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Abstract

The amount of corn stover that can be sustainably collected is estimated to be 80-100 million dry tonnes/yr (tfyr), a majority of
which would be available to ethanol plants in the near term as only a small portion is currently used for other applications. Potential
long-term demand for corn stover by non-fermentative applications in the United States is estimated to be about 20 million dry thyr,
assuming that corn stover-based products replace 50% of both hardwood pulp and weod-based particleboard, and that 50% of all
furfural production is from corncobs. Hence, 6080 million dry tfyr of corn stover should be available to fermentative routes, To
achieve an ethanol production potential of 11 billion L (3 biliion gal) per year (a target level for a non-niche feedstock), about 40%
of the harvestable corn stover js needed. This amount should be available as long as the diversion of corn stover to non-ethano]
fermentative products remains limited.
© 2002 Elsevier Science Ltd, All rights reserved,
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L. Intreduction * bagasse/sugar beet pulp,
* wheat straw and rice straw,
A variety of biomass feedstocks can be used for near- * pulp and paper mill residues,
ferm bioethanol production, e.g., mill wastes, urban = sawdust,
wastes, agricuitural residues, and forest residues, Among e forest thinnings, -
these resources, agricultural residues dominate in termg * municipal solid waste,
“tonnage and can serve as ethanol feedstocks. Partic- * recycled paper that has been previously recycled.
ularly, this study discusses the suitability of corn stover
as a non-niche feedstock and the attendant logistica] Although specific available Quantities were not given
issues, for these particular streams, Table 1 lists the availability
data provided by Glassner et al. (1998) for selected
1.1. Biomass sources feedstocks in million dry tonnes/yr (t/yr). Agricultural

residues clearly dominate available biomass resources
Glassner and Hettenhaus (1997) considered various for near-term ethano] production as shown in Table I;
potential biomass feedstocks for bioethanol production. these are discussed below,
They assert that the most probable feedstocks for injtial
plants would be low-cost residues, by-products, and L.2. Agricultural residues
Wwastes from other processes such as
According to the USDA, (2002), average total areas
* fine feed/gluten feed, planted for major agriculture crops in the United States
¢ corm stover, for 2002 are as follows in millions of ha (millions of
acres): corn 31.9 (78.9), soybeans 29.6 (73.0), hay 26.2
Corresponding author. Tel: +1-303-384-6829; fax. +s05s  (64.7), wheat 243 (60.1), cotton 5.8 (I14.4), grain sor-
6877. ghum 3.8 (9.3), oats 2.1 (5.1), barley 2.0 (5.1), rice 1.3
E-mail address: kiran_kadam@nrel gov (K.L. Kadam). (3.2), and rye 0.6 (1.4). As these data show, com is the
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ethanol yield;. Hence, although other residnes such as
wheat straw and soybean stubble are potential candj.
dates, corn stover is arguably the feedstock of choice for
large volume ethanol production as it represents 80% of
the total agricultural residue and is concentrated in the
l}didWestem region of the United States.
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Table 1 t
Estimatad availability of selected faedstocks
Feedstock type Estimated availability
(million dry t/yr)
Corn stover 153
Other agricultural residues 58
Com fiber 4
Energy crops 70
Wood coproducts 72

most widely planted crop, and as established later, corn
stover is the most abundant agricultural residue,

While soybean is a major crop in terms of total
acreage in production, residue generation is relatively
modest. Moreover, soybean residue in the field can
rapidly degrade, limiting its utility as a feedstock (Walsh
et al., 2000). Wheat straw is also & potential ethanol
feedstock based on planted wheat acreage. The esti-
maied availability of wheat straw and its ethanol po-
tential in different regions of the US are estimated
in Table 2. The estimates in Table 2 were developed
using data on average wheat production for 1997-2001
(USDA, 2002) and typical straw yields (Fiber Futures,
2000). The available straw was calculated assuming that
40% of the total can be sustainably harvested. About 33
million dry t/yr of wheat straw are available, which is
equivalent to 9.6 billion L (2.5 billion gal) of ethanol per
year assuming an ethanol vield of 292 I/t (70 gal/dry
ton).

