


Table 2: Corn and Soybean Areas in lowa (Million Hectares).

Year Corn Soybeans Total
2006 5.10 4.1 9.21
2007 5.79 3.56 9.35

the EBAMM (1.1) model for our estimation. The model was
constructed by Farrel et al. (2006), and can be downloaded
from their website (http://rael.berkeley.edu/EBAMMY/). Re-
sults from both the agronomy and the post-agronomy phases
can be obtained from EBAMM. One clear advantage of this
model is that data sources and parameters are transparent and
S0 it is easy to see the impacts of different assumptions. GHG
emissions differ for different ethanol processing plants. Giv-
en that our focus is on the agronomy phase, industry weighted
averages are used regarding energy uses and conversion rates
at the post-agronomy phase. Since the efficiency of ethanol
plants advances over time, EBAMM was run with most re-
cent parameter values. For the agronomy phase, we obtained
data specifically for corn grown in Iowa.

Emissions at the Post-agronomy Phase

GHG emissions at the post-agronomy phase depend
mainly on three factors: milling processes, energy sources,
and coproduct distribution. Before 2000, wet mill plants
dominated US ethanol production because they were more
profitable than dry mill plants. But the sharp increase in etha-
nol prices has made dry mill plants more popular because of
their greater efficiency at turning corn into ethanol. Based
on Food and Agricultural Policy Research Institute (FAPRI)
(2007) forecasts for 2010, the conversion rates at dry and
wet milling plants will be 415.75 and 405.32 liters per MT
of corn, respectively. The 2010 shares of ethanol production
will be 87% for dry mills and 13% for wet mills. Energy re-
quirements per liter of ethanol produced in 2010 for dry and
wet mill plants will be 10.03 MJ/ge L (i.e., megajoule per
gasoline-equivalent liter) and 12.80 MJ/ge L respectively
(GREET 1.8). We adopt these numbers given that they take
into account ethanol plants that will be in operation in the
near future. A major energy requirement in dry mill plants
is the drying of distillers grains. Distributing the grains wet
to local feedlots reduces energy use of a dry milling plant by
35% (Wang et al., 2007). Iowa’s ethanol plants market 75%
of the distillers grains dry while the rest are sold wet (Hardy
et al., 2006).

For the post-agronomy phase, we computed an industry
average of 1.26 kg CO,e/ge L for GHG emissions. Baker and
Babcock (2008) show that distillers grains will substitute for
corn and soybean meal in cattle and hog rations. To calculate
the amount of corn and soybeans displaced requires solving
the least cost feed rations problem with and without distill-
ers grains being allowed to enter the least cost solution and
then comparing the amount of corn and soybeans in the two
solutions. Baker and Babcock (2008) show that the greatest

displacement will be in the rations of fed cattle. Each gaso-
line-equivalent liter of ethanol produces 5.24 kg of distillers
grains. Baker and Babcock (2008) estimate that each kg of
distillers grains displaces 0.579 kg of corn and 0.473 kg of
soybean meal at a corn price of $4.26/bu and a soybean meal
price of $249/MT. With an emission rate of 0.356 kg CO,
per kg of corn and 0.3321 kg CO.e per kg of soybean meal
implies a credit of 0.539 kg CO,/ge L which makes the net
contribution at the biorefinery stage equal to 0.72 kg/ge L.
Credit for the production of byproducts offsets 43% of GHG
emissions from the ethanol refinery.

Corn Production in lowa

Over 90% of field crop acreage in Iowa is devoted to corn
and soybeans. In 2006 the ratio of corn acreage to soybean
acreage was 1.24 (See Table 2). Because of increased demand
for corn from the ethanol industry, the ratio increased to 1.63
in 2007. The two crops are grown primarily in two rotations:
CS and CC. Because soybeans are not planted after a crop of
soybeans, we can deduce from Table 2 that 4.11 million ha of
corn were planted following soybeans in 2007. Subtracting
this from 2007 corn acreage we find that 1.68 million ha of
corn were planted on 2006 corn acreage. We assume that the
difference in total areas (0.14 million ha) between 2006 and
2007 was converted to corn from idle land and was planted
using continuous corn production methods. If we consider the
current distribution of rotation to be stationary, we have ap-
proximately 71% of Iowa corn produced in a corn-soybean
rotation with 29% planted after corn.

