RETRIEVE: Stack residue pPPkaqu for later pickup or pick up
bales or stacks from field for transfer to farmstead.
4. TRANSFER TO FARM: Move bales or compacted stacks to the farm-
stead, unload, and stack.
5. LOAD: Load residue onto long haul shipping equipment.
6. SHIP: Transfer residues from farm to place of use.
7. UNLOAD: Unload residue into storage facility or onto
dumping ground.
8. PROCESS FOR STORAGE: Prepare residues for storage.
9. STORAGE: Specify sizec cf residue inventory and type of
storage facility to be used.
10.. PROCESS FOR FIRING:  Prepare residue for 1nject10n into boiler

feed system.

,:—U 2
P.SHARR.
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AVERAGE AVERAGE TWINE
WEIGHT DENSITY USAGE
FORM AVERAGE SIZE (1bs) (1b/ft®)  (ft/bale)
Shredded @ = = = ecccmmmmmemee -— 3.5 -
Small Bale 14" x 18" x y2v 60 9.6 18
Roll Bale 6' dia x 5' long 1350 9.5 197
3 Ton Stack 15' % 7' x 11! 6000 5.0 -
6 Ton Stack 20' x 8' x 11° 12000 7.6 -——-
8 Ton Stack 16' x 12' x 15! 16000 , 6.5 -—-
Fig S
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Residue
Residue
Tons of
Residue
Cost of
Cost of

Cast of

energy value
moisture content
residue/tilled acre
removal rate

twine

labor

fuel

BTU fraction supplemented

Storage

inventory at plant

16,000,000 BTU/dry ton

15%

15% of available

$3.57/1000 ft

$2

$.

20
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‘Figure 1

.50/hour

50/gallon

%



CORN
RESIDUZ
8700 TONS/YR

ith valz
matdr on sricder, #0

MAN-HAS OWNERSHIP OWNZRSHIP OWNERSHIP
PER TON G/ G/ SV
L1478 JHALR 1.107 .1§7~
| ! '
X Ve
; - e 1
{Frecollect) (Collect) (Retrieve) Yrarefer
’ to
CiI'TRAKy chop cgrn- JTMVECsstacx three  fanm ;
stalks with 13.6 ft {iBl1C1 bale cornstalks LJ0ig rell Dales into y S
M rotary cutter, windrow »using big roll baler piie fin fiexd; 66 [r—— i g
#ith 11 ft rake; use pulled by 70 HP Wi trzctes, big haie S2iF i §
117 ¥P and LS H tracior fork o
Jtractors rezvectively ) ] :
% I —_— !
T ] |
. 1478 .B294 . 08599 263 .« 5974 :
I'ATH~HRS GAL/TON EACH-HRS F/TON GAL/TON %
PER TON FUEL PER TON TAING I i }
MAN-HRS ¢
PER TON. :
1
027 !
! _x_ ;
(UnToad) {0 p) H
RBTRUK: same as RBTRUK)  medium welgrt é
: : truck used to <rangfer 3
ship but only cost #3 residues to power - H tractork -
: niant with yront end
is due to labor by isader and bip hain| o
drivec. radius = &,89 miles forx o
¥ f @
i
L0172 . 0272
OWNERSHIP  GAL/7CN=NILE ACH-HRS
OWNERSHIP - $ /70N FUEL ON
ETNE e OVEREZAD £HARIID X
1.4023 +89 STORASE CO
g ) “I—
(Process) (Prozess)
) ) (Store)
grind roll SIL0: Store shred- FIRE

tubsrinder
v moterial into
0 HP tractor
forc, 220 EP

retar on lowaor

ded residue in silocd
Select conecrete con-
structian and a $0-
day capacity.

ma—

3L

S¥y convey shredided
terial to baller
feed sys=am via silec
uniosdaer

FIGURE 3

bempmasrid  RTSIDUE




10¢€

COST COST COST

: ‘ SN
0.191 x 10° BTU/TON  0.02-x 10° BTU/TON | 0.155 x 10° BTU/TON

Delivery' System ————————1

$4.36/TON $.87/TON $3.17/TON
l |
CORN ! |
RESTDUE I: FARM SECTOR | SHIPPING SECTOR , | PLANT SECTOR
8700 TON/YR. | (Stages 1-4) (Stages 5-7) l (Stages 8-10)
{ l
' l
' |
: ENERGY ENERGY | ENERGY
|

Total System

__T__
S

ne
27
A ~Q

— mm G, m—. ~—mun —————  w—




(40}
GALLONS/TON

he

2¥=y3 4
o’

FUEL USE,

at
©
A = stack
° = poll bale
2.5..{. + = small bale T - “’\
ad \ /,/’. <\
s a NI |
2+ / °S‘t:‘.a.ck and Roll Balée //' , . [
A Systems // . /
| / ° a 4
'/ Ao A a /// Small Bale /
/. © -] 4 // / Systems /
/ e -& o /
Ls’f’ a o8 I /
o UG v
“AO A AAA // \ . /S .
~ ® e
< COST, $/TON
<= |
™ ) 1y ¢ t : 4 ot
* 5 & 1 9 10 1"
N ; : : t —t e
03 .4‘ .5 .6 . .7 .a

COST, $/10° BTU




€0t

stack
roll bale

small baie'

/

. \ * ° A
Z -, Roll Bale a \ ° /
e : 7 e ' C} ~ e
S A -/ : Systems — g~ —
= 31 -/ Q . / —_—— T T
9 f o 7 ,,-"" )
| . © }& O 7z 7 e 4
e \ o . - A/
W \ . ;/ a a ./
- ° 7 a
5 2 A\ o & a a « 7
5 25 N - ’l 8 Stack ’ _ -~
B , ,

. -~

§v \ a Systems _ -

‘Small Bale

s Systems

7

. —

COST, $/TON

m.-

ol

14

v

/" /3

J
ot

S

s

A

i

S

2

/.0

cosT, $/106 BTU

o
04



USE OF. CROP RESIDUE TO SUPPORT A
MUNICIPAL ELECTRIC UTILITY*

by

N. Dean Eckhoff
in collaboration with

William H. Johnson
Thomas W. Lester
Richard K. Koelsch
Stanley J. Clark
George H. Larson

I. Introduction

The Pratt Problem

Pratt, Kansas is a medium-to-small sized city, the county seat of Pratt
county, located in the south central part of Kansas about 80 miles west of
Wichita. The approximate 6500 Pratt citizens depend, primarily, on their
municipally-owned electric generating plant and, secondarily, on an inter-
connection with the Western Power Division of the Central Telephone Utilities,
for their electrical service. The present approximately 25 MWe plant is fueled
with natural gas, and. fuel o0il is used as a back-up fuel source.

Fuel supply for Pratt has not been a problem until recent years when they,
like many other large natural gas users, have experienced nagging interruptions
in service. In fact, Pratt officials have been alerted to the fact that a con-
tinuing supply of natural gas will not be available. The back-up fuel supply
is expensive and likely supplies will be unavailable or scarce in the near
future. Also buying bulk power from other utilities is just too expensive
because of the long distance between Pratt and any ''secure' electrical generating
plant. Therefore, Pratt officials must find fuel supplies with which to main-
tain their electrical generating independence. Options are limited with a
conversion to coal being the most obvious. However, renewable energy source
options should be carefully studied before a committment is made.

Kansas, a Wheat State

Kansas farmers plant about 11 million acres per year to wheat; from which
they produce about 350 million bushels of wheat annually. Wheat is very impor-
tant to the Kansas economy. While present varieties of wheat are not very
efficient biomass producers, we estimate that at least an average of 20 pounds
of wheat straw per bushel of wheat can be removed for other uses without seriously
impacting soil conditions, i.e., depleting humus, promoting more water evaporation,
or promoting more wind erosion.

*Primary funding for this study was provided by the Ozarks Regional Commission.
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Kansas, Rich in Renewable Energy Sources

Kansas is rich in renewable energy sources. For example, Kansas receives
daily solar energy which is about 3.5 times its total annual energy requirements,
i.e., 3.2 x 10'° Btu from solar energy are received daily and about 0.9 x 10'%
Btu of various energy types are consumed annually. Additionally, in about 5
hours of average wind conditions, Kansas receives the equivalent of its annual
energy requirements in the form of wind energy. Of the solar energy received
annually at least 57 of the annual energy requirements of Kansas are stored in
"removable'" wheat straw. With the development of new varieties of wheat and new
farming techniques, we could easily increase this percentage to 25% to 50% of
our energy needs. There are, of course, other crops which produce residues
capable of being used as an energy source; some are much more efficient at
biomass production than is wheat. For example, Kansas-grown sorghum can pro-
duce annually about 17 tons of biomass per acre, most capable of being removed;
contrast this to the 0.3 ton of removable wheat straw produced annually per

acre.

