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K. J. Hanford,§* and T. J. Klopfenstein*2
*Department of Animal Science, and tDepartment of Biological Systems Engineering, University
of Nebraska, Lincoln 68583; $Center for Energy Sciences Research and Department of Agronomy
and Horticulture, Lincoln, NE 68583-0724; and §Department of Statistics, University of Nebraska,
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ABSTRACT

A model was previously developed (Bio-
fuel Energy Systems Simulator; www.
bess.unl.edu) to predict greenhouse gas
(GHG) emissions and net energy yield
when ethanol is produced from corn. The
model also predicts feedlot cattle, dairy
cattle, and swine performance and feed
replacement value of ethanol coproducts.
Updated equations that predict perfor-
mance of feedlot cattle fed 0 to 40%
of dietary DM as corn wet (WDGS),
modified (MDGS), or dry (DDGS)
dustillers grains plus solubles replac-
ing dry-rolled and high-moisture corn
were developed and incorporated into
the model. Equations were derived from
pen-level performance for 20 finishing
studies evaluating WDGS, 4 evaluating

" A contribution of the University of
Nebraska—Lincoln Agricultural Research
Division, supported in part by funds
provided through the Hatch Act.
2Corresponding author: tklopfenstein1@unl.
edu

MDGS, and 4 evaluating DDGS con-
ducted at the University of Nebraska.
Feeding value of WDGS was 145 to
131% of corn replaced when included at
20 to 40% of diet DM due to a quadratic
(P < 0.01) increase in G:F. The feeding
value of MDGS was 124 to 117% with

a quadratic (P < 0.01) increase in G:F
and 112 to 110% for DDGS with a linear
(P < 0.01) increase in G:F. Midwest
corn-ethanol-livestock life cycle GHG
reduction relative to gasoline (97.7 g CO,
equivalent/M.J of ethanol) was 61 to 57%
when WDGS was fed to feedlot cattle for
20 to 40% diet inclusion. Feeding MDGS
and DDGS to feedlot cattle reduced GHG
emissions from the corn-ethanol-cattle
system by 53 to 50% and 46 to 41%,
respectively. Feeding WDGS to feed-

lot cattle was the optimum feed use of
distillers grains plus solubles based on
feeding performance and GHG reduction.

Key words: cattle performance, dis-
tillers grains plus solubles, greenhouse
gases, life cycle assessment

and inclusion level in livestock
diets on greenhouse gas
emissions In the corn-ethanol-

INTRODUCTION

Corn (Zea mays) distillers grains
plus solubles (DGS) are an important
part of the corn-ethanol-livestock life
cycle when comparing greenhouse
gas (GHG) emissions of ethanol to
gasoline. Distillers grains contain
energy, protein, and minerals and can
replace corn, urea, and soybean meal
in livestock diets. The energy and CP
replacement value of DGS is depen-
dent on dietary inclusion level and
livestock class (Klopfenstein et al.,
2008b). Ethanol-plant energy use and
associated GHG emissions are affected
by the moisture content of DGS pro-
duced. All ethanol plants produce wet
DGS (WDGS; 65 to 69% moisture),
but some remove moisture to manu-
facture modified DGS (MDGS; 52 to
58% moisture) or dried DGS (DDGS;
8 to 12% moisture). Ethanol-plant en-
ergy use (e.g., mainly natural gas) to
remove moisture has been identified
as a parameter of importance in com-
paring GHG emissions from ethanol
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relative to gasoline (Liska et al., 2009;
Bremer et al., 2010b).