The benefits of planting corn after soybeans rather than
after corn are higher yields, lower levels of nitrogen (N) fer-
tilizer and chemicals, lower tillage and more timely plant-
ing and harvesting. Thus, GHG intensity is lower for corn
planted after soybeans than corn planted after corn because
crop yield and N fertilizer rates are two key determinants of
GHG emissions from the production of corn. A typical yield
penalty associated with corn after corn relative to corn after
soybeans is approximately 10-15% in lowa (Erickson and
Lowenberg-DeBoer, 2005; Hennessy, 2006; DeWitt, 2002;
Duffy and Correll, 2006). For our analysis, we use a 10%
yield drag as new corn hybrids and improved management
have tended to shrink the disadvantage. Among inputs at the
agricultural phase, N fertilizer has the highest energy content,
which implies high GHG emissions (Graboski, 2002; Pimen-
tal and Patzek, 2005). In addition, part of N fertilizer applied
to soil is emitted as nitrous oxide through denitrification and
nitrification processes. The global warming potential of ni-
trous oxide is about three hundred times more potent than
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Table 3: lowa’s Trend Corn Yields by Counties 2007, Inferred Distribution and Input Use.

Corn Following Soybeans (CS)

Corn Following Corn (CC)

Yield Classes Lower Middle Upper Lower Middle Upper
Yields (MT/ha) 9.68 10.54 11.17 8.71 9.49 10.05
N fixed (kg/ha) 146 146 146 202 202 202
N varied (kg/ha) 129 146 163 185 202 219
P (kg/ha) 62 67 78 49 62 67
K (kg/ha) 45 56 62 45 50 56
Limestone (kg/ha) 647 647 647 647 647 647

CO,. Therefore, the difference in N fertilizer application be-
tween the two rotations can make a large difference in the
GHG emissions from corn production.

Besides rotation, yields are affected by soil and land
properties as well as climate conditions. To account for these
differences, lowa counties were classified as being either low
yielding, medium yielding, or high yielding according to their
trend yield level in 2007. In general, many farmers vary N
rates according to yield potential. But some current guide-
lines for N application do not vary recommendations accord-
ing to yield potential (Duffy and Smith, 2007; Sawyer et al.,
2006). There is little concrete empirical data to support either
uniform or varied application across land with different yield
potential. Thus, we consider both scenarios in our analysis.
The uniform rates are assumed to be 146 and 202 kg/ha for
corn following soybeans and corn following corn respective-
ly. These rates are assumed to hold for the middle yielding
class under the varied rate scenario. In this scenario, appli-
cation rates are increased by 17 kg/ha for the high yielding
counties and decreased by 17 kg/ha for low yielding counties.
Table 3 lists yields and major input application rates for the
two rotations by the three land classes.

While corn following soybeans requires lower levels of
nitrogen than corn after corn, the rates of phosphorous (P) and
potassium (K) are in general higher for corn after soybeans to
compensate for the higher removal rate of phosphate (P,0;)
and potash (K,0). However, the GHG impacts of P and K fer-
tilizer are minor relative to the effects of N fertilizer. We use
P and K rates suggested by ISU Extension (Duffy and Smith,
2007). Another input in corn production that has important
GHG implications is limestone, which is applied to fields to
adjust for soil pH. Limestone is usually applied every few
years. Applied limestone is converted to lime (CaO) in the
soil. Approximately 44% of its mass is released to the air as
CO, (Wang er al., 2007). Farrell ef al. (2006) indicated that
limestone application rate data are very dispersed among corn

producing states and among various GHG emission reports.
Unlike most peer studies, here we apply a state specific rate
and avoid some of the associated variation. Based on the most
recent data, lowa’s limestone application rate per year is 647
kg/ha in 2001 (USDA). Finally, we use a higher seed rate that
matches Iowa’s yields and omit energy related to irrigation
which is rarely used in lowa. For other input data and param-
eters, which are mostly time invariant, we adopt the values in
the “Ethanol today” scenario of the EBAMM model.

Results-based on LCA

Table 4 reports the GHG emissions factors at the agron-
omy phase. Producing corn after a crop of corn emits on
average 35% more GHGs than corn produced after a crop
of soybeans. This result has important implications because
most additional corn planted for ethanol in lowa is currently
obtained through a rotation shift from corn-soybeans to corn-
corn (see Table 2). If land of different classes is applied with
the same N rate, then there are marked differences in GHG
emissions (as high as 47.24 kg/MT of corn) among the class-
es. However, if we assume that higher land classes require
higher N application to reach its higher yield potential, then
the differences among the classes are much smaller (at most
7.48 kg/MT of corn). In other words, the impact of higher
(lower) yields is offset by the higher (lower) emissions as-
sociated with more (less) N application.