Pratt Fuel Options

North of Pratt, about 5 miles, is a 35,000 head feedlot, which produces
annually a minimum of 50,000 tons of burnable refuse. This material is capable
of producing about 30% of the average electrical needs of Pratt's citizens.
Additionally, the citizens of Pratt produce an average amount of municipal refuse
and sewage sludge. These materials are probably able to produce about 5% of 10%
of Pratt's total electrical needs.

Any fuel options inquiry must recognize the existence of competitive markets
for the various energy resources. Coal must be obtained in direct competition
with other fuel purchasers. Contract negotiations are generally keen and require
considerable skill, especially when high-Btu, low-sulfur coal is under considera-
tion. The use of solar energy requires a substantial investment by the individual
users. In fact, Pennsylvania Power and Light who shared recently, via Electrical
World, experiences of their insulation and energy use efficiency improvement pro-
gram indicate that after a proper upgrading of the building envelope and heating
system a modest solar system would require between 53 and 67 years to payback via
reduced energy costs. The system they describe would cost, by their estimates,
between $6,250 and $10,000. There are no central station solar or wind systems
commercially available. Wind systems for individual homes are estimated to cost
even more than solar systems for individual homes. Thus, the dollars used for
these systems are unavailable for other uses.

Wheat straw can be used as a soil amendment, an animal feed, or for other
uses, such as, a feedstock for the production of paper or pharmaceuticals. Other
agriculture crops (sorghum, corn, etc.) have a significant benefit as an animal
feed. Feedlot manure has value as a soil amendment. At present municipal refuse
and sewage sludge are not used and, in fact, present disposal problems.

Hence, all energy options involve compromises. Tough decisions must be
made by energy suppliers and consumers!




II. The Pratt System Options

Figure 1 is a schematic of the various options which were considered in
this feasibility study.

Study Conclusions

1. Wheat straw and other crop residues as well as muncipal refuse and feedlot
manure can be used effectively to replace fossil fuels in the generation
of electricity. Wheat straw was measured to have an energy content of’
about 7000 Btu per pound with about 7% moisture.

2. There is enough wheat straw around the city of Pratt, Kansas to provide
for partial replacement of fossil fuels. We recommend a boiler designed
to operate with 80% coal and 207 wheat straw, on a Btu basis.

3. The existing steam turbines and generators can be used with only a new
furnace/boiler system required. ‘This system would cost approximately
$5,000, 000.

4. The cost of wheat straw (for field operations and tramsportation to the

boiler) is estimated from field tests to range between $25 to $35 per ton
for large round bales and stacks.

5. The nutrient value of the wheat straw is only about 2% of the energy
available in the wheat straw.

6. The whecat straw can be removed from the fields, prescriptively, to minimize
the impact of wind erosion. We recommend that all fields be modeled and
that the model be used to indicate how much wheat straw can be removed
before wind erosion becomes of overriding concern.

7. ‘The results of a survey of area farmerse indicated many (62% of those
returning their questionnaires) were unwilling to sell their wheat straw
residue. We teel the results are questionable and recommend a more compre-
hensive and detailed survey be conducted.

8. Production of biogas (with an energy content of about 170 Btu/scf) through
the gasification ot teedlot manure or crop residue is technically feasible.
A 20 MW electric generating plant based on manure feed to produce biogas
was Lthe most economically attractive gasification system for Pratt. This
required feedlot manure to be available from an area within a 40 mile

radius of Pratt. The capital costs for this system were estimated to be
about $12,000,000.

9. The wet oxidation of feedlot manure is technically feasible for preheating
boiler féed water, but the energy obtained from this process is not cheap.
Our analysis shows that the total capital cost would be about $6,000,000
and the equivalent cost of energy (with a load factor of 50% for the Pratt
system) would be about $5.50 per million Btu.
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*Residue must be disposed of, e.g., plowed back into the crop fields.

Figure 1. Schematic of the various options considered for the City of Pratt.




III. Recommended System for Pratt

Options Rejected

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 Avallability

Critical to the practicality of the use of wheat straw as a replacemient
boiler fuel is 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, Kingman, Kiowa, and Barber counties. This is
about 3.27 x 10'* Btu per year ot enough tu supply abeut 2.5 times the electrical
needs of the Pratt system (at an average connected load of 11 MWe and 257 thermal
efficiency).

Survey of Farmers

The optimism of these calculations is dimmed somewhat by survey results
which indicated only about 38% of the area 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 % 102 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 predicts. The results are probably mere indicative of
our naiveté in surveying farmers than their reticence tu sell surplus whcat straw.

Environmental Tmpact of Wheat Straw Removal

There will be slight environmental effects involved in the removal of the
wheat straw from the land. We recommend a prescriptive approach fto its removal,
i.e., only the amount should be removed as can he 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 their surplus wheat straw as a 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.
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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. 1In 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 wheat 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
frequent maintenance problems and special equipment is needed to transport the
bales to the field's edge.

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
at the boiler. The total depreciation of the equipment was charged against the
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 with low-sulfur, high-Btu delivered coal (a price of about
$35 per ton has been estimated for the coal).
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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.

Caution abuvut Estlmated 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 contain 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 quite low (less than 5%) in ash.  Sulfur
emissions as well as nitrogen oxides should present almost insignificant problems.
The method of combustion of wheat straw is apparently quite different 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 future. 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 the 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 approximately $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 officials are deliberating on the funding possibilities
for the construction of this system.
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For the future, we believe the furance/boiler will be able to be fueled
totally with biomass. The wheat straw may have to be pelletized to reduce the
volume and to increase its density. We believe analyses are needed to determine
the feasibility of using the condenser heat for district hot water heating. A
careful study is needed of the possibilities for blending high-sulfur coal with
low-sulfur coal and wheat straw for boiler fuel. New varieties of wheat need to
be developed which can produce high quality grains and larger quantities of
removable biomass for energy sources. We see present efforts at developing
cottonwood trees and other biomass crops on marginal land in Kansas as a very
promising source of energy. Certainly solar and wind energy will eventually
assume an important position as energy resources for Pratt citizens.
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A Progress Report

Direct Combustion of Crop Residues in Boiler Furnaces

by\

Wesley F. Buchele®

Summary :
Research was conducted on converting the energy value of cornstalks

to useful forms 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 the fall of 1975 nnd huvued durlug April 1976.

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 (0il and natural gas) 1is finite.

2. The major portion of the world's petroleum supply is owned
by foreign natioms.

3. The continuous supply of petroleum is by no means assurred.

4. The petroleum (a petrochemical feed stock) was being wasted
on low-priority uses such as:

heating and cooling buildings,

generacing electricity,

removing water from materials,.and

powering transport vehicles over land and water suifaces.

[« T o TN « o}

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 1urnaces could con-
tain no more 3 1lb. of sulfur per million BTU's of heat
generated. .

* DProfessor of Agricultural Engineering, Iowa State University, Ames,
[owa.




2. The "compliance coal" burned in new coal-burning furnaces that
burn more than 250 million BTU per hour caunnot release more
than 1.2 1b. of sulfur per million BTU.

The results of these two EPA regulations were to reduce drastically
the nation's reserve of usable coal and to shift the demand for coal
from the eastern coal fields to the western coal fields.

To meet the first regulation, Iowa coal (4 to 6% sulfur) must be mixed
with Wyoming coal (0.8% sulfur) to produce a burnable mixture in furnaces
and boilers of existing electrical generating plants. Compliance coal,
with less than 0.5% sulfur,is found mainly in the western coal fields,
.and even much of that coal must be run through a beneficiation plant to
bring it into compliance with standards for new plants.

Since that fateful fall, effort has been expended on a wide front
toward developing methods of utilizing renewable energy resources such
as wind, solar and crop residues. Little effort, however, has been ex-
pended in reconsidering regulations passed in more idealistic times.

Buchele (1973) and Green (1975) calculated the quantity of crop residue
biomass (that not harvested or that rejected by the combine harvester)
and found that this material represented one of the major unused energy
resources of the nation. The nation's farmers expend comsiderable time,
money and energy burying this crop residue with a plow.

Buchele and Green reasoned that the crop residue containing 0.06%
sulfur could be burned as a companion fuel with high-sulfur coal. This
would make possible the use of residue grown near steam-generating fur-
naces and materially increase the quantity of coal that can be burned.

Buchele (1975) discusses the need to leave one ton of crop residue in
the field distributed on the surface of the soil to protect the soil from
wind and water erosion. The use of conservation-tillage systems, includ-
ing planting crops on graded ridges, was recommended to protect the soil
from energized fluids. He proposed that cornstalks, besides being used
as fuel, be utilized as a chemical feed stock for the production of
methanol, anhydrous ammonia and furfural, a source of cellulose for paper
and wallboard production.

