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Ethanol does little for energy, harms
the environment, and reinforces an oli-
gopoly in the US. Summarizing the
work of the many scientists that have

calculated ethanol’s net energy contri-
bution, we find that expanding the use
of ethanol will not significantly reduce
America’s dependence on imported en-

ergy.
Ethanol also is not living up

to its environmental expecta-
tions. Ozone exceedance data,
automotive emissions data,
permeation losses, and the im-
plications of ethanol’s poorer
driveability show that ethanol
increases ozone exceedances
and toxic air emissions. Eth-
anol production facilities emit

pollutants, including carcinogens with
no offsetting decrease in automotive
emissions.

Meanwhile, through production ca-
pacity and marketing agreements, four
companies control 95% of America’s
ethanol supply. One refiner has patents
that cover the blending of ethanol into
gasoline that meets California quality
standards.

These facts indicate that not only
should we not expand the use of
ethanol in gasoline, ethanol should be
banned in ozone nonattainment areas
and perhaps even nationwide.

Net energy contributions
There are many opinions concerning

the net energy contribution of ethanol.
Amanda Lavigne, a graduate student

under the mentorship of Susan Powers
of Clarkson University, compiled most
of the data shown in Fig. 1.1 I have
added a 2001 calculation by Pimetel
and a 2002 estimate by the US Depart-
ment of Agriculture.2

These net energy value calculations
are complex and require many assump-
tions. If we assume all researchers have
given their best effort and are unbiased,
we should average all the opinions.That
average says ethanol gives back only
92% of the energy used to make it.

Due to the many assumptions re-
quired to estimate a life-cycle energy
balance, bias does creep into the analy-
sis. For example, a government em-
ployee whose job depends upon fund-
ing approved by a senator from a corn
state may be biased to the high side. A
scientist who opposes converting food
to fuel may be biased on the low side.
If to offset the potential for bias we
throw out the three highest and the
three lowest assumptions, ethanol only
gives back 98% of the energy con-
sumed in making it.

The fact that subsidies and mandates
are required confirms ethanol’s margin-
al energy contribution and indicates
that the current ethanol production
technology, while improving, remains
economically obsolete and should not
be expanded unless ethanol significant-
ly improves air quality. Unfortunately,
the data show that ethanol degrades air
quality.

In their colloquy on a solution to
problems concerning methyl tertiary
butyl ether, Sens. Jim Jeffords (I-Vt.)
and Robert Smith (R-NH)3 indicated
that the Senate had recognized that
more energy-efficient ethanol produc-
tion was required when that body gave
ethanol made for cellulose 1.5 times
the tax credits of ethanol made from
corn.There are two problems with this
solution: 1) people are continuing to
build inefficient corn ethanol plants,
and 2) can we trust the ethanol indus-
try to contain genetically modified or
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bioengineered bacteria needed to make
ethanol from cellulose? Can we trust an
industry that is emitting 5-430 times
their permitted emissions levels to con-

tain a new creation that has the poten-
tial to literally eat us out of house and
home? Do the benefits justify the risk?

Lower summer clean
gasoline supply 

It is important to mention that
blending ethanol in summer grade fed-
eral reformulated gasoline (RFG) or
California RFG actually reduces the re-
fining industry’s ability to make the
cleaner-burning gasoline and may actu-
ally increase crude oil imports.

The blending vapor pressure of
ethanol prevents refiners from blending
light, clean-burning gasoline compo-
nents known as pentanes. Refiners try
to replace the pentanes by blending
more components, known as alkylates
or iso-octane. But while these proven
components do enable ethanol blend-
ing, their supply is limited.The volume
of pentanes rejected is slightly greater
that the volume of ethanol blended.

This gasoline volume loss when
making Phase 2 RFG was a significant
factor in the gasoline supply shortage
that caused the price spike in the Mid-
west gasoline market in 2000. An
analysis of the alkylate and iso-octane
supply potential shortfall contributed to

Gov. Gray Davis’s decision to delay the
use of more ethanol in California.