To obtain the LCA emissions of corn ethanol, we com-
bine emissions at the agronomy and the post-agronomy
phase. As shown by the first two columns of Figure 3, the
results for the two rotations are 1.66 kg/ge L and 2.0 kg/ge L
for corn in corn following soybeans (CS) and corn following
corn (CC) rotations, respectively. The percentage difference
between the rotations is smaller for the lifecycle than for the
agronomy phase because both rotations have the same emis-
sions at the post-agronomy phase. A commonly used estimate
of gasoline’s LCA emissions is 2.96 kg/ge L (Farrell et al.,
2006, and Hill et al., 2006). Compared to gasoline, our results
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Table 4: Emissions at the Agronomy Phase (kg CO_e/MT of corn).

Land Class Emissions Emissions
(uniform N rate) (varied N rates)
E High 247.64 264.17
ag,c_cs
Middle 260.24 260.24
Low 281.5 262.6
Average 262.99 262.2
- High 334.25 352.76
ag,c_cc
Middle 352.76 352.76
Low 381.5 360.24
Average 356.3 355.12

mean that ethanol based on corn grown after soybeans re-
duces GHG emissions by 43.7%, while ethanol based on corn
grown after corn achieves a 32.4% reduction. Both numbers
are much larger than the results of some recent studies. For
example, Farrell et al. (2006) reported a best estimate of 18%
while Hill et al. (2006) reported a value of 12%.

To obtain an estimate of the overall GHG impacts of
ethanol from Iowa corn, we can calculate the weighted av-
erage of LCA emissions of ethanol based on the amount of
corn grown after soybeans and the amount grown after corn
in Iowa. The weight is the share of the rotations which may
change from year to year. If we assume the acreage of corn-
soybean rotation is the same as the soybean acreage, then we

can obtain the share of each rotation in 2006 and 2007. Based
on these shares, we computed that the average GHG emis-
sions of ethanol based on Iowa corn was 1.72 kg/ge L in 2006
and 1.78 kg/ge L in 2007. These represent 41.7% and 39.7%
reduction in GHG emissions, respectively.

It is perhaps more reasonable to consider that emissions
at the agronomy phase of ethanol should be emissions asso-
ciated with the production of “new” corn as a result of etha-
nol expansion. If we assume that all new corn, and only new
corn, is used for ethanol production, then the GHG impacts
of ethanol can be quite different from those based on the total
amount of corn produced. The difference arises because ad-
ditional corn is likely to be cultivated with more intensive
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Figure 3: GHG Emissions From of Corn Production in lowa.
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Table 5: Tillage Practices in lowa and Emissions of Corn and Soybeans.

Tillage Practice Soybean’s Corn’s emission Tillage of Tillage of corn
emission (kg/halyr) soybeans in lowa in lowa
(kg/halyr)

Conventional 106.99 228.07 7.6% 22.4%

Reduced 86.98 246.11 20.7% 35.6%

Conservation 86.98 246.11 43.2% 24.3%

No till 70.92 225.11 28.3% 17.7%

agricultural practices. In the case for lowa, corn expansion
comes through the conversion of idle land and a rotation shift
from corn-soybeans to corn-corn. In addition to higher emis-
sions per hectare of new corn, converting corn-soybeans to
corn-corn increases emissions of corn that is not destined for
ethanol but must be accounted for because of expanded eth-
anol production. Consequently, ethanol based only on new
corn results in more emissions per liter of ethanol produced
as shown by the last column of Figure 3. Accounting based
on new corn decreases the GHG benefits to about 21.5%. The
emission changes occurred in all corn production are attribut-
ed to the production of new corn, since the changes occurred
as a result of the production of new corn. Given that it incor-
porates the impacts on corn production that is not destined for
ethanol, such “new corn” accounting is in a way partial SWA.
However, it is only partial since emission changes beyond
corn production are not considered.