This report deals with the harvesting, loading, transporting, prdcessing

and burning of cornstalks 1n a steam—generatign furnace of a municipal
clectric plant.
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Utilization of Cornstalks by Farmers:

The above-average Corn Belt farmer produces ahout 120 bushels of corn
and about 6000 1b. of plant parts (cornstalks) per acre. The grain-to-
cornstalk ratio is about 0.53 to 0.47, respectively.

Today's farmer removes by grazing or harvesting for animal feed or
bedding, about 10 percent of the cornstalks. The other 90 percent of
cornstalks rejected by the combine are left in the field where they are
processed by stalk choppers and eventually incorporated into the soil to
varying degrees with primary tillage tools.

Research by Manneringand Meyer (1963), by Moldenhauer et al. (1971), by
Laflen et al. (1977) and hy Yazdanpanah (1976) and others has shown that,
when 2200 Kg/ha (1 ton/acre) of crop residue is left an the surface of
the soil, the soil losses by erosion will be kept within reasonable bounds.

If this residue-covered field (1100 Kg/ha) is farmed on a graded con-
tour with a conservation-tillage system, the soil loss by water and wind
erosion will be materially below the allowable loss limit of approximately
11,000 Kg/ha (5 tons/acre) prescribed by most soil conservation statutes
of the various states of the union. '

Research by Laflen et al. (1972) has shown that, of the soil carried
by water into the impounded area located behind tile-outlet terraces,
only 1/20 of the soil leaves the field with the water flowing out of the
tile outlets. The other 19/20 of the soil settles and collects on the
bottom of the terrace channel.

When graded rows with surface residue cover are farmed with a conservation-
tillage system located on terrace-protected land, the loss of soil by
erosion will be approximately 1/100 of that lost from fields farmed with
a conventional plow-based tillage system.

Williams and Doénen (1960) studied the effect of incorporating crop
residue and green manure into the soil on the infiltration rate of water.
They found that low-nitrogen crop residues (barley, straw and cotton
stalks) improve infiltration rate, while high-nitrogen green manure crops
(Sudangrass) do not materially affect the infiltration rate over fallow
(bare) soil.

Because of the need to control the loss of soil and water, Buchele

(1975) presented the budget shown in Table 1 for using cornstalks on a
Corn Belt farm.

314




Table 1

Budget for Utilization of Cornstalks

on an Iowa Farm

Total Production 6000 1b/acre
Left on surface for controlling erosion 2000 1b/acre
Utilized around the farmstead 1000 1b/acre

Total cornstalks used on farm 3000 1b/acre

Cornsgaiks available for on or off farm use 3000 1b/acre

This table shows that sufficient biomass is grown as supporting plant
structure with the corn crop to control loss of water and soil from the
land, dry the grain, heat the farm home, feed and bed the livestock, etc.
Approximately 3,000 1lb/acre still remain for use in the generation of
electricity and the manufacture of methanol and (or) anhydrous ammonia.

The crop residue uniformly distributed on the surface of the soil
protects the land in the following ways:

1. Prevents wind and water erosion.

2. Reduces.evaporafion of water from soil.

3. Reduces temperature of soil;

4. Increases water infiltration into soil.

5. Increases the quantity of carbonaceous matter in soil.
6. Provides a source of fertilizer.

7. Provides energy sources for soil microorganisms.

It also provides food and homes for insects for insects and rodents
and is a host for plant diseases.

The crop residue when plowed under:
1. 1Increéases the quantity of carbonaceous matter in soil.
2. Provides a source of fertilizer.

3. Provides an energy source for soil microorganisms.
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The farmer may utilize cornstalks in some of the following ways
around the farmstead.

1. Feeding livestock.

2. Bedding livestock.

3. Fuel for corn dryer.

4. Heating farm homes.

5. Heating other farm buildings.

As the energy shortage increases, ~ the farmer may install equip-
ment for converting cornstalks to other forms of energy or products needed
on the farm,

"l. Generate electricity.

2. Generate methane gas from wet organic matter.

" 3. Generate producer gas from dry organic matter:

4. Manufacture of methanol.

5. Manufacture of anhydrous ammonia.

The cornstalks not needed for preventing soil erosion or on the farm
are available for off-farm sale to commercial interests for:

1. Generating electricity.

‘7. Manufacture of mothanol.

3. Manufacture of anhydrous ammonia.
4, Production af furfural.

5. JProduction ot paper.

6. Production of hardboard.
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Economic Aspects of Harvesting 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
Disking stalks .2.84
Plowing stalks under : 8.09

Total cost for disposing of cornstalks : $16.82

Differential cost of till planting over _
conventional planting operation 1.00

Total savings from eliminating the disposal operation 15.82

The cost of harvesling and hauling 1% tons 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.




Table 3
Cost of Harvesting and Transporting of

Cornstalks and Replacement Value of Fertilizer

$/acre

Cost of harvesting 1% kons of cornstalks @ $10.70/ton $19.05

Transportation of 1% tons @ $2.00/ton 3.00
Replace fertilizer in 1) tons of cornstalks

N-0.01- - 2000 + 20¢/1L: - 1.5 - : - - - - . h.ON

P (0.003 + 2000 - 18¢/1b. - 1.5) 1.62

K (0.014 - 2000 - 8¢/1b, -« 1.5) ' 3.36

$33.03

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 817.21/acre or $11.47/ton.
Table 4

Cost of Harvesting, Transporting of Cornstalks

and Spreading Ashes and Additional N on the Land

§/acte

Cost of harvesting 1)5 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¢/1b. - 1.5) : . 6.00

Extra cost of handling and spreading N and ash (1.00/acre) 1.00

| $29.05

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 or $8.82 per ton.

Table 4 shows that any selling price received by the farmer over
$9.46/ton ($6.82/ton) is a clear profit.
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What is the Value of the Cornstalk?

In some areas of the country, cornstalk stacks sell for half the
price of alfalfa hay. One farmer paid $50.00 for 3 tons of stalks
setting in the field. "Another farmer paid $75.00 for 3 tons delivered,
for cattle feed. The value of cornstalk stacks fluctuates widely, de-
pending on the availability and need for hay.

The value of cornstalks, as a direct replacement for coal,, can he
calculated based on the cost of coal. But the extra costs of processing
and feeding cornstalks into the - furnaces are at best only estimates,

Wyoming coal cost $22.65/ton delivered to Ames, Iowa, on Jan. 1,
1976, and had a heat content of 9,561BTU/lb.The moisture content was about
407.

$22,65

- 6
9,561 BTU - 2000 1p. - °1-18/107 BTU

Cornstalks (1.5 tons/acre) are available for biomass utilization and have
a heat content of about 6,000 BTU/1b. (moisture content is 227).

2000 - 1.5 - 6000 - $1.18 « 1070 = $21.24/acre = $14.16/ton.

But, because of the low sulfur content found in cornstalks, 0.15%
(Morrison, 1954) to 0.06% (Green., 1975, Private correspondence), they
could be burned as a companion fuel with 5.2% sulfur Iowa coal, costing
£€17.15 delivered in Ames, with a heal voutent of 9,895 BTU/1b.

$17.15
9,895 BTU + 2000 1b.

= $0.87/10% BTU

The quantity of heat and sulfur for 1 ton 5.2% sulfur content Iowa
coal is:

9,895 + 2000 = 19.8 x 10° BTU of heat and 104 1b. of sulfur.

To meet EPA Emission Standards (3 1b. of sulfur per 100 BTU), the
heat content of the mixture of cornstalk and coal must be greater than:

1,000,000 BTU
3 1b.

104 1b. = 34.7 x 10° BTU

The quantity of cornstalk that must be added to a .ton of coal is
calculated as follows:

BRTU's of heat that must come from cornstalks:

34.7 x 108 - 19.8 x 10 = 14.9 x 10° BTU
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Weight of cornstalks added to each ton of coal:

14,9 x 10% BTU
2000 1b. - 6000 BTU/1b.

= 2,483 1b.

The equivalent value of Wyoming coal based on heat content:
$34.7 x 10% - 1.18 = $41.10

The price that can be paid less pfocessing cost for the 2,483 1b. of
cornstalks that must be burned with 1 ton of Iowa coal is:

$41.10 - $17.15 = $23.95
» The premium price per ton that can be paid for cornstalks is:

$23.95 - 2000 1b./ton _
2,483 1b.

