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Ladies and Gentlemen, good afternoon.

I am Gregg Marland, senior staff scientist at the Oak Ridge National
Laboratory. I have been involved in energy analyses and studies of greenhouse
gas emissions since 1975 and would like to offer a few remarks on the
implications that EPA’s proposed rule on renewable oxygenates has for
greenhouse gas emissions.

I was invited by the National Corn Growers Association to join this panel
because an analysis published by Anthony Turhollow and myself suggests that
using ethanol produced from corn as a substitute or supplement for gasoline
from crude oil would produce a net benefit, i.e. reduction, in greenhouse gas
emissions. I would like to make clear in beginning that my only financial
entanglements with the ethanol industry have been lunch on April 17, 1991,
and an airline ticket today. The lunch was excellent, I am not sure whether to
count today as a credit or debit.

To use an old cliche, I feel a bit like I am preaching to the choir. The Hearing
Document for today reports that the proposed program would reduce emissions
of greenhouse gases and that the proposal is consistent with the national effort
to stabilize greenhouse gas emissions, both statements with which I agree. The
Technical Support Document for this hearing demonstrates that the EPA has
a clear and comprehensive appreciation of the critical issues and both of the
appendices to that document have critically reviewed and used the results of
our work.

I would like to stress 3 quick points. These all derive from the fact that the
Technical Support Document is so detailed, so precise, so authoritative that the
reader is inclined to believe the results. We should do so with some caution.
The points I would make are:

e It is very difficult to calculate precisely the greenhouse gas emissions
attributable to ethanol from corn.

o It is likely that using ethanol from corn as a substitute or supplement for
gasoline results in a net reduction in greenhouse gas emissions.

® It is likely that the greenhouse gas advantages of ethanol will increase
with time.
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I was introduced to the question of greenhouse gas emissions attributable to
ethanol by a phone call from the Congressional Research Service during the
summer of 1988. The CRS asked if I agreed that use of ethanol produced no
net emissions of CO, because the growing corn plant removed CO, from the
atmosphere and combustion of the ethanol simply returned the CO, back to
the atmosphere. When [ pointed out that producing ethanol required diesel
tractors, nitrogen fertilizers, and process energy; and that the greenhouse gases
from these sources should rightfully be charged against the use of ethancl, the
CRS asked if I could estimate the magnitude of these emissions. W:: help
and encouragement from Anthony Turhollow we eventually produced a
detailed analysis which suggested that when ethanol was produced from corn
with the best of current practice, the net emissions of CO, were on the order
of 70% of those from an equivalent amount, on an energy basis, of motor
gasoline. On the way to this conclusion we confronted the lack of some of the
data we needed, the problem of how to allocate emissions from the ethanol
production process when it produces multiple products, and a variety of
decisions on how to define system boundaries and incorporate things like
variations in the productivity of corn. We wrote that, "with the variability
observed and the approximations necessary to complete these calculations, the
results should be taken as approximate only". We chose not to try to include
greenhouse gases other than CO, because, "With current understanding of the
emissions and effects of the other gases, their inclusion would only confound
the comparison".

To emphasize the importance of the uncertainties, let me cite briefly from a
another, more recently published study of greenhouse gas emissions related to
the use of ethanol. The author, Mark DeLuchi, is a credible and careful
analyst whose conclusion seems to be that ethanol produced from corn results
in more greenhouse gas emissions than does gasoline. I suggest that by the
time we sort through the assumptions, boundary conditions, and the effort to
treat non-CO, greenhouse gases, the DeLuchi conclusion is not notably
different from ours. The DeLuchi base-case analysis is based on average
current practice, it makes different assumptions about the sources of process
energy, it tries to include all greenhouse gases, etc., etc. DeLuchi’s Main Text
includes the following statements: (on page 132) "The third and most
interesting point from an analytical standpoint is that the details matter a lot.
The overall g/mi or g/lkWh results are determined by hundreds of specific
assumptions”, (on page 118) "There is no simple overall assessment of the
greenhouse effect of ethanol from corn. Although the ethanol "base case"
considered here shows a large increase in the amount of greenhouse gas