Results-based on SWA

To perform SWA, we need information on a few other
GHG emission factors besides those considered for the LCA.
As we discussed in the system wide accounting section, the
factors are emissions from soybean production (Eag's .,)» emis-
sions generated in the change of rotation from corn-soybeans
to corn-corn (E ), emissions from idle land (£ ),

. conv,cs_cc . K N ag,idle
emissions resulted from the conversion of idle land (£ .. ),

emissions related to the use of soybeans (Epom), and emis-
sions related to the food use of corn (Ep ).

West and Marland (2002) report the carbon emissions of
corn and soybean production with respect to tillage practices
in the United States. Soybean production is less energy inten-
sive than corn and emits less carbon across all tillage prac-
tices. The difference is largely attributed to the use of N fertil-
izer. We combine these results with the distribution of tillage
practices in Iowa as reported by Conservation Technology
Information Center for 2002 to calculate the tillage-weighted
average emissions of corn and soybean production (Table 5).
Since West and Marland (2002) does not have conservation
tillage, while the CTIC data do; we assume the emissions
under conservation tillage are the same as emissions under
reduced tillage. Since the latter is in general more energy in-

ost,food_c

tensive than the former, our assumption would over-estimate
emissions of corn and soybean production. From Table 5,
we estimated that soybean production on average generates
about 35% of the emissions generated by corn production.
To obtain an estimate for the GHG emissions from soybean
production, we multiply this percentage number by emissions
from corn production in the CS rotation since it has been the
dominant rotation. (We do not use estimates of emissions in
West and Marland (2002) directly because their study has a
different system boundary definition. In particular, they do
not consider nitrogen emissions, but we do.)

It is not an easy task to estimate soil carbon changes on
idle land at the state level because carbon flux differs by
soil, climate, and specific vegetation on a field, which are all
heterogeneous across the state. According to Brenner et al.
(2001), conversion of annual cropland to grasslands, as un-
der the Conservation Reserve Program (CRP), sequesters on
average about 6.78 MT of CO.e (i.e., 1.85 MT of carbon) per
hectare per year in lowa. In a protocol set out by Chicago Cli-
mate Change, carbon sequestration rate on CRP land is set at
2.47 MT/ha/year (Chicago Climate Exchange, 2007). In this
chapter, we use the latter i.e. Eag,i 0= -2.47/MT/ha/year; this
means that our results on the GHG impacts of corn ethanol
are on the conservative side. After 10 years, the usual contract
length for the CRP program, CRP land would have added on
average 2.47 MT/ha/year of CO,e to the soil. Upon reverting
back to agricultural production, a reasonable assumption is
that the sequestered carbon will all be released back to the
atmosphere, and assume further that this release also happens
in 10 years, then £, =2.47 /MT/ha/year. Soil carbon se-
questration or release is a dynamic process during which the
rate of soil carbon change differs from year to year, usually at
greater rates immediately following land use change. Paustian
et al. (1998) suggested that, when land is taken out of agri-
cultural production, carbon sequestration would continue for
about between 50 and 100 years before a new equilibrium is
reached for soil carbon stock. Similarly, when land is cleared
for production, the release of carbon also occurs over time
(Mann 1986). Our use of annual average over a time period
(ten years) is a simplification of this process that captures the
overall change of total soil carbon stock.
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Table 6: SWA Results Based on Two Different Baselines and Scenarios.

Maximum Ethanol 2007 Situation

Relative to No  Relative to 2006

Change from Baseline Ethanol Baseline Baseline
Corn following corn (CC) area (million hectare) 9.21 1.23

Corn following soybeans (CS) area (million hectare) -9.21 -1.09

Idle land area (million hectare) 0 -0.14

Corn production (million MT) 38.82 6.55

Total GHG emissions (million MT CO.e) 10.46 1.06

GHG emissions (kg COze per liter* of ethanol) 1.99 2.38

GHG reduction per liter of gasoline displaced 32.6% 19.6%

*As in rest of this chapter, here liter means “gasoline-equivalent liter” — the amount of ethanol that is

equivalent to 1 liter of gasoline in energy content.