$19.29/ton of cornstalks

If it costs $5.00/ton to handle and process cornstalks at the geunera-
ting plant, then the utility company. can afford to pay $19.29 - $5.00 =
$14.29/ton of cornstalks. The price received by farmers and net cost of
harvesting and transporting the cornstalks are as shown:

Table 5

How Much Profit Does the Farmer Make?

Maximum price utilities can pay for cornstalks $14.29 per ton
Net cost of harvesting cornstalks 8.82 per ton
Net profit to farmer $5.47 per ton

On an acre basis, the farmer will receive a net profit of $5.47 - 1.5 =
$8.21 per acre.

The Burning of Cornstalks as a Companion Fuel With Coal in the Ames Solid
Waste Plant:

The purpose of these tests was to obtain experience and data on the
utilization of cornstalks as a companion fuel in a municipal solid waste
recovery system in cooperation with the municipal government of Ames, Iowa.
The Ames Solid Waste Plant began operation on Nov. 1, 1975.
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The following factors were studied:

1. Harvesting of cornstalks.

2. étorage of cornstalk stacks.

3. Loading of cornstalk stacks in flatbed trucks.
4. Transporting of cornstalk stacks.

5. Unloading of cornstalk stacks.

6. Processing of cornstalk stacks.

7. Burning of cornstalks.

8. Management of the agricultural machinery associated with these
tasks.

9. Physical properties of processed cornstalks,

Harvesting of Cormstalks:

The cornstalks were harvested with a John Deere model 30 stack wagon
(Figure 1) between 10 and 20 days after the grain was combined. The
stalks were harvested from privately owned farms and university-owned
farms.

As now practiced (1977), cornstalks harvesting starts after the crop
residue (plant parts rejected by the combine) is dropped on the ground
and has dried to approximately 25% moisture content. Depending on the
weather and original moisture content of the stalks, this operation could
start 0 to 30 days or more after grain harvest. The stacks used in these
tests were harvested in Nov. 1975 and were burned in Apr. 1976.

The cost of harvesting cornstalks with a stack wagon is dependent
mainly on stack wagon size, expected life of equipment and number of
stacks harvested.

The cost of harvest includes dumping the stacks at the side of the
field where they can be easily retrieved later.

Storage of Cornstalks:

The stacks were placed along the edge of the field located near a
road and on both sides of culverts that bridge the ditch between the road
and the field. Other stacks were located along roads in the field. In
all instances, the stacks were placed on high ground. This was done so
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that they could be easily reloaded and hauled from the field without
rutting the field during wet weather or when snow covered the ground.

Because the fields were not in production, no cost was assessed
against the storage of the bales. If the cornstalk field were pastured
after the cornstalks were harvested, a fencing cost could be assessed
against the stack or bales.

The cornstalk stacks seemed in good condition (Figure 3). Little
rain or snow had fallen between the time they were made in Nov. 1975 and
Apr. 16, 1976. Some cornstalks were blown off the stacks during high
winds and accumulated around the base of the stacks. The cornstalk stacks
for Test 1 were dry and off good quality.

During the time between Test 1 and Test 2, 6-8 inches of rain fell
on the cornstalk stacks (Apr. 15 to Apr. 22).

The stacks at the time they were loaded for Test 2 on Apr. 27 and
28 were wet on the top, windward side and base of stack. The rest of
the stack was of low moisture content.

Test 1:

This test was conducted on Apr. 5 and 6, 1976, to determine the
magnitude of the shredability and associated dust problems of cornstalks
when processed in the Ames Solid Waste Plant and to evaluate methods of
loading and transporting cornstalks.

The following equipment was used during Test 1 to load and trans-
port the cornstalks to the Ames Solid Waste Plant: -

1. Chalabed stack mover.
2. Flatbed dump truck, 2% ton.

A chainbed stack mover designed for moving corn stacks and giant
round bales was used to load the stacks onto the flatbed dump truck in
Test 1 on Apr. 5. The stack mover was backed to the tirst stack, and
the stack was loaded onto the stack mover hy aperatinn rhe rhains in the
forward direction as the stack mover moved rearward and under the stack.

When the stack mover was loaded, the stack mover bed was adjusted
to the level of the truck bed (the truck bed could also be adjusted to
improve the transfer), and the chains of the stack wagon agaiun operated
in a forward direction to load the truck. '

The stack mover was then backed to the second stack, and the second

stack loaded. During this operation, which was tedious, several chains
broke. The stacks were hauled to the Ames Solid Waste Plant, located
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about 6 miles east of the field, at 9 a.m., Apr. 6, 1976. The cornstalk
stacks on the truck were dumped on the loading floor by raising the

dump bed of the truck. Because two chains of the stack mover were broken,
the John Deere Industrial Loader located at the solid waste plant was

used to push the cornstalk stacks off the stack mover.

The industrial loader was used to push the cornstalks into the
solid waste plant feceder system. The feeder belt fed the cornstalks to

the primary shredder at the rate of 50 tons per hour.

No problems were encountered with shredding the cornstalks, and a
dust problem simply did not develop. The shredded cornstalks were delivered
by belt and air transport to the Atlas bin. They were uniformly metered
from the Atlas bin into the air-conveying system, which transported the
material into the coal-fired, traveling grate, steam-generating furnace
(Unit Number 5). The cornstalks were fed as a companion fuel with 3%
sulfur content coal into the furnace at the rate of 4 parts coal to 1
part cornstalks (by weight). The capacity rating of the furnace was 500
tons of coal per day. Because there was solid waste on the dumping floor
and in the Atlas bin, a mixture of ground stalks and solid waste was
delivered to the boiler furnace for burning. *

Test 2:

Because no difficulty was encountered with the processing, transport-
ing, metering or burning of the cornstalks, the Solid Waste Plant manager
agreed to receive cornstalks on Tuesday, Apr. 13, 1976, beginning at
4:00 p.m. But information was received on the morning of Apr. 13 noL tu
deliver cornstalks because the Atlas bin was nearly full of solid waste.
The furnace burning solid waste had been shut down for repairs. We agreed
to start delivering cornstalks at 4:00 p.m. on Apr. 20, but rain began
falling on Friday, Apr. 15 and continued for nearly 1 week. '

On Monday, Apr. 26, after about 4 drying days, the ground seemed
dry enough to support the trucks and loading equipment. The following
equipment was used during Test 2 to load and transport the cornstalks to
the Ames Solid Waste Plant:

1. Forklift truck (capacity of 6,000 lb.)(Figure 4).

2. Four-tine fork from a B&C stack mover.

3. Industrial Ford Tractor equipped with a front end loader and a
backhoe.

4. An International Tractor cquipped with a front loader (Figure 3).




5. Five flatbed trucks 2% tons (4 trucks were equipped with flat-
dump beds and one had a nondumping flatbed. The load was
pushed off the nondumping flatbed truck at the Solid Waste
Plant with the industrial loader.

The stacks were loaded onto the trucks (Figure 4) and hauled to the
Solid Waste Plant on Apr. 27 and 28, 1976, starting at 4:00 p.m. on the
27th and finishing at 5:30 p.m. on the 28th.

Because the planting season was at hand, the cornstalks were moved
as quickly as possible to avoid delay of field work after the rain even
though the fields were quite wet.

Because of the wet ground, a special method of loading the stalks
onto the truck was used. An International Tractor, equipped with the
front end loader, was used to push the cornstalks (which had blown off
the top of the stacks and accumulated on the ground between the stacks)
away from the base of the stacks so that the tines of the forklift could
be placed on the ground next to the atarks, After tha cornstalk trach
was removed, the fork lift, equipped with B&C fork was driven to the
stack. The forks were lowered, and the fork-tines (using the tractive
power of the forklift truck, plus the tractive power of a Ford Industrial
Tractor equipped with the front end loader and backhoe) were shoved into
the stack of cornstalks. The tilt of the tines of the fork was important,
if tilted downward too much, they were shouved into the ground. If tilted
upward too much, the tines ran upward into the stacks and a part of the
stack was left on the ground when the stack was lifted.

The forklift truck was stabilized, preventing it from rearing over
frontward while picking up the stacks, by placing the front end loader
of the Ford tractor on a plate attached to the rear of the forklift.
Downward pressure was placed on the rear of the forklift by the use of
the hydraulic cylinders of the front end loader, and then the backhoe
itself was pressed against the ground to place the full weight of the
tractor on the forklift. L After the stacks were lifted by the forklift,
the 2% ton truck was backed under the lifted stack of the cornstalks,
and the stack was lowered onto the bed of the truck. By using the tractive
power of the forklift truck and the tractive power of the Ford tractor,
the fork-tines were pulled from under the cornstalk stacks.