Based on sustainable harvest estimates of 0.8 t straw/t
grain (University of Maryland, 1999), 44.7 million dry
t/yr of wheat straw can be produced. This amounts to
about 50% of the total in Table 2. Another rule of
thumb for sustainable harvest is 2.25 t straw/ha (1 ton
straw/facre), which is based on 4.5 t straw/ha (4000 Ib/
acre) of total straw and 50% ground cover to protect soil
from erosion (Smith, 1996; Agri-Food Canada, 1999).
For the year 2001, wheat was harvested on 19.7 million
ha (48.7 million acres) of farmland (USDA, 2002).
Using the above rule of thumb, 44 million dry thyr of
wheat straw, amounting to 54% of the Table 2 total,
would be available. Although these higher harvest esti-
mates increase the total domestic ethanol potential of
wheat straw above 11 billion Léyr (3 billion galiyr), a
target level defining a non-niche feedstock, the com-
bined ethanol potential for Midwest and North/Central
West regions, in which wheat straw is concentrated, is
still well below this target.

The theoretical ethanol yield is about 480 Lidry t (115
gal/dry ton) using an average corn stover composition
(unpublished NREL data) and assuming that both
hexose and pentose sugars are fermented, For 80 million
dry t/yr of available corn stover (a conservative estimate,
about half of the corn stover indicated in Table 1), this is
equivalent to about 19 billion L (4.8 billion gal) of
ethanol per year (240 L/dry t or about 50% of theoretica]

2. Estimating corn stover availability

The various estimates for corn stover availability are
given in Table 3. Estimates vary widely depending on
assumptions about what fraction of agricultural residues
can be sustainably collected. Some residue must be left
in the field to protect the soil against water and wind
erosion. The amount of stover Jeft on the ground is
dependent on many factors including: tillage Ppractice,
topography {(especially the slope and extent of sloped
land), soil type, and crop rotation,

Glassner et al. (1999) estimated that 200 million dry t/
yr of above-ground corn stover are available, and 20-
60% can be sustainably harvested. Wyman and Hinman
(1990) state that 58% of the corn stover can be harvested
on a sustainable basis. However, with current equipment
and no-till farming, 76-82% can be harvested, although
70% is the limit for commercial balers (Glassner et al,,
1998). Based on these assumptions, Glassner et al. (1998)
estimated the corn stover availability to be 153 million
dry t/yr. This estimate is high because it probably as-
sumes that ali acreage is planted using no-till farming
techniques.

Walsh et al. (2000) estimated corn stover and wheat
straw costs by considering the cost of collecting residues,
the premium paid to farmers, and costs of transporting
residues from fields to user facilities. Several companies
currently purchase corn stover and/or wheat straw to
produce bedding, insulating materials, particle board,
paper, and chemicals (Gogerty, 1996), commonly paying
$11-17/dry t ($1995) to farmers as 2 compensation for
any lost nutrients or environmental impacts (e.g., soil
erosion) that may result from residue harvest. Comn
stover dominates as a feedstock in the Midwest except
for Kansas where wheat straw js also available in sig-
nificant quantities. Based on the Walsh et al. (2000)
data, about 91 and 100 million dry t/yr of com stover
would be available, ie., harvestable and collectable, in
the Midwest region and nationwide, respectively.