The rotation effects on soil carbon stock depend on soil
properties and other farm management practices like fertilizer
application and tillage systems. Paustian et al. (1997) indi-
cated that soil organic carbon was higher for continuous corn
than for a corn-soybean rotation. In Hao et al. (2002), similar
results were obtained for reduced tillage; the two rotations
had the same soil carbon under conventional tillage. Vyn et
al. (2006) reported that continuous corn did not store more
soil organic carbon than rotation corn. The possible reason,
they conjectured, was that continuous corn emitted more CO,
from the soil surface than a corn-soybean rotation. Based
on their analysis of a global database of long-term field ex-
periments, including sites in the US Midwest, West and Post
(2002) concluded that there is no significant difference in soil
organic carbon stock between continuous corn and corn-soy-
beans. The large amount of residue generated in a CC rotation
presents a challenge for conservation tillage. Thus, the risk
and magnitude of yield drag associated with continuous corn,
compared to corn-soybeans, is greatest with high-residue no-
till or minimum tillage systems (Nielson et al. 2006). Thus,
even though a corn-soybean rotation may result in lower soil
carbon level under the same tillage practice, overall this de-
crease is likely to be compensated by more use of conserva-
tion tillage. Taking into account all these factors, we assume
that £ =0.

conv,cs_cc

We consider SWA for two cases in lowa. In the first
case, referred to as “all CS baseline,” all baseline crop
production is in a corn-soybean rotation and that there is
no corn ethanol produced in the baseline. This is clearly
a hypothetical case because corn has been processed into
ethanol for three decades. In this baseline, corn and soy-
bean area both equal 4.605 million ha so that their total
equals the total area devoted to corn and soybeans in 2006.
The scenario calls for “maximum ethanol.” Corn for etha-
nol is created by shifting all baseline corn and soybeans
area to continuous corn. That is, 9.21 million ha are shifted
from a corn-soybean rotation to continuous corn. No idle
land is assumed to be converted. We assume that all ad-
ditional corn comes from these land use changes and no

corn is diverted from food use. Furthermore, we assume
that soybean consumption in lowa does not change, which
implies that reduction in soybean production in Iowa will
be made up by soybean produced somewhere else in the
United States or in the world. Essentially there is no emis-
sion changes related to the food use of corn and soybeans.
Calculating the weighted sum of GHG changes in a way
similar to that in equation (8), we have:

o A Ves
ATESWA = ATELCA,U(» + [9'21 x 0.5 x (Eug,virx+ Eag,r,m - V.. ag,s_cc
-2 xE,,. ]
= 10.40 + 0.06 = 10.46 (million metric tons).

Table 6 lists the results for other variables in this case includ-
ing land uses, the total amount of additional corn used for etha-
nol, and GHG emissions. In total, the scenario generated 38.82
million metric tons more corn than the baseline. The GHG emis-
sion rate is 1.99 kg/ge L, which is equivalent to 32.6% reduction
relative to the LCA emissions of the displaced gasoline. Thus, in
this particular case, the GHG benefits of ethanol under SWA are
about the same as those under LCA for ethanol produced from
corn grown under CC rotation. Nonetheless, the apparent similar-
ity between the results under SWA and LCA is derived through
very different calculations and the similarity could disappear if
different emissions coefficients were used in the analysis. The
emissions associated with soybean production are given as ben-
efits from corn ethanol under SWA, while the intensification of
corn production was imposed as a penalty against corn ethanol’s
GHG impacts. These quantities were large in magnitude (4.47
million MT of CO,e), but they happened to offset each other in
this analysis.

In the second case, we take 2006 crop production as a
baseline and consider the GHG benefits of ethanol based
on the additional corn generated through land use changes
in 2007. Assume the total area of CS rotation was just the
double of soybean area, then the area for CS rotation was 8.22
million hectares (ha) in 2006 and 7.12 million ha in 2007 (see
Table 2). This implies that 1.1 million ha was shifted from
CS to CC. The difference in total area between the two years
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(0.14 million ha) was assumed to have been converted from
idle land to continuous corn. As in the previous case, food
use of corn and soybeans is assumed to be the same as in the
baseline. Then, we can compute corn ethanol’s GHG benefits

for this case as:

Y. A
—ZexE
Y. )

ag,c_cc:

(10)

ATE,, = ATE,, .+ [1.1 X 0.5 % (Eugyw+ E,w
-(LYxE,  +014x(E
= 1.76 — 0.70 = 1.06 (million metric tons).

agidle Ecam»,idle,cc )]

Land use changes and GHG results are presented in Ta-
ble 6. Dividing total GHG emissions by the ethanol produced
from the additional corn, we obtain the GHG benefits for
this case: 0.58 kg CO,e per liter of gasoline displaced. This
amounts to a 19.6% reduction from the LCA emissions of
gasoline. This reduction is smaller than in the previous case
because the increased emissions related to conversion of idle
land is more important given the much smaller total reduction
in emissions.