At various times, the corn stacks would stick to the fork-tines,
and the stack would be pulled off the truck bed with rhe fork-tines when
retracted. The fork then would have to be raised and the fork 1lift truck
shoved forward again to place the stack back on the tractor. Two fence
posts (approximately 8 ft. long and 8 in. in diameter) were placed on
the bed under the stack and betwcen the tines of the fork. The cornstalk
stacks again were lowered onto the bed of the truck, and the fork-tines
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pulled from under the stack. The posts either were retrieved by attach-.
ing a chain to the post and pulling them from underneath the cornstalk
stack while the truck was still in the field or were retrieved as the

load was dumped from the truck at the solid waste plant. In this instance,
as the bed was tilted, the load of stalks would slide off. The posts
would roll as the load slid off and drop on the floor at the rear of
the truck bed. They were quickly removed before the load of stalks fell
on the posts. . .

If the load was not centered on the truck bed, the front end loader
was placed against the stack, and the tractor was used to push the load
into position. If the truck became mired in the mud of the field, the
industrial tractor equipped with a front end loader and backhoe was used
to push the truck (Figure 5).

The time of loading when no problems were encountered was approxi-
mately 5 min. It took much longer to load when the cornstalk stacks
stuck to the fork-tines and were pulled from the truck when backing up.
Once, it took almost 1 hour to load one stack on the truck.

Where the ground was too soft for truck traffic, the forklift truck .
was pushed under the corn stacks; then the tractor, equipped with front
end loaders and backhoe, was used to pull the forklift truck with the
corn stacks raised slightly off the ground to higher and dryer ground
until the truck could back underneath the load and have the load dropped
on the bed of the truck.

One time, the truck, which was turning around in the field after
loading and going rapidly to avoid becoming stuck in the soft ground
lost the corn stack in the turn; it was thrown off the bed by centrifugal
forces.

The cornstalk stacks have to be of good quality; the stack must
stick together to be loaded and transported. In one instance in which
the cornstalk stack was not properly tied together during the formation
of the stack, the top portion of the stack sheared from the stack and
slipped off the truck after loading.

Transporting of Cornstalks:

Once loaded, the trucks carrying the cornstalk stacks were driven
on the highways at approximately 25-30 mph. There was little loss of
cornstalks during transporting (Figure 6). We believe that weathering
and the 6-8 in. of rain, that fell during the preceding week were major
factors in keeping the cornstalks stuck together so that they resisted
being blown away while being transported.
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Unloading the Cornstalks at the Solid Waste Plant:

The floor of the solid waste plant had been cleared of solid waste
by 4:00 p.m. Apr. 27,'1976. The plant began receiving corunstalks at
that time and continued to receive cornstalks until about 10:30 p.m.

The loading equipment was moved at 10:00 p.m. from the west field to the
north field and loaded with cornstalks for morning delivery.

The trucks hauling the cvornstalks were drlven into the g0lid waste
plant (Figure 7), stopped at the scales and were weighed, were driven
forward again and backed up the unloading spot designated by the solid
waste plant floor manager. The truck hed was then hydraulically raised,
and as the load (Figure 8) slid off the rear end of the truck, the truck
moved forward during dumping to complete the dumping of the load of corn-
stalks. 1If there were any posts located underneath the cornstalk stacks,
they were retrieved at that time and thrown onto the bed of the truck
after it was leveled. The unloading time was approximately 2 min. when
the solid waste plant was receiving only stacks.

Cornstalk stack hauling began again at 5:30 a.m. on Apr. 28, When
the plant began receiving solid waste at 8:00 a.m., Apr. 28, the cornstalk
stacks were kept separate from the solid waste. The cornstalk stacks were
dropped at the rear of the building, and the s$olid waste was dropped at
the front of the building. An open road was maintained from the front of
the buildings, around the solid waste pile to the cornstalk stacks. Un-
loading time under these conditions was approximately 12 min.

The front loader was used to push the cornstalk stacks into a pile
at the rear of the solid waste plant and to feed the stacks into the
feeder system.

The solid waste plant began processing cornstalks at 6:00 a.m. on
Apr. 28, 1976. The shredders clogged with wet cornstalks around 7:30 a.m.,
and the floor manager of the solid waste planr tald the truck drivere to
stop delivery of cornstalk stacks. The last truck was dumped at 8:30 a.m.

When the solid waste plant stopped receiving cornstalk stacks at 8:30
a.m., the rrucks, forklift and tractorg were tranapavted hack i Lhe Agricul-
tural Engineering Farm. After the shredder was unclogged, the solid waste
plant manager agreed to continue receiving cornstalks at 10:00 a.m. It
took an hour and a half to reassemble the loading crew. Delivery of the
cornstalk stacks to the solid waste plant began again at 11:30 a.m. Corn-
stalks continued to be delivered from the north field until approximately
2:00 p.m. All the stacks that could be retrieved from the field had been
oaded. The loading equipment was moved to Lhe south field, and delivery
was continued from 2:30 p.m. until 5:30 p.m. at which time all the stacks
that could be retrieved from this field were loaded. The cornstalk stacks
hauling operation was terminated. In all, approximately 50 cornstalk
stacks were hauled in a 20-hr. period.
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The following is a summary of the transporting schedule:

1. Loading of corn stacks began approximately 2:00 p.m. Apr. 27,

1976, in the west field.

2. Cornstalk stacks were received at the solid waste plant at

4:00 p.m., Apr. 27, 1976.

3. Cornstalk stacks receiving was closed at 10:30 p.m. Apr. 27,

1976.

4. Cornstalk stacks were received from 5:30 a.m.

Apr. 28, 1976.

until 8:30 a.m.

5. Cornstalks were embargoed from 8:30 a.m. to 11:30 a.m. Apr. 28,

1976.

6. Cornstalks were received from 11:30 a.m. to 5:30 p.m. Apr. 28,

1976.

Management of Machinery:

Capacity and work efficiency were calculated from the data

during the test.
Field transport speed
Average highway transport speeds
Distance between field and processing plant
Total transport distance
Time loading
Time of unloading
Transport time 15 miles at 30 mph

loading
unloading
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40
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mph

mph
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minutes
minutes
minutes

minutes
minutes
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Tons per hour = 5 trucks x 2 tons x 60 min. = 15 tons/hr

40 min.
4:00 to 10:30 p.m, 6% hours
S:30 to 8:30 a.m. 3 hours
11:30 to 1:30 p.m. 2 hours
2:30 to 5:30 p.m. 3 hours

14.5 hours

The truck actually delivered 100 tons to the solid waste plant.

. _ 100 tons _ o
‘Work efficiency = 15145 tons 46%
The work efficiency was low because of the wet soil conditioms at the

time the test was conducted.

Shredding of Cornstalks:

The cornstalks were wet, and the rate of feeding of cornstalks into
the shredder was 15 to 20 tons/hr. The feeder to the air classifier
stopped up twice during the day, and the air classifier stopped up
approximately 10 times because of the wetness of the stalks and over-
feeding of the equipment. Discussions with the Ames personnel indicated
that, under the wet conditions, the wet portion of the cornstalk stacks
handled about like livestock manure and would have to be fed at the rate
manure is fed into the hammermill.

It 1s belleved that the cornstalks were about as wet as they would
ever be because they were received at the solid waste plant almost
immediately after more than 6 in. of rain had fallen on the stacks. It
is believed that the cornstalks would have dried out and would have been
in better condition had delivery been delayed to the solid waste plant.

It 1s, however, fortunate that we were able to conduct the test
under some of the most difficult conditions that will be encountered
during the handling and hauling of cornstalks. The wetness of the corn-
stalk stacks, as indicated earlier, might be a desirable feature as far
as preventing loss of trash while being transported on the highways, but
was an undesirable feature during the loading of the cornstalk stacks.
The stacks were much heavier than they would have otherwise been. They
also slowed the feeding of the cornstalks into the shredder at the solid
waste plant.
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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 at
the rate of 5 tons/hr.

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, L87%
2 to 4 in. 39%
4 to 6 in. 27%

The physical properties of the processed cornstalks being delivered from
the Atlas bin on Apr. 28, 1976, (Test 2) were determined by the power
plant personnel as follows:

Moisture content of processed cornstalks 30%

Welght per cubic foot - 4% 1b.

Heat content of wet material 4500 BTU/1b.
Heat content of dry material 6500 BTU/1b.

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.
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Analysis of Results and Conclusions:

These tests showed that there are no equipment restraints that would
prevent cornstalks from becoming a major renewable source in the Midwest.

Cornstalks can be harvested, stored in the open, transported, processed
and burned with existing equipment. As this energy source is utilized,
equipment will be automatically developed by the farm machinery companies
for improving the work efficiency of the loading and transporting phase of
the operation.
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Dr. Elmer Kiehl
Dean of the College of Agriculture
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Dr. Donald McPhee
Vice President of Kansas City Power and Light Company

MR. MILLER: As chairman I'm going to exercise my prerogative and
just say a few things before we get into our discussions.