If the vapor pressure standard is
waived, as it is in conventional gaso-

line, ethanol does extend gasoline sup-
ply and could reduce dependence on
imported crude. However. that gasoline
would produce even more pollution.

Overstated
environmental benefits

Another justification for expanding
the use of ethanol is that it has been
claimed to improve air quality.

The evidence shows that ethanol’s
atmospheric benefits are overstated.The
models used to predict that adding
ethanol to gasoline improves air quality
are incomplete. When completed, they
show that using ethanol in gasoline
should increase ozone exceedances.

Ozone is formed when volatile or-
ganic compounds (VOCs) and nitrogen
oxides (NOx) react in the presence of
sunlight. Ozone formation is limited by
the reactant (VOC or NOx) that is in
short supply. Increasing that reactant in-
creases ozone. Increasing both assures
more ozone.

When RFG was introduced in 1995,
refiners satisfied the Clean Air Act
Amendments of 1990 (CAAA90) by
using the “Simple Model” (SM).That
means they made the RFG by simply
lowering gasoline’s vapor pressure and

benzene content while adding an oxy-
genate.The benzene change was too
small to significantly impact ozone.The
vapor reduction was supposed to help.
Ethanol and MTBE were the primary
oxygenates chosen.The market allocat-
ed ethanol-based RFG to the Midwest
ozone nonattainment areas and MTBE-
based RFG to the rest of the ozone
nonattainment areas.This regionaliza-
tion lets us compare how well each
oxygenate fights ozone.

To see if RFG worked, ozone ex-
ceedance data were downloaded from
the US Environmental Protection
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“I attended the workshops in
which the US EPA Complex Mod-
el (CM) was created. Some of the
early regression runs of the data
used to create the CM predicted
that NOx emissions would in-
crease as oxygen content in-
creased. But the workshop dis-
cussions about the facts that oxy-
genates were required and that
NOx emissions changes for
ethers were not significant—along
with what in retrospect could be
described as some ‘solid political
science’—were used to justify ad-
justing the regression analysis to
result in a NOx-neutral model.”
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Agency’s database for 1993-96. Ex-
ceedances of the 1-hr and proposed 8-
hr standards were counted on both a
monitor site-day basis and a county-day
basis. A monitor site-day exceedance
was logged each time a monitor ex-
ceeded the ozone standard. A county-
day exceedance was logged each time
at least one monitor in the county ex-
ceeded the standard.To see the change
in exceedances. Only data from moni-
tors that had been on line at least
75% of the time in each of the 4
years was used. The ozone exceedance
data showed that exceedances in-
creased nationwide between the 2
years before RFG’s introduction
(1993-94) and the 2 years after RFG’s
introduction (1995-96).

But when the ozone exceedance data
is sorted by type of gasoline used and
the percentage change calculated and
plotted, as in Fig. 2, the nationwide ex-
periment to see if changing gasoline
properties could reduce ozone ex-
ceedances showed a decrease in areas
that had used MTBE-based RFG but an
increase in ethanol-based RFG areas.

The increase in nationwide ex-
ceedances came mainly from the con-
ventional gasoline areas in which
ozone exceedances increased by 33-
53% and in which the quality of gaso-
line did not change.The conventional
gasoline areas were the control in this
experiment.They reflect weather and
other changes. Deviations from this
control data set indicate success or fail-

ure for the RFG program.
The percentage-change ozone ex-

ceedances in areas that used RFG for-
mulated with ethers ranged from a 4%
increase to a 34% decrease. On average,
this is about 60 percentage points bet-
ter than the control data set and shows
that ether-based RFG reduces ozone.

The fact that ozone exceedances in-
creased 78-119% in ethanol-based RFG
areas was a surprise. Ozone exceedan-
ces in ethanol-based RFG areas per-
formed 60 points worse than the con-
trol experiment.

The timing of the event (switching
to RFG) and the effect (changes in
ozone exceedances) suggests that
ethanol causes ozone exceedances to
increase and MTBE causes ozone ex-
ceedances to decrease. But good engi-
neering problem-solving practice re-
quires that there be a scientific mecha-
nism by which the event can cause the
effect. It would be irresponsible to al-
lege that ethanol causes ozone ex-
ceedances to increase if there were no
mechanisms that could explain the in-
creases.The following mechanisms ex-
plain the increased ozone exceedances.