Other corn stover estimates for the US that are in the
Same range as provided by Walsh et al. (2000) are (in
million dry t/yr): 106-109 (DiPardo, 2000), 109 (Iowa
Department of Natural Resources, 2000), 105 (Bozell
and Landucci, 1993), 64-91 (Iowa State University,
1993). The last estimate is based on conservation com-
pliance practices, which would yield 2.2-3.4 t/ha (1-1.5
ton/acre) of available stover, and a total of 28 million ha
(70 million acres) planted.
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Table 2 1 ’
Sustainable wheat straw production and ethanol potentia] ]
Average wheat production for 1997-2001 Total straw production Sustainable straw Ethanol potential
harvest
Million bushels/yr Million tfyr Million dry tfyr Million dry tfyr Billion Liyr
Midwest
Kansas 369.4 10.1 13.5 54
Nebraska 70.8 19 2.6 1.0
Minnesota 83.9 23 i1 12
Ohio 710 1.9 2.6 1.0
Hlincis 56.2 1.5 21 0.8
Missouri 50.1 14 1.8 0.7
Michigan 35.2 i.0 1.3 0.5
Indiana 33.2 0.9 1.2 0.5
Wisconsin 86 02 0.3 0.1
Iowa L1 0.0 0.0 0.0,
Repional total 779.6 21.2 285 11.4 33
North/Central West
North Dakota 2857 78 10.5 4.2
Montana 147.3 4.0 54 22
South Dakota 105.1 29 39 L6
Washington 143.8 41 5.4 22
Idahe 102.9 2.8 38 15
Oregon 479 13 1.8 0.7
Wyoming 5.6 0.2 0.2 0.1
Regiona._l total 8442 230 30.9 124 36
Southwest! West
Oklshoma 156.8 4.3 57 23
Texas 110.5 30 4.0 1.6
Colorado 88.2 24 3.2 13
California 38.0 1.0 1.4 LX)
New Mexico 82 0.2 0.3 0.1
Utah 79 0.2 0.3 0.1
Arizona 10.0 0.3 04 0.1
Nevada 1.2 0.0 0.0 0.0
Regional total 420.8 11.5 154 6.2 1.8
Southeast
Arkansas 49.3 L3 1.8 0.7
North Carolina 27.2 0.7 1.0 0.4
Kentucky 239 0.7 0.9 0.3
Tennesses 17.9 0.5 0.7 0.3
Virginia 13.0 0.4 0.5 0.2
Georgia 114 0.3 0.4 0.2
South Carolina 10.1 0.3 04 0.1
Mississippi 9.4 0.3 0.3 0.1
Louisiana 6.2 0.2 0.2 0.1
Alabama 39 0.1 0.1 0.1
Regiona! total 1724 4.7 6.3 25 0.7
Northeast
Maryland 12.1 0.3 04 0.2
Pennsylvania 9.5 0.3 0.3 0.1
New York 7.2 0.2 0.3 0.1
Delaware 4] 0.1 02 0.1
New Jersey 1.9 0.1 0.1 0.0
Regional iota] 34.9 0.9 L3 0.5 0.2
US total 22519 61.3 824 329 9.6
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1 Table 3
Summary of corn stover availability estimates (million dry tiyr)
uUs Midwest Iowa Delivered cost ($/dryt) Reference
100 %1 <44 Based on Walsh et al. {2000)
22 <44 Walsh et al, (2000)
153 35-40 (based on Iowa) Glassner et al, (1998, 1999)
106-109 nfa* DiPardo (2000)
64-91 nfa* Based on Towa State University (1993)
109 nfa* Towa Department of Natural Resources (2000)
11 nfa* Brown (1994)
72 16 <72 Brower et al. (1993)
64 72 Tyson (1992)
105 nfa" Bozell and Landueci (1993)
82 nfa* This work
*Not available.
Table 4

Corn stover availability for the Midwest and Iowa"
Total com stover (million dry thyr) Available corn stover (million dry thr)

In field <$55/dry t <§72dryt - <38B8/dry ¢
Iowa 61 15 16 16
Midwrest 358 18 72 77