First of all, I would like to congratulate the speakers and this
group as a whole because I practically have not heard the term "waste'
used. This is one of my pet peeves, because I think we have byproducts
and residues but they are no longer wastes. And Roscoe Ward started right
out the first day very nicely setting the pace for this. Some of our things
we used to call wastes are now things that may be vital resources.

. I would like to say that not a week gbes by but that I receive
perhaps a dozen, maybe more, letters from all over the United States, in
fact, all over the world asking about the production of alcohol by fermen-
tation, primarily from cereal grains. And I must say that from some of
these letters I have learned new names to call the Arabs, I have learned
new names to call the industrialists. They speak very clearly. And what
we may say in world ideas, a lot of our people in the United States do not
share this. 1In other words, they say '"these people blankety-blank so-
and-so who are putting us in all of this, let's forget them, I don't care
what the cost is, let's take anything that we can spare and let's make fuel
out of it/ and, of course, alcohol comes to the front.

One role that we have had at the Northern Regional Research Center
has been to try to put it to these people in proper perspective as we know
it. First of all we say that it has been shown that it is technically feasi-
ble to convert many of these materials and certainly cereal grains into ethyl
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alcohol. It is also technically feasible to use this alcohol, to some de-
gree, at least, as an additive into our motor fuels and it works very fine.
Unfortunately, if it's not economical to use alcohol as a fuel, then it's
not going to be used.

And I would like to commend what the Andersons are doing, and
what is being done in Nebraska in the gasohol research.

Nebraska is a unique state. It is an agricultural state, they
have situations that certainly are not the same in. Rhode Island, and there-
fore I am anxious to see how they come out and what they do in their whole
setup.

Certainly we must look at various factors as we go along. I am
shocked to see, as are many others, that when we ate our food today that for
practical purposes 10 Btu of energy went into every Btu we consumed today.

In general on the farm the best I have seen is that we are just about running
one to one today from a production standpoint. We are putting about 1 Btu in
for every Btu we are harvesting off. And by the time you take fertilizers
and you get it onto the food table, the ratio comes out at about 10 to 1.

I would like to again emphasize that as we look at alcohol the by-
products are extremely important, particularly the distillers' grains. I
believe there is a 34 cents credit for byproducts grain for each gallon of
alcohol produced. Dr. Scheller suggested a larger byproduct credit. These
byproducts are extremely vital materials. Why are they paying this much for
it? Because of its important oil, protein, and other vitamins and minerals
that are in this whole thing. Dr. Sheppard said in his talk that if the
corn is degerminated then you can get the o0il out of the germ and sell this
oil. I want to point out that that most of the oil and protein in the corn
is in that germ and this ends up in the distillers' grains. If it is not
there you are not going to get the 34 cents a gallon credit for the bypro-
ducts,

I have been emphasizing that distressed grain or low quality grain
may very well work just fine in Nebraska if there is enough of it. If the
grain is moldy, because of the aflatoxin and mycolotoxins that are found in
it, using thé byproducts will be ruled out by the Food and Drug Administration.
Until we know how to remove the aflatoxin and the mycolotoxins you are not
going to be able to use the moldy grain. You can convert the starch that's
in there to alcohol, but you cannot take this byproduct credit that is so
vital.
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Eight or nine years ago 1 was asked to bring together the alcohol
from grain production picture. I presented this at the wheat utilization
conference in Oakland, California. It opened Pandora's Box because it hit
the papers, it hit the journals and everything else. I said it was techni-
cally feasible to produce alcohol from grain, it was all a case of economics.
At that time, we had a tremendous surplus of grains and to a certain extent we
are back to that right now.

We must not overlook as we are producing our crops that for every
pound that we are harvesting, we are producing another pound or more. We
have already put the energy in it, we have already used the land, and overall
we must be sure that we make the best use of all of these materials.

I have implied by some of my talk certain criticism of some of the
things that have been said today. I don't intend to do that. I just think
that we need to be aware of exactly what the situation is and what it will
be.

While we are talking about grain, I would like to ask Dr. Duncan
to speak first, because he has also been involved in this study.

DR. DUNCAN: I would like to refer back to what Dale Moss said in
his speech. We were starting out with the fact that the energy that pro-
duces this biomass comes from the sun. This is the whole story. And as I
have listened to the presentations, I have gotten the idea that the whole
business of production and where you produced it was sort of a magic combin-
ation of unexplained mysterious events. I would like to sort of rationalize
a little picture about where biomass is produced and how much is produced
and why one plant produces more than the other.

I was at Purdue with another agronomist on a beautiful day in
Indiana with the blue sky and the sun shining and the temperature about,
oh, 85 or 90 degrees. We went out and looked at some corn in about July
and the corn leaves were a beautiful green. It was planted thick enough so
you couldn't see the ground. My companion said, "Bill, this is a 6-bushel
day." And what he meant by that was that under perfect conditions, corn in
Indiana would produce about 6 bushels a day. Reduce that to dry matter, it
comes to about 300 pounds. So if you just start out with the idea that the
best'producing crop, the highest producing crop under the best conditions
will make about 300 pounds a day, that is a good place to start from. Of
course, you have to have the temperature right and you have to have the
water right and you have to have plenty of sunlight, you have this corn thick
enough so that you intercept all the light. And there is nothing can beat
corn for the time on that one day.
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Now, as you go north, your growing season is shorter so you can't
produce as much, So no matter how you handle it, as you go north your corn
has got to be less. O0f course, the corn growers accommodate you by getting
corn that has a shorter growing season, but you cut your biomass yield.

Now, come back to Indiana, I don't know of any way you could in-
crease the yield except maybe by using this giant cane. I don't know a
thing about it, but since it's perennial and you have got the ground covered,
the only advantage the giant cane could have over corn is the fact that it
covers the ground a little bit quicker so you could get a little bit more
growth out of it.

As you go south, you get the corn that has a little longer grow-
ing season and you can grow a little bit more because you have more time,
more warm weather.

Now eventually you get down to a place where your corn does not
occupy the whole growing season and this is where kenaf comes in. I think
that Dale pointed out that a C3 plant produced about two-thirds of what a
C4 plant would in rough figures, so you think in terms of 200 pounds per
acre per day for a C3 plant. Well, if you have got a season that is too
long for your corn to use you can put a little kenaf in and kenaf will grow
less per day, but a few more days, so you have got to go fairly far south
to get enough time so that the kenaf willigive you more dry matter. But
again, of course, your giant cane will grow just as fast as corn and will
start quite a bit earlier. So you don't gain anything by changing from
corn to some of these other things, to kenaf and to the giant cane, until
you reach a point where your corn doesn't grow long enough to occupy the
whole season.

Now, we come to the question of water. TUp close to the cornbelt
you hear all these Nebraska people brag about their corn and Iowa people
brag about their corn., I don't think many of them know réally why they grow
it in the cornbelt. You are not in the cornbelt because you have got a more
favorable growing season, because it's even better in Kentucky and Alabama
and even Florida as far as the growing season is concerned. You grow corn
" in the cornbelt because you have got a lot of water stored in the ground.
You can store about 10 or 11 inches of water. This is just a built-in irri-
gation system., And where you have got that sort of soil, this is what it
takes to get your real production, because in Florida if we don't get rain
for a week, why, we have got a pretty serious drouth. OQur water storage is
less than an inch per foot. Up in Iowa, with 10 inches of water stored in
the soil, you can grow corn for a month and a half without rain, without
really getting hurt for water. That's the kind of land that you have to
put to its most profitable use.
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Another point I would like to make is that there is no plant that
has a secret way of producing without water. The ratio between water and
dry matter is about the same. So there is no magic plant that is going to
come on the scene that is going to let you produce more dry matter without
water. You can do it with cactus, of course, but your rate of production
is pretty low. In general, the C4 plants can produce dry matter with just
a little bit less water--that's sort of a new idea, I think--and also less
nitrogen. So they have those advantages.

I hope I have given you a picture of how to think about these plants
and their ability to produce. Three hundred pounds--6 bushels a day; juot
remember that figure and then you can start from there and you can figure
out how much dry matter you can produce almoust anywhere with any kind of
plant.

DR, KEIHL: First of all, I want to congratulate those who organized
this conference., I think this is a very timely subject, biomass and energy re-
lationships. I have the great addantage over most of you here because I haven't
done any actual research in this area. I am in administration and so I observe
what is being done.