How ethanol spikes ozone
Ethanol has more NOx emissions

than does MTBE.The Auto/Oil Air
Quality Improvement Research Pro-
gram4 emissions study in the early
1990s showed that the NOx increase
for 10% ethanol blends was a statisti-
cally significant 5%, while the change

in NOx emissions for MTBE and other
ether blends was not statistically signifi-
cant. If the Upper Midwest ozone
nonattainment areas are NOx limited,
that fact alone can explain the increased
ozone exceedances.

I attended the workshops in which
the US EPA Complex Model (CM) was
created. Some of the early regression
runs of the data used to create the CM
predicted that NOx emissions increased
as oxygen content increased. But the
workshop discussions about the facts
that oxygenates were required and that
NOx emissions changes for ethers were
not significant—along with what in
retrospect could be described as some
“solid political science”—were used to
justify adjusting the regression analysis
that resulted in a NOx-neutral model.

When the California Air Resources
Board (CARB) scientists built their
gasoline emissions model, called the
Predictive Model (PM), they did not
seem to apply political science to the
regression analysis. Fig. 3 compares the
calculated NOx emissions from CARB
PM and the federal CM.The CARB
Phase 2 PM predicted that NOx emis-
sions from a 10 vol % (3.5 wt %)
ethanol blend would be about 3%
above those of an 11 vol % (2 wt %)
MTBE blend. But the CARB Phase 3
model indicates the 10 vol % ethanol
blend has 4.7% more NOx emissions
than the typical MTBE-based RFG.This
indicates that CARB’s scientists believe
that the increased NOx emissions from
ethanol-based RFG are real.

Recent data confirm that ethanol
blends emit more NOx than do ether
blends. In a CARB July 12, 2001, work-
shop, automobile industry representa-
tives presented the NOx emissions data
shown in Fig. 4.5

Note that the 5% increase in NOx
emissions between the MTBE and
ethanol blends is close to the 4.7% in-
crease predicted by CARB’s Phase 3
PM. Thus it appears that the NOx emis-
sions for a 10 vol % ethanol blend are
about 5% more than they are for an 11
vol % MTBE blend. Also, if the re-
sponse is proportional to ethanol con-
tent, NOx emissions will increase 9%
relative to MTBE-based gasoline, and
California’s NOx-limited ozone nonat-
tainment areas will suffer a significant
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increase in ozone emissions if ethanol
is used in those areas. Based upon
these data, CARB’s PM, and the
Auto/Oil data, ethanol should not be
used in gasoline in NOx-limited ozone
nonattainment areas.

If the area is not NOx-limited, there
is evidence that ethanol-based RFG has
more exhaust VOC and evaporative VOC
emissions than predicted by either
CARB’s or EPA’s models.

At that same July 12, 2001, CARB
workshop, Harold Haskell & Associates
(working as a consultant for CARB)
presented data that help explain why
ozone exceedances doubled in the
cities using ethanol-based RFG. Fig. 5
contains those data.6

Because it takes about 200 days for
the permeation losses to come to equi-
librium, the emissions test data that
were used to build the EPA and CARB
models do not reflect ethanol perme-
ation through the various seals in auto-
motive fuel systems. But the timing of
the switch to ethanol-based RFG would
cause more evaporative VOC emissions
during the ozone seasons
and provide a mechanism
that links ethanol to the in-
creased ozone exceedances.

Another mechanism that
helps to explain ozone in-
creasing in areas that used
ethanol-based RFG are the
auto industry’s data showing
that poor driveability in-
creases exhaust emissions. In

their World Fuel Charter,7 the Alliance
of Automobile Manufacturers state that
gasoline containing 10 vol % ethanol
has a driveability index that is 70
points higher or worse than that of
gasoline containing only hydrocarbons
or ethers. The combination of these fac-
tors indicates that ethanol blends have
19% more exhaust emissions than pure
hydrocarbon or hydrocarbon-ether
blends with the same distillation prop-
erties, as illustrated in Fig. 6.This is a
big factor, because exhaust emissions
are three times as likely to form ozone
as evaporative emissions.