The Biofuel Energy Systems Simu-
lator (BESS; www.bess.unl.edu) was
developed to compare life cycle GHG
emissions from ethanol production
relative to gasoline as a motor fuel,
while accounting for the dynamic in-
teractions of corn production, etha-
nol-plant operation, and coproduct
feeding to livestock. Modeling GHG
emissions requires accurate biological
equations derived from animal per-
formance over a broad range of DGS
feeding conditions. Summaries of DGS
feeding to swine and dairy cattle were
available at the time the BESS model
was developed and were used in the
model. A limited quantity of data on
finishing cattle performance on high
DGS diets was available when the
model was first created. A meta-anal-
ysis was used to develop equations for
feeding WDGS, whereas individual
feeding studies of MDGS and DDGS
were used (Liska et al., 2009; Bremer
et al., 2010b). Multiple studies for all
3 DGS moistures have been completed
more recently to augment initial data
sets and should improve the accuracy
of modeling GHG emissions from
ethanol production. The objectives
of this study were to update equa-
tions used in the BESS model for
predicting cattle performance when
fed WDGS, MDGS, and DDGS using
the most complete data available and
to evaluate effects of DGS moisture
and inclusion level in livestock diets
on GHG emissions from the corn-
ethanol-livestock life cycle relative to
gasoline.

MATERIALS AND METHODS

Cattle Performance

Several scenarios were developed us-
ing the BESS model to compare GHG
reduction when ethanol is produced
compared with gasoline. The scenarios
were developed over a range of live-
stock classes and amounts of drying
of coproducts. Feedlot cattle were
evaluated when fed levels (10 to 40%)
of WDGS, MDGS, or DDGS. Lactat-
ing dairy cows were evaluated when

fed 10 to 30% WDGS, MDGS, and
DDGS. Swine were evaluated when
fed only DDGS at 9 to 27% of DM.

Prior to conducting the analysis
using the BESS model to estimate
GHG emissions in the various sce-
narios, a new data set was devel-
oped to update the equations in the
BESS model. Prediction equations of
growth performance of feedlot cattle
fed WDGS were developed from 20
feedlot cattle finishing studies with
350 pen means representing 3,365
steers (Larson et al., 1993; Ham et
al., 1994; Al-Suwaiegh et al., 2002;
Vander Pol et al., 2005; Godsey et al.,
2008a,b; Luebbe et al., 2008; Meyer et
al., 2008; Wilken et al., 2008; Cor-
rigan et al., 2009; Rich et al., 2009;
Vander Pol et al., 2009; Loza et al.,
2010; Moore et al., 2010; Nuttelman
et al., 2010; Rich et al., 2010; Sarturi
et al., 2010). Equations for MDGS
were also developed from 4 University
of Nebraska—Lincoln feedlot studies
with 85 pens representing 680 steers
(Adams et al., 2007; Huls et al., 2008;
Luebbe et al., 2008; Nuttelman et al.,
2010). Equations to predict growth
performance of cattle fed DDGS
were developed from 4 University of
Nebraska—Lincoln feedlot studies with
66 pens representing 581 steers (Ham
et al., 1994; Nuttelman et al., 2010;
Sarturi et al., 2010; Buckner et al.,
2011). In all studies, cattle perfor-
mance included DMI, ADG, and G:F,
and the studies were done with high-
concentrate, finishing diets.

All studies evaluated feeding corn
DGS when replacing dry-rolled corn,
high-moisture corn, or a blend of the
two. Control diets typically contained
5 to 7.5% roughage, usually alfalfa;
5% corn-based supplement contain-
ing vitamins, trace minerals, urea if
protein was limiting, monensin, and
tylosin; and 87.5% corn. Individual
animal carcass data were collected on
all steers, and feeding performance
was calculated from carcass-adjusted
final BW. In each study, a single DGS
moisture-type coproduct was fed as 0
to 40% DM in the diet. These trials
used crossbred beef steers with a mix
of calf-feds and yearlings, targeting
an ending point of 1.27 cm of back-

fat. All studies were conducted under
similarly managed feedlot research
settings at the University of Nebraska.
Animal use procedures were reviewed
and approved by the University of
Nebraska Institutional Animal Care
and Use Committee.