We do have two pieces of work under way at the University of
Missouri, One of our projects involves biomass. We are growing kenaf and
some of these crops and looking at anaerobic digestion to produce methane.
A second project is using animal wastes in a methane generator. This project
is now operational. We have had the usual problems of constructing and this
sort of process. In the case of the swine facility, producing methane, it's
now operational, We don't have the data of costs and this sort of thing but
it's a rather large facility.

The project on using an anaerobic digestion process for field
crops will be operational this spring, we .hope. We again have had weathar
problems in construction and this sort of thing.

As laymean viewing this area, I think we have to be concerned be-
cause of some of the things I have heard and some that Dr. Duncan just men-
tioned in the area of crops and utilization of water and nitrogen loss, I
was greatly interested in the comments made on soil erosion and I think we
have to face up to that problem.

Another problem, as I view it, is the cost of handling bulky materials,.
And I don't think that farm machinery companies are currently producing equip-
ment for harvesting biomass. We still have the problem of coming out on a net
basis and producing energy. We have to take into account the cost of gather-
ing, hauling, storing, and this sort of thing. I think all of us must be
concerned about this area and certainly look at this with great seriousness
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and dedication. Certainly, we here are doing our small part to help produce
some answers in this area, particularly from the standpoint of agricultural
bulk materials.

MR. MCPHEE: I will be glad to make a few comments about the util-
ity point of view of using straw and cornstalks and other forms of fuel. I
also think it might be very helpful to try to answer any questions that any-
body has in that regard.

Let me say, first of all, that in the utility business, our job
is to provide as low a cost of reliable energy as we can and we are increas-
ingly concerned about not affecting the environment while doing this, Those
concerns are considered pretty important by the ratepayers. They want their
energy reliable, they want it at as low a cost as possible and they have an
increasing concern with the environment.

The utility business is like everything else. It's a new ball
game. There are constantly new challenges, new concerns, new things to
look at and consider. The possibilities of other fuels is a very attractive
idea. However, all attractive ideas have to stand the test of economics,
and if it can't stand the test of economics, well, it simply won't be used.

From what I have heard on the talks this afternoon, it doesn't
“sound as if the farmers particularly want to part with their straw and their
cornstalks without proper consideration. This is understandable. On the
other hand, it has to be factored in the cost of this product and the cost
of using it, And I heard quite a little bit about the preparation of it and
how it can be handled and this was all interesting and very informative and
sounded like it's realistic, but I didn't hear much about the cost of modify-
ing your boilers and your equipment to handle straw and cornstalks and things
like that. 1 don't know how much per million Btu investment it costs in order
to handle biomass.

Certainly there is nothing wrong or there is no lack of attraction
in burning any fuel that makes economic sense. Straw with 7,000 Btu per pound,
no ash, no sulfur, is very attractive. That would be great if it makes eco-
nomic sense. We burn coal that's like real estate. 1It's, oh, slightly bet-
ter than straw in Btu, 8,000 Btu, 30 percent moisture, 25 to 30 percent ash,
Got all kind of problems with it. But we burn it at a fairly respectable
rate,

In Kansas City Power and Light our whole system fuel costs last’
year was 60 cents a million Btu. That is less than the national average.
We are in a rather low cost fuel area because we can use local coal. How-
ever, our fuel costs are increasingly going up. We are now bringing coal
in from Wyoming and that coal is running 70 and 80 and 90 cents a million
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Btu. So our fuel costs'have gone up. Our cost was 30 cents a million Btu
in 1970, 60 cents a million Btu in 1976, and in another few years we will
be to a dollar and above as they are in many parts of the country today.

But the figures that I heard on straw and cornstalks sounds like
$2 and $3 per million Btu delivered to the plant and then I really think
that you have to look awfully hard at the handling at the plant.

But certainly we are looking under every rock that there is for
new ideas, new ways of improving costs, reliability and the whole bit. I
think it is very interesting the work that is going on in that direction.
Hopefully, the work will continue and maybe we can get something out of it.

MR, MILLER: I would like to pursue that very slightly. From my
experience in a large research center, I am thoroughly convinced, one, we
should be thinking big and, secondly, we must never say it cannot be done.
For example, we heard a great deal about erosion and yet we have a develop-
ment at our research center, something that we have dubbed super slurper.

This super slurper, a type of gel, is really a starch bath polymer in which
some treatment of ground stabilizes it, There is a great deal of work going
on in double cropping in which you can coat with this gel and it will hold
the moisture and let the plant get a jump, maybe as much as two or three weeks.
There is one company in Illinois who will very soon be coating a great deal
of their corn with this gel for their planting and thereby hoping to hold

the moisture conditions because the gel is not toxic to crops. Then the
crops will pull the water out of this gel and when you get a light rain or
irrigate the crops it will hold the water there and make use go a lot farther.
Dr. Shrader at Iowa State is experimenting with this gel and I believe that
he has found excellent results, particularly in the poorer soils. This is
where it particularly works well and there is a lot of work going on in des-
ert countries,

And so I guess what I'm saying, I think we should look at all of
these various things even if they come up negative, because we need to know
that also. But in the long run, I think we are talking not only near term
but long term and we must resolve many of these questions and think ahead.

I guess unless some of our particular members have something to say,
we certainly welcome any questions that any of the conference attendees have.

QUESTION: I haven't heart anything the last 2 days about the loss
of any trace elements. I have heard about the replacement of phosphorus and

nitrogen, but what about the removal of trace elements from the so0il? Are
there those present or has that not been any problem?
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DR. DUNCAN: This is sort of a hard question to answer. One
would think it most unlikely that there would be serious depletion of these
trace elements for a long time, depending on soils. There are soils that
are definitely deficient and in most cases this deficiency is more a solu-
bility problem than it is an actual total amount problem, at least that has
been our experience in Kentucky. Some soils lack eveérything, you have got
to supply everything anyway. That is true of some of our Florida soils,
I'm sorry to say. But I don't think that's a major problem.

QUESTION: I would just like to expand a little bit on what Mr.
Miller said about the cost of bagasse. I have a hard time accepting the
$1 per million Btu figure for bagasse because it has just been a generally
accepted principle and it has been handled under contract ever since the
1920's that a ton of dry bagasse is worth two barrels of fuel oil. So I
think bagasse would be worth $2.50 to $3.00 per million Btu's. Now, this
figure is calculated on the basis of getting 80% effiéiency with the fuel
0il fired boiler. Two barrels of fuel oil have 12 million Btu and 80% of
that is 9,600,000 Btu. If you use bagasse at 50% moisture content you get
a 60% overall efficiency in the boiler, so it gives you the same 9,600,000
effective Btu. So I think that this figure of $1 per million Btu just has
to be changed. It's absolutely wrong and will never be accepted by the sugar
industry. They will say, '"Well, we can burn the bagasse ourselves and gen-
erate steam and power and why should we sell it for a third of what we can
get for it."

DR. BUCHELE: When I surveyed the sugar factories they were burn-
ing bagasse instead of natural gas in Louisiana at $2.40 per million Btu.

QUESTION: I think you have to put it on the basis of fuel oil
because gas is not going to be available for utility use eventually. You
have to put it on a realistic value. The price of natural gas in many places
in Louisiana in some places is still 30 cents a thousand, which is in long-
term contracts, but when those run out they will be paying the intrastate
price.

MR. McPHEE: I might comment that our fuel oil is $2.50 a million
Btu and you are completely right, the little lead that you can get for a
dollar is gone. 1It's going to go up to $2.50 and $3, and certainly you
have got to think in those Lerms.

QUESTION: I would like to have Dr.. Duncan address himself to
some of the maximum production of biomass., He mentioned the 6 bushels a
day in Indiana. As you move on down into Florida and into the year-round
growing seasons, what kind of maximum production do you think of?
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DR, DUNCAN: You run into light problems in Florida in the winter-
time. You don't get as much growth as you would like, but as long as you can
keep a green surface intercepting sunlight you can use your sunlight--the
more sunlight you have the more growth you will get, of course, but in maximum
figures I don't know that I could give it to you.

QUESTION: You take your 300 pounds a day times 360 days, you have
somewhere around 50U ton per acre. 1ls that ever obtained?

DR. DUNCAN: I was talking about the 6-bushel day as being perfect
weather, You might do that down in the tropics on top of a mountain some-
where where it never rained and you supplied the water by irrigation, but
that's an absolute top figure.

Could I amend an answer that was given a moment ago? The problem
of sugarcane in Hawaii would be the best example of a maximum yield crop and
it would be on the leaves that are lost. They are going to plant every 2
years this C4 crop and under ideal conditions or very nearly so the yeild
of sugarcane is 40 or 50 tons per acre per year.