“Brower ct al. (1993),

Additional regional estimates for corn stover avaijl- i.e., greater than 9.4 t/ha (150 bushels/acre) may bring
ability have also been reported, Tyson (1992) estimated down the ratio to 0.9, while lower yields can result in a
that for 12 Midwestern states 64 million dry t/yr are ratio of 1.1. Assuming a corn-to-stover ratio of 1:1 and a
available at a delivered cost of §72/t. The total residue grain moisture level of 16%, we can calculate total
was estimated to be 283 million dry t/yr, 23% of which average stover produced nationwide to be 204 million
was deemed collectable. This estimate agrees well with dry t/yr. Nielsen (1995) reports a 6.7-10.1 dry t/ha (3.0~
that of Brower et al. (1993): 72 million dry t/yr at a 4.5 dry t/acre) of stover yield for 6.3-9.4 t/ha {100-150
delivered cost of less than $72/t, which is based on 2.25 t/ bushels/acre) of corn production. Using this rule of
ha (1 tonfacre) left on the ground and 50% farmer thumb, we alternatively get 217 million dry t/yr of avail-
participation (Table 4). The price in Brower et al’s able corn stover, assuming 7.8 t/ha (125 bushels/acre) of
analysis includes the costs of harvesting, storage, trans- average comm yield (which is close to the recent five-year
portation and profit for the farmer. Brown (1994) re- average yield). These two estimates are in good agree-
ported corn stover availability in the state of Iowa at 11 ment,.

million dry t/yr, which is much lower than other esti- Roughly 35% of the residue is available using con-
mates for Jowa in Table 3. ventional tilling, whereas 68-75% of the residue can be

available for no-till farming (Lindstrom et al., 1981).
2.1. Availability based on recent corn production data About 17% of the corn is Brown using the no-till practice

(CTIC, 1998). Assuming that 70% of corn stover can be
The estimates described above can be independently collected on no-till farms and 35% on the remaining

corroborated using recent corn production data (USDA, farms with conventiona] tilling means that an average of
2002), which indicate that the average corn production 41% of the produced stover can be theoretically col-
for the past five years is 243 million t/yr (Table 5). lected on 2 sustainable basis, Depending on condi-

A ratio of one tonne of stover above ground per tions and practices in a given farm, residue coverage of
tonne of comn harvested is the rule of thumb normally 20-65% is advised for soil erosion confrol. No-till
used (Lindstrom et al., 1981). Farms with high yields, fields have the lowest requirement for residue return

Table 5

Corn production in the US
Com production 1997 1998 1959 2000 2001 Average
Million bushels 5207 9761 9537 9968 9507 9576

Million tonnes 234 248 42 253 241 243




KL Kadam, J.D. McMillan | Bigresource Technology 88 (2003) 17-25 21

Yy

\

g
%
\

camshvarmllllandrylhr
]
\
\
\
1\ ;
I“ 6
s b B
L\ \E
e
Vo
b A |
8 & 8 g
Ethanol, bifMon Liyr

. 8 g
\
A
|\
"
i
\

A
o
Py
=

0z 03 04 0s 08 or
Fraction of cotn stover collectad

Fig. 1. Esljmated comn stover availability and ethanol production

Potential &5 a'function of the stover fraction that can be sustainably

collected,

(Lindstrom et al, 1981). USDA guidelines for residue
management require at least 30% residue coverage for
those participating in its programs. Hence, approxi-
mately 40% removal of produced stover on a sustainable
basis is reasonable. Based on this assumption, 82 million
dry t/yr of corn stover are available. This is in the same
general range as the recent estimates by Walsh et al.
(2000) and DiPardo (2000).

2.2. Ethanol production potential

Using corn stover availability of 82 million dry tfyr,
19-26 billion L (5-7 billion gallons) of ethanol per year
can be produced, depending on which ethano] yield is
assumed. Ethanol production potential (assuming 250,
300, or 350 L/dry t) as a function of the stover fraction
that can be sustamably collected from the above-ground
total stover is depicted in Fig. 1. If the sustainably col-
ectabie fraction is only 30%, there is still sufficient
stover available to produce 14-20 billion I, (4-5 billion
gallons) of ethanol per year.