To develop equations to update
the BESS model, it was necessary
to combine data from the experi-
ments. Meta-analysis methodology for
integrating quantitative findings from
multiple studies was used for data
analysis of the 3 DGS products (St-
Pierre, 2001). This method accounts
for the random effect of individual tri-
als with a structured iterative analyti-
cal process using the PROC MIXED
procedure of SAS (SAS Institute Inc.,
Cary, NC). Pen mean was the experi-
mental unit. Studies were weighted by
number of WDGS levels to prevent
artificial linear responses from studies
with zero and one other level of DGS
evaluated. Each DGS moisture type
was analyzed with a separate data set.
Biological performance equations were
developed based on significant model
variables. Variables tested included
DMI, ADG, and G:F. Intercepts
(i.e., no DGS diet) of the MDGS and
DDGS predicted performance equa-
tions were scaled to the intercept of
the WDGS data set to compare differ-
ences in cattle performance relative
to a common corn control diet. A
common no DGS diet in the Midwest
includes a combination of dry-rolled
corn and high-moisture corn at 80 to
90% of the diet DM, with DGS added
to the diet to replace corn. The equa-
tion adjustment allowed evaluation of
how an individual steer would per-
form if fed 1 of the 3 products relative
to a common base point.

GHG Emissions

The assumptions and calculations of
BESS have been discussed extensively
(Liska et al., 2009; Bremer et al.,
2010b). The BESS model estimates
the net energy yield from producing
ethanol [i.e., ethanol plus coproduct
credits (MJ) minus energy inputs
(MJ)]. All outputs are then reported
on a megajoules of energy basis. The
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model also estimates GHG emissions
as CO, equivalents (CO,eqv) from
nonrenewable energy sources needed
to produce the corn, ethanol, and
dry DGS coproducts (if needed) and
transport the coproducts to animal-
feeding sites. The GHG emissions
are then compared with those from
gasoline used as liquid fuel and
reported as a percentage reduction.
Energy costs (MJ) and GHG emis-
sions with production of fossil fuels,
fertilizer inputs, and electricity are
included. Non-fossil-fuel GHG emis-
sions include N,O from fertilizer and
manure. Bremer et al. (2010b) further
discussed the dynamic livestock

and DGS components of the BESS
model. Midwestern United States
corn production efficiency of 362 g
CO,eqv/kg of corn DM was used for
all scenarios (Bremer et al., 2010b).
Ethanol-production-facility GHG
emissions from ethanol production
and dryer operation were developed
from a survey of 9 ethanol produc-
tion facilities (Bremer et al., 2010b).
Average ethanol-plant GHG emissions
from natural gas and electricity use
for plant operation and DGS drying
were 21.0, 25.6, and 30.5 g CO,eqv/
MJ of ethanol for WDGS, MDGS,
and DDGS, respectively.

We assumed that livestock produc-
tion would be similar in quantity
whether DGS were fed or not. There-
fore, a partial budget approach was
used assuming GHG emissions would
be the same except for direct effects
that use of DGS would have on GHG
emissions, such as transportation of
the DGS and livestock performance.
It was further assumed that CO, orig-
inating from corn and converted to
CO,, either in the production facility
or by the livestock, is resynthesized
into OM in the subsequent growing
season. McGinn et al. (2009) reported
that feeding corn DDGS in forage-
based growing diets reduced CH,
emissions. This was also shown by
Behlke et al. (2007) in lambs. Howev-
er, Behlke et al. (2007) showed higher
CH, emissions in lambs fed high grain
diets when DGS was included, even
though the unsaturated lipid in the
DGS would be expected to reduce

CH, emissions (Martin et al., 2008).
Alternatively, digestion of the fiber

in DGS compared with starch in the
corn replaced would be expected to
increase CH, production (Mc Geough
et al., 2010). Because of these conflict-
ing reports and mechanisms, we chose
to assume similar CH, production

by cattle fed high-concentrate diets
containing DGS and those contain-
ing primarily corn. Enteric methane
production losses were assumed to be
2.9% of gross energy (Bremer et al.,
2010Db) for finishing cattle. Gross ener-
gy was calculated with animal energy
equations (NRC, 1996) that included
DMI, energy content of the diet, and
days on feed.