emissions when compared with gasoline and diesel baselines, there are many
scenarios in which the increase is much less, and there are even some in which
ethanol from corn actually results in a decrease”, and (on page 120) "The
general message of these corn-to-ethanol scenarios is that one can pick values
for a set of assumptions that will support virtually any conclusion about the
impact of the corn-to-ethanol cycle on global warming". Unfortunately for the
details of his analysis, DeLuchi got caught in a changing understanding of how
to treat the greenhouse gases other than CO,. Following preparation of
DeLuchi’s report, the Intergovernmental Panel on Climate Change altered its
recommendations on how to sum across the different greenhouse gases (i.e.
concept of CO, equivalency) and raised more concerns about the validity of
doing this in a simple way. After writing in his Main Text about (on page 76)
"the importance of accurately estimating emissions of all direct and indirect
greenhouse gasses and using appropriate CO,-equivalency factors" and "...These
(non-CO,) gases constitute a much larger percentage of total emissions from
biomass-based processes, because N,O and NO, are emitted from the fertilizer
used to grow the biomass", DeLuchi issued the report with a cover letter. The
cover letter suggests that we "might even want to ignore statements in this
report about the potentially great importance of NO, emissions" and supplies
a new baseline scenario in which the greenhouse emissions from ethanol based
fuels remain higher, but are much closer, to those from gasoline. The technical
literature on nitrous oxide (N,0) emissions suggests that we need to seriously
consider how these are treated as well, a point recognized by both Del.uchi
and the Technical Support Document.

The point of all of this is that we need to exercise some caution in claiming
that we know precisely the answer to the greenhouse gas implications of
ethanol substitution, or even that we know the right way to bound the
question. I hope this last sentence doesn’t mean that the National Corn
Growers Association is likely to cancel the return portion of my airline ticket
because, in spite of all this, I believe that ethanol produced by the best of
current practice, when added to substituted for gasolind, probably yields a
decrease in net greenhouse gas emissions.

The EPA Technical Support Document, Appendix 2, summarizes, "The results
of this analysis indicate that the use of oxygenated gasolines can increase or
decrease total CO,-equivalent emissions relative to the use of nonoxygenated
gasoline, depending on the type of oxygenate used and the technology used to
produce the oxygenate. In general the use of MTBE or ethanol produced from
corn as the oxygenate result in more emissions of greenhouse gases than the



use of nonoxygenated gasoline." Without having had the opportunity to work
through the details, my suspicion is that by the time we sort out how best to
treat the nitrogen oxides, this analysis would find the greenhouse gas tradeoff
too close to call among the other uncertainties. I certainly concur with the
statement in Appendix 2 of the Technical Support Document that, "If these
renewable fuels are produced with very energy efficient processes, the overall
lifecycle emissions from the use of these fuels can be significantly smaller than
those for fossil fuels". I also believe that the DeLuchi analysis supports this
EPA statement.

Finally, it seems unlikely to me that an expanding ethanol program is going to
build new processing plants that are energetically inferior to the best of those
already operating. The more likely prospect is that continually improving
technology and processes, including processes that allow production of ethanol
from cellulosic feedstocks, will continue to decrease the net greenhouse gas
emissions attributable to ethanol fuels.

I believe the EPA is correct in asserting that adding ethanol to gasoline will
result in a net decrease in greenhouse gas emissions.

Thank You.

Marland, G., and A. F. Turhollow, 1991, CO, emissions from the production
and consumption of fuel ethanol from Corn, Energy 16:1307-1316.

DeLuchi, M. A, 1991, Emissions of greenhouse gases from the use of
transportation fuels and electricity, ANL/ESD/TM-22, Vol.1, Center for
Transportation Research, Argonne National Laboratory.
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