3. Potential corn stover uses

Although about 80-100 million dry t/yr of corn
stover are available based on the above recent estimates,
the competing uses for corn stover would lower the
amount accessible for ethanol production, In this con-
text, the potential diversion of corn stover to competing
applications is discussed next. The possible corn stover
uses are listed below.

3.1. Farmianimal uses

Corn stover is a potential feed for dairy cattle (Ayers
and Buchele, 1982; Fernandez-Rivera and Klopfenstein,

1
1989; Adams, 1998). However, it is not a high quality
feed; its biggest drawback is its physical character,
Ensiling stover while it is still green or mixing dry ma-
terial with higher moisture hay-crop forage may make it
more acceptable to cattle. Stover may provide 20-30%
of the forage dry matter for dairy cattle. In some areas
of the country cattle or other livestock are run on the
fields after the grain is harvested, This might involve a
significant number of acres in certain areas and decreage
the amount of harvestable stover in such regions. Use as
bedding for farm animals is ancther low-value applica-

tion.
3.2 Fuelg

Corn stover can be used as a fuel, after hammer-
milling, directly, in a boiler furnace (Hitzhusen and
Abdallah, 1980; Richey et al,, 1982). Ethanol produc-
tion by fermenting the sugars in corn stover is another
potentially feasible option.

3.3. Biobased materials

3.3.1. Composite products

Particleboard, which is used mainly as a furniture core
stock, has been produced commercially over the years
from bagasse and wheat straw as well as other types of
fiber (Staniforth, 1982; Domier, 1995; Anon, 1999a;
Karr and Sun, 2000; Karr et al, 2000; Kuo, 2000).
Building panels have beer made from several crop resi-
dues including wheat straw, rice straw, flax shives and
bagasse, and can also be made from com stover. A
drawback to manufacturing particleboard using agri-
cultural fiber like corn stover js the need for expensive
resin binders, particularly methyl dipheny! isocyanate;
however, soybean-based adhesives may be used.

3.3.2. Pulp and paper

Drawing an analogy to other agricultural residues,
corn stover-based pulp and paper production is a viable
option (Domier, 1995; Wagner et al.,, 2000). Because
agricultural residues-based pulp (agri-pulp) can be blea-
ched without using chlorine, dioxins are not produced,
a4 major environmental benefit. Also, the lower lignin
content requires less bleach than that needed for wood

pulp.

3.3.3. Chemicals

Corncobs are currently used as a feedstock for pro-
ducing furfural (Foley and Vander Hooven, 1981; Riera
et al,, 1991). Another possibility is to make dissolving
pulp (essentially pure cellulose pulp containing very
little lignin or hemiceltuloses) from corn stover (Kuo,
2000). Dissolving pulp is used to produce high-value
cellulose derivatives, such as rayon, cellulose acetates
and celiulose nitrates.

i
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3.4. Miscellaneous

Hog manure can be used to compost com stover and
produce potting soil (Adams, 1998). This also solves the
hog manure problem. Cora stover mulch is also blown
along the roadsides to prevent soil erosion and can be
similarly used for slope stability (Domier, 1995; Zink-
and, 2000).

4. Corn stover usage for competing applications

Curzently, <5% of the stover is physically collected
for off-field use; this is similar to rice straw off-field us-
age in California (Kadam et*al; 2000). Although no
quantitative data are available for all the possible corn
stover applications listed above, pulp and paper, fiber-
board, and chemicals are the only applications for which
corn stover may be needed in any substantia] quantity,
The estimates for their demand for corn stover need to
be developed since when collected in an organized and
consistent basis, it becomes a fungible commodity.