The BESS model contains equations
that predict animal DMI and G:F.
These equations are used to predict
cattle growth to a common slaughter
weight (Bremer et al., 2010b) and are
largely based on NRC data. Equa-
tions for WDGS, MDGS, and DDGS
were updated based on the meta-
analyses described previously. Distill-
ers grains replaced corn and urea N
in beef finishing diets (Klopfenstein
et al., 2008a) but replaced corn and
soybean meal in swine finishing and
dairy lactating diets (Bremer et al.,
2010b). Summaries of dairy and swine
DGS feeding data (Schingoethe, 2008;
Stein, 2008) indicate a feeding value
of DGS very similar to that of a com-
bination of soybean meal and corn.
Therefore, a direct replacement of
corn and soybean meal (kg/kg of DM)
was used when DGS was fed to these
animal classes.

Average emissions intensity for
gasoline considering an oil sands
fraction (7% of petroleum produced)
and California reformulated gasoline
blendstock is estimated at 97.7 g
CO,eqv/MJ. This value was used as
the gasoline reference point for all
scenarios (Liska and Perrin, 2009).

Corn production efficiency and
ethanol-production-facility operation,
except for drying of DGS, were held
constant for all scenarios. The GHG
emissions of ethanol production from
the corn-ethanol-livestock life cycle
relative to gasoline were calculated for
the following scenarios. The WDGS

produced at the ethanol production
facility can be fed at 10, 20, 30, or
40% of diet DM to feedlot cattle or at
10, 20, or 30% of diet DM to lactating
dairy cows. Similar scenarios for both
feedlot and dairy were evaluated for
MDGS and DDGS. Swine use of DGS
is limited to DDGS, and scenarios of
9, 18, or 27% of finishing diet DM
were evaluated.

RESULTS AND DISCUSSION

Cattle Performance

Steer DMI increased quadratically
at a decreasing rate as DGS inclusion
level increased (Table 1). The biggest
improvement occurred when DDGS
replaced corn as dry-rolled corn or
high-moisture corn. The DMI re-
sponse to MDGS inclusion was inter-
mediate to DDGS and WDGS. Maxi-
mum DMI occurred at a higher level
of DGS inclusion in steers fed DDGS
compared with steers fed MDGS, and
of the 3 DGS moisture products, the
maximum DMI occurred at the lowest
level of DGS inclusion in steers fed
WDGS. Quadratic increases in ADG
and G:F occurred when steers were
fed WDGS or MDGS. Steer ADG
and G:F improved linearly as DDGS
replaced corn in the diet. Steer ADG
was similar for the 3 DGS moisture
products. All DGS products had a
higher feeding value than that of
corn, measured by the increase in feed
efficiency of DGS diets compared with
corn-based diets. Feeding values were
calculated as the increase in G:F of
the diet containing DGS compared
with the diet with no DGS divided by
the level of inclusion of DGS in the
diet. The feeding values of WDGS,
MDGS, and DDGS, when fed at 20 to
40% of diet DM, were 143 to 130%,
124 to 117%, and a constant 112% of
corn (DM basis), respectively, in high-
concentrate finishing cattle diets. The
feeding value of DGS decreased as
moisture level decreased. The feeding
value of WDGS and MDGS decreased
as inclusion level increased. The feed-
ing value of DDGS was a constant
112% of corn DM.
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Table 1. Meta-analysis of finishing-steer performance when fed different dietary inclusions of corn wet distillers
grains plus solubles (WDGS), modified distillers grains plus solubles (MDGS), or dried distillers grains plus
solubles (DDGS) replacing dry-rolled and high-moisture corn'