QUESTION: Mr. Miller, your figure of 34 cents credit of the dis-
tillers' grain to the alcohol is a significant portion of the economics of
producing alcohol. What happens when you start producing a lot of alcohol
and, therefore, start producing a lot of distillers' grain. How big of a
factor of that price of distillers' grain are you going to have? Just know-
ing the market a little bit myself, I expected the amount you could credit
to that distillers' grain is really going to drop when you flood the market
with a lot of distillers' grain, Do you have any comment on that?

MR. MILLER: 1T really can't answer your question. I'm sure that
if we got into tremendous volume there would be an effect in here. However,
as I say, I only priced the byproduct credit at 34 cents per gallon of alco-
hol produced and it probably should be priced higher.

Also we must recognize that even the quantity we are talking about
is a rather insignificant part of the total protein concentrate market in
the United States. I believe this market is something like 30 million tons
a year. Maybe even a little bit more. So even if we were producing tremen-
dous quantities of distillers grain it would be a small part of the total
protein concentrate market.

QUESTION: Corn is $80 a ton. What I'm asking is can you substi-
tute the stillage directly for corn?

MR, MILLER: The distillers' grains have inherently carried a price
higher than you would calculate corn because of their protein content and
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also because it has gone through a fermentation process and has growth fac-
tors which are extremely valuable.

I was interested in the chart that was shown earlier about the
relation of corn and distillers' grain. They really aren't competitive
with each other because corn has a lot of energy from the starch and dis-
tillers grain has essentially no energy. Of course, one thing that is hap-
pening right now is that there is a real shortage of distillers' grains and
so the price has tended to go up a great deal. This is primarily because
everybody is drinking vodka and Scotch and the bourbon distilleries are prac-
tically all shut down. Therefore, there is very little distillery grain be-
ing produced.

I'm sorry, that's all I can answer., I don't know what effect it
would have, but again I point out even with the quantities we are talking
about, this protein concentrate would still be a small part of the total
protein concentrate consumed in the United States and the world.

QUESTION: I guess one of the kind of side questions I was asking,
what kind of terms of production might we be talking about? Would we flood
the market by 10 times the amount of distillers' grain we have now or--1
guess I'm looking for ideas of the size of plants, and so forth.

MR, LIPINSKY: When you make about 70 million gallons of ethanol
per year, then you will get about 3-1/2 million tons of distillers grain.
Now, that's a very significant amount and we talked this over with some of
the people who sell this material. They have a series of markets that they
go into and there is a poultry market that is Very large that they could ex-
ploit. Right now the grain sells for $120 to $140 per ton, but you are sure
to knock the price down 20 or 30% when dealing in large quantities. So
this is one of the reasons why we are using about $105 per ton and Mr. Miller
uses $100.

QUESTION: There has been some discussion on the use of biomass
as a topic fuel for a fossil fire electric generating plant. I wonder if
this is economically feasible as well as technologically feasible for gen-
erating plants that range in size from 400 to 800 megawatts.

MR, McPHEE: 1 doubt that this is economically feasible because
it will cost $2 to $3 per million But to get the materials there and you
would probably need a separate system to burn the material. You can't very
well burn it with your coal, you have got to do something else. So having
to use a separate system would probably increase the cost another dollar or
possibly 2 dollars per million Btu. I think it certainly is a worthy con-
cept if you can bring the economics in line. But from what I have heard,
it doesn't sound to me like the economics are very attractive.
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Bear in mind also that reliability and continuous availability of
your fuel is important. Suppose we are talking about substituting 20% of
the fuel with biomass. But will you have the biomass fuel when the snow
is 2 feet on the ground? You have to have fuel all of the days of the year
to run boilers of that size. Biomass could still have some value on inter-
mittent use, but if it is only there during the fair weather that also is
a detraction,

So I would like to see it competitive. It doesn't sound to me
like it is, certainly at this point.

QUESTION: Wouldn't it be true, that since fuel from biomass is
a very high quality premium fuel, that to not use this topic cycle of a fuse
with peaking equipment, much of which is gas fired today, would not give it
a price much higher than the coal price. It is nor fair, it seems to me,
to compare with the dollar a million Btu fuel from coal when we have such a
high quality fuel in biomass.

MR, McPHEE: Well, you have a point, in that if you are going to
use the biomass for flame stability or ignition, it has a greater value.
Natural gas is what we currently use for flame stability. But coal is the
base fuel. And for biomass to be used as a base fuel, it has to be available
all the time. I think you have got a problem of availability with it.

. So I think you would still be faced with using something else part
of the time. It would have, I think, a higher value than coal. I think you
are right on that. Instead of comparing the cost with coal, you could prob-
ably consider the biomass a having a value of $2 or $3 which is what we pay
for o0il, for the occasional use for flame stability. But it doesn't sound
like you can get biomass for that price.

QUESTION: Well, with today's environmental dictates on burning
coal, would not a fuel like this even substantially reduce the capital in-
vestment in an Ames boiler?

MR. McPHEE: 1If you had a reliable supply of this fuel and you
could build a unit that would only burn this fuel you could save a substantial
amount of capital expenditure. You wouldn't have to put in a lot ot coal
mills for grinding coal and you wouldn't have to put in $30 million electro-
static precipitators. You would have to put something in but not of near the
magnitude. But there would have to be a continuous reliable supply of this
fuel. 1 think under those conditions then you could bring your capital costs
down and I think possibly that might be interesting. But I think you have
got a real problem on continuous availability. You are going to have to
have the straw all the days of the year.
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MR, McPHEE: The point I'm making is that if you have it continu-
ously available then you can realize a lower capital investment. If it is
going to be intermittently available, then you have to be able to burn coal
or biomass either one. Then you are faced with the coal investment plus
whatever you have to have for the biomass investment.

QUESTION: 1In your utility system, do you have peaking plants
and if you do what is their size?

MR, McPHEE: Yes, we do have. We are definitely a peaking utility.
We have an annual load factor of 48 to 49 percent and this is very low. The
average utility will run maybe 55 percent or some of them maybe up to 60.
So we use combustion turbines for peaking. We also use old equipment, equip-
ment that is kind of on its last legs and we limit it to the say, 400, 500,
600 or 1,000 hours a year, and combustion turbines are the equipment we are
putting in now. They do burn oil.

QUESTION: And they are sized at--

MR. McPHEE: Fifty megawatts each. We have about 10--all the way
- from 10 to 20% of our capacity in peaking capacity.

QUESTION: I would like to make a couple comments from the farm
standpoint. I do have some farm interests. If the price is this $2 which
I can convert back to $32 a ton, is that fair? Half or two-thirds of that
is not the farm end of it, delivered prices. The farmer reaches a continu-
ous supply, I think year around. I haven't seen a farmer yet that couldn't
beat these figures that I have seen here.

The other observation I had was that if you really want to con-
serve fuel, I mean fossil fuels, we will have to get the price of them up
and all these other fuels will be practical again. I think we know this
already. 1 think as prices go up then these fuels will be feasible and
will take care of themselves, they will be used then.

MR, MILLER: The comment I have just heard and several things
over today and yestefday bothers me a little bit., We get to télking-about
supply or alcohol production and it appears that all too often it keeps
being brought up that we will do this when conditions are such and such and
we will do it when we have to have a surplus. Rest assured, I spend many
a year in the chemical industry and that is not the way it runs. If you are
producing--if you have an alcohol plant, I don't care what size it is, first
of all you have to develop the customers for the output of that plant, and
so they look to you for supply. So after you have supplied them 1 year the
next year you say, '"Well, I don't think we will produce alcohol again this
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year, it is a little better to sell the grain or ship the grain to Russia

or something like that." Rest assured, you come back to start that plant
again you don't have customers any more and you are not going to get cus-
tomers. So if you are going to put in a plant, you have to certainly set

a base production, at least, for your fixed customers on contract and supply
that year after year on a regular basis. Otherwise, you just might as well
forget that plant. And that's the way that I have seen industry work., Ex-
cept in times of real shortages, you can’'t sell that material and the proba-
bility is that when you get ready to start that plant up again you don't have
shortages then.

MR. LIPINSKY: May I just say one thing about bagasse. The sales
value of bagasse is likely to be well above $1 per million Btu, it might be
$2 or more. The $§1 that we have been using is the costs that are attribut-
able to getting it thefe, getting it separated, storing it, and so forih.

Tn other words, it's about a dollar per million Btu cost. Now, once you have
got the bagasse or other residue it is a question of how much you can sell

it for. If you have it right here at this particular facility and it's your
own ammonia plant it may be. that you are buying it from yourself at a transfer
price, But it certainly is true that if the price of electric power or some-
thing else went up enough, then that man has got the classic problem that
everybody who processes corn or anything else may prefer to do something else
with their residues. So we have to keep our costs attributable to getting
something there versus what we can sell it for.
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