4.1. Composite producty

Two North American manufacturers currently pro-
duce particleboard from wheat straw residue instead of
wood (mill residues and chips): PrimeBoard, Inc. in
Wahpeton, North Dakota; and Prairie Forest Products,
in Hutchinson, Kansas, Isobord Enterprises Inc. in Elie,
Manitoba used to operate a particleboard plant but it
was recently shut down. Fiberboard (“strawboard”’)
generally commands the same price as wood-based board
and can replace wood particleboard or medium-density
fiberboard (MDF) in non-structural applications like
furniture, cabinets, store displays, door panels, moldings,
countertops, and case good items. Strawboard com-
pares favorably to MDF with the advantages that it is
lighter in weight and prolongs tool life,

More than 100,000 t (up to 200,000 t) of wheat straw
were harvested every year in the Winnipeg, Manitoba
area for making MDF at the Isobord Enterprises plant
(Isobord Enterprises Inc., 2000a,b). PrimeBoard, Inc.
uses 50,000 t of wheat straw per year (PrimeBoard, Inc.,
2000) in its particleboard plant. Based on this, the cur-
rent wheat straw demand in North American for making
strawboard is estimated to be less than 150,000 dry t/yr,

4.1.1. Corn stover demand based on MDF and particle-
board preduction

The MDF and particleboard productions for the
United States are 0,14 and 0.42 billion (10°) m?Ar (1.5
and 4.5 billion ft¥/yr), respectively (International Trop-
ical Timber Organization, 1999). Using a typical MDF
yield of 1.24 m¥/dry t straw (Daproma, 2000) and 100%
MDF production from stover, the corn stover demand
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Fig. 2. Com stover demand in miltion dry t/yr as a function of market
penetration (as a percentage of total US production) for MDF and
particleboard applications,

is calculated as 2.2 million dry t/yr. Similarly, for a
typical particleboard yield of 1,17 m’/dry t straw (Prime-
Board, Inc., 2000), the corn stover demand for 100%
particieboard production from stover is 6.8 million dry
tfyr. Hence, the potential diversion of corn stover to
strawboard production is, at a maximum, 9 million dry
tyr. Fig. 2 shows the corn stover demand for various
levels of market penetration for both the products.

4.2. Pulp and paper

Production of agricultural fiber-based paper in North
American has been very limited during the last century.
Current agri-pulp production is approximately 250,000
t, less than 1% of total annual pulp produced in North
America (Wong, 1996, 1997). If the total production
of agricultural-fiber based pulp is increased 10-fold, and
all the pulp is made from com stover, about 5 million
t/yr will be needed at a 50% pulp yield. This represents
only a small fraction of the potentially available com
stover.

4.2.1. Corn stover demand based on agri-pulpfwood-pulp
blends

The total pulp produced in the United States, the
largest producer and consumer, is about 57 million thyr
(Miller Freeman, 2000). Agri-pulp, such as wheat straw-
based pulp, produces a low tear-strength, but higher
smoothness, paper that is good for printing and writing
grades. Such pulp would always have to be supple-
mented by longer fibers, but mills can use up to 30%
agri-pulp in an agri-pulp/wood-pulp mix without en-
countering significant differences in pbaper properties
(Clancy-Hepburn, 2000).

Corn stover demand is depicted in Fig. 3 as a finc-
tion of two parameters: (1) market penetration, ie.,, the
percentage of the 57 million t/yr that is sold as an agri-
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pulp/wood-pulp blend, and (2) the percentage of agri-
pulp in the agri-pulp/wood-pulp blend. Assuming a 30%
agri-pulp blend is used, and a market penetration of
100%, we can calculate a corn stover demand of 34

million dry t/yr.

4.2.2. Corn stover demand based on hardwood pulp
replacement

The length of straw/stalk-based fiber is typically 0.5-
2.5 mm, with a diameter of 0.01-0.2 mm (Biermann,
1996). The hemicellulose content is mostly xylans. All
these factors render straw/stalk-based pulp similar to
hardwood pulp, and corn stover can replace hardwood,
at least partially, as a fiber source. The hardwood mar-
ket for pulp production in the United States is about
29 million tiyr (Ingram et al, 1999). The bleached
chemical pulp yields for hardwoods and straw/stalk-
“ased pulp are 40-45% and 35%, respectively (Bier-
mann, 1996). Hence, a potential demand for corn stover
can be estimated at 35 million dry t/yr, if it were to to-
tally replace hardwood pulp. Thus, both the approaches
yield about the same demand for corn stover as pulp
feedstock.