DGS inclusion,? % P-value®
Item 0 10 20 30 40 Lin Quad
WDGS*
DMI, kg/d 10.4 10.6 10.6 10.4 10.2 0.01 <0.01
ADG, kg/d 1.6 1.71 1.77 1.78 1.75 <0.01 <0.01
G:F 0.155 0.162 0.168 0.171 0.173 <0.01 <0.01
Feeding value,® % 150 143 136 130
MDGS®
DMI, kg/d 10.4 10.8 10.9 10.9 10.6 0.95 <0.01
ADG, kg/d 1.6 1.71 1.77 1.78 1.74 <0.01 <0.01
G:F 0.155 0.159 0.162 0.164 0.165 <0.01 0.05
Feeding value,® % 128 124 120 17
DDGS®
DMI, kg/d 10.4 10.9 1.2 1.3 1.3 <0.01 0.03
ADG, kg/d 1.6 1.66 1.72 1.77 1.83 <0.01 0.5
GF 0.155 0.156 0.158 0.16 0.162 <0.01 0.45
Feeding value,® % 12 12 12 12

'References cited in text.

2Dietary treatment levels (DM basis) of distillers grains plus solubles (DGS).

SEstimation equation linear (Lin) and quadratic (Quad) term t-statistic for variable-of-interest response to DGS level.
“WDGS data presented are from Bremer et al. (2010a).

SPercent of corn feeding value, calculated from DGS inclusion level feed efficiency relative to 0 WDGS feed efficiency, divided by
DGS inclusion.

SMDGS and DDGS steer performance was scaled to the WDGS intercept for equal comparison across by-product types. This
process was validated by Nuttelman et al. (2010).

GHG Emissions

All scenarios evaluated had ethanol
life cycle emissions less than gasoline
(Table 2). The life cycle that included
feeding WDGS to feedlot cattle had

Table 2. Percent reduction in greenhouse gas (GHG) emissions for
an equivalent quantity of energy from ethanol relative to gasoline

when accounting for distillers grains (DGS) moisture content, dietary
inclusion level, and livestock type fed'

GHG % reduction to gasoline?

DGS, % of diet DM WDGS MDGS DDGS
Beef
10 62.4 53.9 46.1
20 60.6 52.6 45.4
30 58.4 50.9 44 .4
40 56.7 49.7 43.9
Dairy
10-30 52.6 47.9 42.8
Swine
9-27 — — 42.3

"WDGS = wet distillers grains with solubles; MDGS = modified wet distillers grains
with solubles; and DDGS = dried distillers grains with solubles.

?Gasoline reference point is 97.7 g CO,eqv/MJ (Liska and Perrin, 2009).

the least ethanol GHG emissions of
the scenarios evaluated. The next best
option was feeding WDGS to dairy
cows. Feeding MDGS to feedlot cattle
created fewer GHG emissions than
did feeding MDGS or DDGS to dairy
cattle. Feeding DDGS to feedlot cattle
had slightly fewer GHG emissions
than feeding DDGS to swine and
dairy cows.

A decrease in steer performance as
moisture is removed from WDGS,
as indicated by results of the meta-
analyses, is in agreement with indi-
vidual studies that evaluated both
WDGS and DDGS (Ham et al., 1994;
Nuttelman et al., 2010; Sarturi et
al., 2010). Those studies evaluated
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feeding DGS in the WDGS or DDGS
forms and found that the feeding
value of WDGS was greater than that
of DDGS. Nuttelman et al. (2010)
conducted the first study to evalu-
ate feeding multiple dietary inclusion
levels of WDGS, MDGS, and DDGS
in the same study. In addition, the
MDGS and DDGS were sourced from
the same ethanol production facility,
and all 3 types of DGS were the same
in nutrient composition. The research-
ers found the feeding value of WDGS
to be greater than that of MDGS,
which were both greater than that

of DDGS. Results indicate cattle fed
drier DGS products eat to a constant
energy intake, which are supported
by findings from our study that DMI
of steers increased as DGS moisture
decreased when compared at the same
ADG.

