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Ethanol research
facility one of a kind

Rodney 1. Bothast

T he National Corn-to-Ethanol Research

Center (NCERC) on the campus of
Southern Mlinois University~Edwardsville
is the only facility in the world that fully emu-
lates both a wet-mill and a dry-mill com-

cial fuel ethanol production plant. This
+<4) million flexible research facility was
constructed to test new ethanol production
technologies on a pilot scale, a critical step
In assisting in the determination of their com-
mercial viability.

The NCERC is ideally suited to vali-
date new technologies for producing ethanol
Imore cost effectively from corn. This capa-
bility will positively affect the economics
and the speed of commercialization of tech-
nical advancements for this domestically
produced, environmentally friendly renew-
able fuel. Advantages of increased ethanol
production include increasing national energy
independence, improving the environment,
and promoting rural development. In 2003,
2.81 billion gallons of fue] ethanol were pro-
duced from over one billion bushels of corn.
Ethanol demand is expected to more than
dohle in the next 10 years. For the supply
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to be available to meet this demand, new
technologies must be moved from the labo-
ratories to commercial reality,

The NCERC is well suited to increase
the production of biofuel and bioproducts.
The facility includes an operational support
facility with wet labs, administration offices,
and training and visitors’ arcas, Additionally,
modeling capabilities for plant simulation
are currently being developed.

Current ethanol production

processes

Today, most fuel ethanol is produced from
vom by either the dry-grind (67%) or the wet-
mill process (33%). Current technologies
allow for 2.5 {wet-mill) to 2.8 (dry-grind}
gallons of ethanol per bushel of corm, Recent
growth in the industry has been predomi-
nantly with dry-grind plants because their
capital costs/gallon are two to four times less,
Incentives afforded farmer-owned CO-0ps
with dry-grind plants also promote markets
and jobs in rural areas of the United States.
The wet-mill industry has relied on expand-
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Figure 1. The dry-grind and wet-mill processes.

ing existing facilities rather than building
new plants; A schematic of both processes
is shown in Figure 1. Co-product yields and
values from the respective processes are out-
lined in Table 1.

Research important to

the ethanol industry

In 2002, the Nlinois Department of Commeree
and Community Affairs funded a survey con-
ducted by BBI international (Cotopaxi,
Colorado} of individuals and organizations
concerned with ethanol production and
research. The purpose was to determine
the research priorities of the industry and
relate those priorities to the NCERC, Research
categories important o all respondents com-
bined follow in rank order: new co-products,
plant ernissjons, fermemation, feedstocks,
fiber recovery. distiller's dried grains/sol-
ubles (DDGS), separation. pretreaiment, sac-
charification. geem recovery, distillation,
starch hydrolysis, and carbon monoxide, At
arccent technical commitiee meeting of the
Renewable Fuels Association, co-products,
emissions, and improved erficiencies were
reiterated as the industry’s top research
priorities.

Future directions

The opportunity exists for producing ethanol
more cost effectively from corn threugh
highly fermentable hybrids, conversion of
fiber (biomass) components of the kernel to
ethanol. and recovery of new and high-value
co-products,

Highly fermentable hybrids. There is sig-
nificant interest by seed companies in mar-
keting specific hybrids tailored for dry-grind
ethanol production. Carn hybrids are being
developed with more fermentable starch con-
tent. Monsanto’s Processor Preferred
Fermentable corn was offered in nearly 60
independent seed brands for 2004, Pioneer
has invested more than 5 years perfecting its
High Total Fermentable {HTF) hybrid list
(60 or more) for dry-grind ethanal, A com-
mon result expected from fermenting these
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hybrids is 2 4% increase in
ethanol yield over fermefita-
tion of commaodity corn, This
could mean an increase of one
to two million dollars in prof-
itability fora facility produc-
ing 40 million galloas/year.
However, an important con-
sideration yet to be evaluated
is the impact on composition
of DDGS,

Fiber conversion. Fermen-
tation of the fiber fraction of
the corn kernel can increase
ethanol yield from a bushe]
of corn'by 10% and subse-
quently yield a higher-value
and higher-protein feed co-
product than is typically recovered in corn
gluten feed and DDGS. A fiber conversion
process requires implementation of all unit
operations used in biomasy conversion, i.e.,
size reduction, pretreatment. enzymatic sac-
charification, fermentation, and product
recovery. Last year. the U.S. Department of
Energy and the U.S. Department of Agriculture
announced several winners of their joint
“Integrated Biomass Solicitation.” Four
of these muitimillion-dollar projects include
conversion of the cellulosic and hemice Hu-
losic components of corn fiber to ethanol.,
All of these projects require scale-up vali-
dation, which fits well within the mission
of the NCERC.

New and higher-value co-products. As
new lechnologies are implemented, addin g
value to co-products is essential to the prof-
itability of the fuel ethanol business. Within
the concept of “biorefining.” a cadre of prod-
ucts can be listed. Examples include corn
tiber oil, sweeteners, polysaccharides. phar-
maceuticals. nutraceuticals, fibers. biodegrad-
able films, organic acids. solvents, amino
acids, pigments. enzymes. polyols. and vita-

NCERC facilities

200 bw/day corn usage (dry or wet grind)

Flexible operation

500 gal/day average recovery

36,000 12 facility

Full support lab (3,000 f2)

Operational facilities (24,000 ft%)

Administrative/researchloperation offices
{9,000 ft?) .

Automatic data recording integrated with
automatic control

Training capabilities

mins. Also in the co-product arena, today’s
DDGS feed customers are asking for more
information than the traditicnal moisture,
protein, fat, and fiber analyses. They want
complete nuirient profiles of the ingredients,
and they want to know the variability of these
nutrients. A certification program is being
discussed. In addition to these feed uses,
numerous other uses for DDGS are finding
their way to the marketplace. Examples
include deicers, cat litter, “lick barrels,” and
worm food. The controlled conditions of the
NCERC are conducive to the development
of these valuable co-products.

As the biobased industry develops in
the 21st century, the NCERC will provide
scale-up validation and/or certification to
move new technelogies from laboratories to
commercial reality,

Rodney J. Bothast is divector of the National
Corn-to-Ethanol Research Center Contact
him at: NCERC, Southern lllinois Universin—
Edwardsville, 400 Universiry Park Drive,
Edwardsville, 1L 62025 USA: phone: +].
618-659-6737, ex1. 227; fax: +1-618-659-
8762; e-mail: rbothas@siue.edy. M

Process modules

Com receiving and storage
Corn milling

Germ and fiber separation
Starch and gluten separation
Co-product drying _
Evaporation of steep-water solubles
Starch cooking

Saccharification

Fermentation

Distillation

Dehydration

Ethanol storage and loadout
Emissions control
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