The Impacts of Geographical Boundaries

One potential criticism of the analysis presented in the
previous section could be that the geographic boundaries put
on the problem are too restrictive. After all, in both cases
most of the additional corn for ethanol production is made
available by reducing soybean acreage. Furthermore, soy-
bean consumption is held to be the same as in the baseline
scenarios for both cases. But if soybean consumption does
not change in Iowa, then additional land will have to be de-
voted to soybean production in other regions of the United
States or in South America.

Expansion of the SWA boundaries to include these indi-
rect effects of expanded soybean production area is beyond
the scope of this study. However, we can make some rough
calculations. Suppose that the geographical boundary is ex-
panded so that emissions of soybean expansion outside lowa
will have to be considered. Then, the credits given to ethanol’s
GHG benefits in SWA for soybean production would have
to be taken away. If soybean expansion outside lowa emits
GHGs at the same rate as that used in our previous analysis,
then broadening geographical boundary this way will reduce
the GHG benefits of lowa corn ethanol to 18.7% for the all
CS baseline case and 8.6% for the 2006 baseline case.

If we further assume that land used for soybean expan-
sion has never been tilled, and that the release of carbon in the
untilled land is equal to the release of carbon from CRP land
when it is tilled, then ethanol’s benefits have to be reduced
even more. If soybean expansion has the same yield as that
in Iowa, which implies that new soybean production area out-
side Iowa has to equal the reduction in soybean area in lowa
to maintain total soybean production then the release of soil
carbon increases GHG emissions by 16.8% and 16.4% for the
all CS baseline case and the 2006 baseline case, respectively.
Of course, emissions associated with soybean production and

conversion of grassland to soybean production will depend
on the soil and climate condition of the relevant regions. But
our estimates show how such benefits can be calculated and
the possible magnitude of these numbers.

Conclusions

The degree to which corn ethanol reduces greenhouse
gas emissions depends on how corn is produced, how corn is
processed into ethanol, and what emissions would be without
corn ethanol. Lifecycle analysis takes into account the first
two factors, but not the third. But the third factor may be the
most important determinant. The degree to which LCA-esti-
mated emissions differ from SWA-estimated emissions can
vary widely depending on the situation analyzed.

LCA estimates of the reduction in GHG emissions of
corn ethanol themselves can vary widely. The GHG reduc-
tion of corn ethanol produced from lowa corn vary according
to the year analyzed, whether corn is grown in rotation with
soybeans, and whether the average or marginal agronomy
emissions of corn are measured. Corn grown after a crop
of soybeans in Iowa emits 26% less CO,e in the agronomy
stage than corn grown after a crop of corn. Hence, lowa corn
grown in 2007 had higher average emissions than Iowa corn
grown in 2006 because lowa moved to more continuous corn
spurred by the increased demand for ethanol. LCA of the
marginal corn that lowa farmers grew in 2007 to meet etha-
nol demand (rather than the 2007 average corn) reduces the
net GHG reduction of corn ethanol relative to gasoline from
39.7% to 21.5%.

Moving to SWA accounting involves comparing total
baseline emissions and emissions with corn ethanol. Thus
care must be taken in specifying both the baseline and the
scenario. If baseline ethanol production is zero, and all base-
line Iowa corn is grown in a corn-soybean rotation, then a
shift to continuous corn to provide corn for ethanol produc-
tion would reduce net GHG emissions relative to baseline re-
sults by approximately 32.6% per liter of gasoline displaced.
If 2006 planted acreage and ethanol production is taken to be
the baseline and the 2007 changes in lowa acreage represent
the scenario to be analyzed, then emissions are reduced by
19.6% per liter of gasoline displaced. The difference results
from the fact that 140,000 ha of idle land were brought into
production in 2007.

For both SWA and LCA, the definition of boundaries is
a key factor in determining estimated emissions. Which pro-
cesses to include in the lifecycle of ethanol can make a big
difference in LCA results. There is a general consensus on the
definition of system boundaries for LCA (e.g. Farrell et al.,
2006). As we have demonstrated, SWA results are affected by
the use of baseline emissions and the definition of geographi-
cal boundaries. Whether there are positive GHG benefits and
the size of such benefits from lowa corn ethanol depend on
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the geographical region defined for analysis. This indicates
that clearly identifying system boundaries is as important for
SWA as for LCA.
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