The feeding value of DGS is set at
the ethanol production facility with
management decisions on how to mar-
ket WDGS. Target market livestock
populations and DGS transportation
costs are drivers of how WDGS is
processed at the ethanol production
facility (Buckner et al., 2008; Bremer
et al., 2010b). Drying WDGS increas-
es storage life and decreases shipping
costs. Drying DGS allows access to
markets unattainable with WDGS by
moving DDGS to export markets, the
swine industry, and livestock indus-
tries in other regions within North
America. This flexibility comes at a
cost in addition to the decrease in
feeding value of DDGS relative to
WDGS, which is the fixed and vari-
able cost of owning and operating a
dryer in an ethanol production facility
(Baumel, 2008). Ethanol-production-
facility decisions on DGS moisture
management also affect the GHG
balance of ethanol produced, because
ethanol production facilities produc-
ing DDGS require 167% of the energy
and produce 145% of the GHG emis-
sions of ethanol production facilities
producing WDGS (Liska et al., 2009).
This emphasizes the need to make
ethanol-production decisions that are
economically and environmentally
sound.

The biggest reduction of GHG
emissions occurred when WDGS were
fed to feedlot beef cattle close to the
ethanol plant because of the greater
replacement value of the coproduct
for corn for beef compared with other
livestock types, and because drying
was not required. This is influenced
by regional variability in GHG emis-
sions from both crop and livestock
production (Bremer et al., 2010b).
Low inclusion levels of DGS had
greater reduction of GHG emissions
than did higher inclusion levels. Dairy
cattle have slightly lower GHG reduc-
tions than do feedlot cattle because
there is a lower replacement value of
the coproducts. All livestock classes
had lower reduction in overall GHG
emissions when DDGS was fed be-
cause of the use of a fossil fuel to dry
the coproduct.

Gasoline Reference Point. The
evaluation of ethanol as a liquid fuel
relative to gasoline requires accurate
evaluation of the ethanol production
cycle and an accurate reference point
for the GHG intensity of gasoline.
Gasoline emissions include combus-
tion emissions but also upstream
emissions from crude oil recovery,
refinery emission, and flaring losses
(Brandt and Farrell, 2007). Emissions
due to military security associated
with acquisition of Middle Eastern
petroleum, changes in the composi-
tion of petroleum supplies toward
more GHG-intensive fuels, and other
additional emissions from petroleum
processing must also be considered
(Liska and Perrin, 2009). Indirect
GHG emissions from military security
for maritime oil transit are estimated
to raise the GHG intensity of gasoline
from the Middle East by ~20% over
the conventional baseline (Liska and
Perrin, 2010).

Ethanol production does not dis-
place average fossil fuel gasoline, but
a marginal unit of gasoline that may
have a higher environmental cost than
average gasoline (US EPA, 2010). As
the proportion of gasoline derived
from more energy-intense processes
increases, the GHG life cycle reference
point of gasoline should be updated to
compare a marginal liter of gasoline

to an equal energy quantity from eth-
anol. The GHG intensity of gasoline
is increasing because of depletion of
efficiently accessible deposits (Brandt
and Farrell, 2007). Unconventional
and less efficiently processed sources
of petroleum such as oil sands, coal-
to-liquids, and oil shale will likely be
used to fill the gap between current
petroleum supply and energy demand.
Indeed, Canadian oil sands could sup-
ply 20% of US gasoline by 2020 (Liska
and Perrin, 2009).

Indirect GHG Effects of Etha-
nol and Gasoline. Indirect GHG
emissions from ethanol and gasoline,
such as land-use change, were not
evaluated in this study because of
the complexity in calculating indirect
GHG emissions (Liska and Perrin,
2009; US EPA, 2010). A methodol-
ogy to incorporate accurate scientific
knowledge about direct life cycle emis-
sions and uncertainties concerning po-
tentially important indirect emissions
must be developed to fully evaluate
the GHG mitigation potential of etha-
nol (Liska and Perrin, 2009; US EPA,
2010). This is especially true when
indirect effects provide a large effect
on the life cycle analyzed.