To see if the increased NOx and VOC
emissions from gasoline containing
ethanol could explain the doubling of
ozone exceedances, I amended EPA’s
Phase 2 CM. NOx emissions were ad-
justed based upon the data in Fig. 4.
The gasohol permeation data in Fig. 5
were used to adjust Hot Soak and Diur-
nal VOC emissions. Exhaust VOC and air
toxics emissions were adjusted to re-
flect the change in exhaust hydrocar-
bon emissions relative to driveability

index in Fig. 6. EPA’s model and the
amended EPA model were used to cal-
culate the emissions from gasoline
meeting the prevailing SM standards for
RFG.

The properties of the SM gasoline
were the same as those of baseline
gasoline, except:

• The Reid vapor pressure was low-
ered to 8.0 psi.

• The benzene content was lowered
to 0.7 vol % (0.9 vol % met the ben-
zene standard and the toxics standard
for MTBE blends, but 0.7 vol % was re-
quired for the ethanol blends to meet
the toxics reduction standard.

• The oxygen content was either 2.1
wt % from MTBE or 3.5 wt % from
ethanol.

When these properties were put into
both the basic CM and the more com-
plete model, the calculated change in
emissions relative to baseline gasoline
were as shown in Table 1. Like the
ozone exceedances that decreased,
emissions decreased for the MTBE-
based gasoline. But using ethanol in SM
RFG causes NOx,VOC, and air toxics
emissions to increase.

The greater NOx emissions, evapora-
tive VOC emissions, and exhaust VOC
emissions relative to baseline gasoline
explain the increased ozone exceedan-
ces in areas that used ethanol-based
RFG when the RFG program began.

Ethanol industry claims
Lately, the ethanol industry has been

publicizing the fact that ozone ex-
ceedances in the ethanol-based RFG ar-
eas have recently declined.

But the timetable indicates that
ethanol increased ozone and that intro-
ducing CM gasoline and reducing sul-
fur to about 100 ppm from over 400
ppm8 is responsible for the recent re-
duction in ozone. When applying prob-

lem-solving techniques prop-
erly, the timetable of changes
vs. observations has two
functions: It identifies possi-
ble causes, and it eliminates
causes that cannot have
caused the observed effect.

When ethanol-based RFG
was introduced in the Mid-
west, the main change in
gasoline quality was the ad-
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A2O’s more complete
EPA phase 2 EPA phase 2

— Complex Model — — Complex Model —
MTBE Ethanol MTBE Ethanol
——————––——— % change ——–——–—————

VOC –9.7 –10.0 –9.7 33.6
NOx –0.4 –0.6 –0.4 4.4
Toxics –20.1 –17.0 –20.1 6.9
CO –5.6 –9.0 –5.6 –9.0

CHANGE IN EMISSIONS, SIMPLE MODEL RFG
VS. BASELINE GASOLINE

Table 1



dition of ethanol. Exceedances doubled.
Midwest RFG ethanol content has re-
mained essentially constant since 1995.
Therefore, ethanol could not have
caused the recent reduction in ozone
exceedances.The switch to the Phase 1
CM in 1998 and the Phase 2 CM in
2000 forced refiners to lower the sulfur
content of gasoline.

The reduction in sulfur content
more than offsets the increased NOx
emissions caused by eth- anol. The auto
industry, for promoting sulfur reduc-
tion, and the refining industry, for actu-
ally reducing sulfur content, deserve
the credit for offsetting ethanol’s de-
fects and lowering ozone.

The decreased emissions calculated
for MTBE-based RFG explain the de-
creased ozone exceedances in ether-
based RFG areas. Permeation losses are
declining but not disappearing. Ethan-
ol’s driveability problem is real, accord-
ing to the Alliance of Automobile Man-
ufacturers. Old and new data show that
ethanol-based gasoline emits more
NOx.Timing and these mechanisms
show that ethanol caused the ozone ex-
ceedances to double; the question re-
mains as to what ethanol addition will
do to Phase 2 RFG or Phase 3 Califor-
nia RFG (CaRFG3).