4.3. Chemicals

Furfural, a specialty chemical selling for $10004, is
made from corncobs and other pentosan-containing
agricultural residues. Until recently there were three
furfural plants operating in the United States (Walsh,
1999). The Belle Glade, FL, Cedar Rapids, IA, and
Omaha, NE plants produced 72,000 t of furfural in 1997
using bagasse, oat hulls, corncobs, etc. (Brito et al.,
1997). The Iast one to close was the Omaha, NE plant,
which had a furfural capacity of 18,000 t/yr and used
corncobs as feedstock (Anon., 1999b). The furfural im-

port for 19198 was 68,000 t/yr (SRI, 1999). Hence, the US
furfural demand is estimated at 140,000 t/yr. This is
equivalent to about 2 million tfyr of corn stover/cobs.
World furfural production is estimated at 180,000
200,000 tfyr (Brito et al,, 1997; Bosch Projects, 2000),
which is equivalent to about 3 million t/yr of com
stover/cobs. Hence, as expected, the potential diversjon
of corn stover to furfural production is minimal,

5. Corn stover availability for ethanol production

Making some assumptions about market penetration
for the various products, the corn stover demand by
non-fermentative routes can be estimated. The corn
stover demand for strawboard production is calculated
as 4.5 million dry t/yr for 50% particleboard production
from stover. Satisfying haif of the US furfural demand is
equivalent to about 1 million tiyr of comcobs. A po-
tential demand for corn stover ig estimated at 17.5 mil-
Lon dry tiyr, if it were to totally replace 50% of
hardwood pulp. Hence, the potential long-term demand
for corn stover by non-fermentative applications in the
United States is estimated to be 23 million dry tfyr. This
is a high-end estimate since a 30% market penetration
would be considered somewhat robust for a new prod-
uct/process/feedstock. Yet this allows 6080 million dry
tiyr of stover to be potentially available for ethanol
production.

6. Limitations of the study

This study focuses on the current situation and uses a
generalized model for stover production and removal.
The amount of stover that would be available is de-
pendent on market dynamics; as stover becomes valu-
able coproduct, a track record of yearly sales would
stimulate stover production. For example, improved
crop economics could change the acreage planted and
may justify higher plant populations. Also, narrow rows
may become more popular and hybrids or cultivars
would be selected based on traits generating highest
profit, which would now include stover yield. Such fu-
turistic scenarios are outside of the scope of the current
analysis,

Another major caveat is that compiling projections of
Stover diverted to non-fermentative applications is in-
herently risky. Also, the sugars produced from corn
stover hydrolysis can be demanded by other fermenta-
tive routes that may be more profitable than the ethanol
option. This is the basis for the “sugar platform” con-
cept in which biomass-derived sugars are fed to different
production schemes making a palette of products.

Another issue that is out of the study scope is the
effect of stover removal on soi] quality or tiith, Although

A
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the study does not consider soil organic matter (SOM)
removal from fields, a recent life cycle assessment study
states that SOM drops slightly in the early years of
stover collection, but remains stable in the long run
(Parton et al., 2002), S

7. Conclusion

About 60-80 million dry tfyr of stover can be po-
tentially available for ethanol production. However,
with the development of inexpensive cellulase enzymes,
the corn stover-derived sugars, at least partially, could
be more economically utilized by other fermentative
products. Although the impact of this diversion cannot
be predicted at the present, at an ethanol yield of 330 L/
dry t (80 gal/dry ton), only 33 million dry t/yr of corn
stover are needed to achieve a capacity of 11 billion L (3
billion gal) per year. This amount should be readily
available as long as the diversion of corn stover o non-
ethanol fermentative products remains limited.
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