It is tempting to add a single indi-
rect emission from land-use change
due to increased ethanol production
(Searchinger et al., 2008). However,
increasing corn production to support
the ethanol industry is partially offset
by utilizing coproducts of the ethanol
industry in livestock diets. Also, if
land-use change is incorporated into
the model, then all indirect emis-
sions need to be accounted for. These
include military security emissions,
changes in rice cultivation, and chang-
es in livestock production globally
(Liska and Perrin, 2009; Liska and
Perrin 2010; US EPA, 2010). Further
research is needed before confidence
in the net effects of indirect GHG
emissions of both biofuels and petro-
leum fuels is possible (Liska and Per-
rin, 2009). A comprehensive assess-
ment of GHG emissions implications
of substituting ethanol for gasoline
needs to be completed before effects
of indirect GHG emissions from land-
use change can be determined.
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Current Ethanol Production
Versus Future Expansion GHG
Emissions. Indirect land-use change
is associated primarily with future
expansion of the ethanol production
industry. Emissions from existing
ethanol production facilities are lim-
ited to direct emissions, given whatev-
er indirect emissions were associated
with initiating ethanol production at
these facilities has already occurred.
Because of this, biofuel usage from
existing facilities reduces GHG emis-
sions from transportation fuel use
compared with gasoline but also sup-
ports national security goals and rural
development objectives. Evaluation
of these additional policy objectives
are not considered in GHG emissions
modeling frameworks but are impor-
tant considerations when comparing
fuels.

Future Coproducts. Distillers
grains are used as a CP and energy
source by feedlot cattle (NRC, 1996;
Klopfenstein et al., 2008a). Rumi-
nants are able to digest the fat,
fiber, and CP components of DGS.
However, utilization of protein as a
source of energy by animals increases
N excretion and NH, emissions,
which are accounted for in the BESS
model. Fractionation of DGS products
for biodiesel production from corn
oil, and potential cellulosic ethanol
production of the fiber fraction, will
result in a more concentrated CP
source. The GHG balance of ethanol
and other coproducts produced from
fractionated corn processes may be
different from the current systems an-
alyzed because of changes in the uses
of the coproducts produced, changes
in corn processing, and environmental
costs of implementing the technology.
The feeding value of these products
may also be affected (Buckner et
al., 2011). Furthermore, exploitation
of fibrous biomass fermentation for
ethanol production would compete
for the feed resource niche that cattle
currently use.

Although ethanol production has
altered the availability, and price,
of corn for livestock production, use
of DGS as livestock feed has helped
maintain the synergistic relationship

between the livestock and corn-
production industries. Feeding DGS
results in up to 0.43 kg of corn DM
offset as DGS for each kilogram of
corn DM fermented at the ethanol
production facility. The United States
livestock industry is of sufficient size
to fully use DGS production from the
69 billion L/yr of corn-based ethanol
(Bremer et al., 2010b), or 1.7 times
larger than the current 40 billion L/yr
(RFA, 2009). These DGS use calcula-
tions are conservative, because they
do not account for exported DGS and
feeding DGS to nonlactating dairy
cows, beef cattle on pasture, feedlot
cattle finished in yards less than 1,000
cattle capacity, and poultry (Klopfen-
stein et al., 2008b).

IMPLICATIONS

Feeding DGS to livestock contrib-
utes to the environmental benefit of
fuel ethanol relative to gasoline. The
GHG emissions benefits of ethanol are
determined by how DGS moisture is
managed at the ethanol production
facility and what animal classes are
fed. Feeding WDGS to feedlot cattle
provided the optimum feed use of
DGS for livestock. Partial (MDGS) or
complete drying (DDGS) of WDGS
reduced the feeding value and in-
creased ethanol GHG emissions rela-
tive to WDGS. United States state
and federal GHG regulations for fuels
should be continually updated and
use the most representative and ac-
curate data for assessing ethanol and
gasoline GHG emissions.
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