To answer that question, the prop-
erties of CaRFG3 were processed in
the more complete model. While
ethanol addition does reduce carbon
monoxide (CO) emissions, its NOx,
VOC, and toxics emissions increase
relative to a nonoxygenated CaRFG3
and a CaRFG3 containing MTBE. Using
ethanol is more likely to increase
ozone exceedances and cancer risk.
Using MTBE implied less ozone and
cancer risk than the nonoxygenated
CaRFG3. The differences in emissions
between the oxygenated and nonoxy-
genated CaRFG3 blends are shown in
Table 2.

These data indicate America should
be reducing, not increasing,
the use of ethanol in motor
gasoline.

California’s switch from
MTBE to ethanol is another
experiment in atmospheric
science. If California ozone
exceedances increase in 2003
and 2004, the nation is go-

ing to either have to live with poorer
air quality or figure out how to phase
out the use of ethanol. With 55% of
California’s gasoline committed to
switch to ethanol this year, it is prudent
to wait until we see if that atmospheric
chemistry experiment strips ethanol of
its elegant green robes before Congress
mandates the use of more ethanol.

Ethanol plant emissions
In April, EPA began a crackdown on

ethanol production facilities that are
emitting 5-430 times more VOCs, in-
cluding carcinogens, than their permits
allow.

Based upon a May 3 article by Philip
Brasher of the Associated Press,9 the
federal government said, “Factories that
convert corn into the gasoline additive
ethanol are releasing carbon monoxide,
ethanol, and some carcinogens at levels
‘many times greater’ than they prom-
ised. In an Apr. 24 letter to the indus-
try’s trade group, the Environmental
Protection Agency said the problem is
common to ‘most, if not all, ethanol fa-
cilities….

“VOCs being released by the ethanol

plants include formaldehyde and acetic
acid, both carcinogens. Methanol, al-
though not known to cause cancer, also
is classified as a hazardous pollutant…
Recent tests have found VOC emissions
ranging from 120 tons a year, for some
of the smallest plants, up to 1,000 tons
annually.

“When the plants were built, many
reported VOC emissions well below
100 tons a year, allowing them to by-
pass a lengthy and stringent EPA per-
mitting process. Plants with emissions
above 100 tons annually are classified
as ‘major sources’ of pollution under
the Clean Air Act and are more heavily
regulated.’”

Given the difference in paperwork
and cost for the 100 ton/year cutoff,
EPA and perhaps even Congress should
investigate these early estimates of
emissions levels from these plants.

In a June 3 meeting dubbed Ethanol
Production Air Permitting, Compliance,
and Resolution Framework,10 EPA Re-
gion 5 showed data from 4 ethanol
production facilities in which the emis-
sions were 5-430 times the permitted
limits.

There are 61 ethanol
plants, primarily in the Mid-
west, and another 14 under
construction that could mul-
tiply this pollution. If ethanol
were reducing ozone, one
could argue that this increase
in emissions was justified.
But, using ethanol in motor
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VOC NOx Toxics CO
———–——— % change ———–———

11 vol % MTBE –0.4 –0.2 –4.4 –4.2
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gasoline increases automotive emis-
sions of NOx, air toxics,VOCs, and
ozone. Also, the ethanol plant emissions
can still cause ozone exceedances and
increased exposure to carcinogens
downwind.Therefore, we must treat
ethanol plants as chemical plants.

Plants that exceed their permits
should be shut down and modified to
come into compliance immediately.
New plants should be assumed to be
major sources subject to the same stan-
dards as other chemical plants until
they are proven otherwise.

The pollution from the ethanol pro-
duction facilities does not include the
increased use of diesel fuel, fertilizers,
and pesticides to increase corn produc-
tion or the runoff that pollutes US wa-
ter supply and creates additional un-
quantified, but probably adverse, health
effects.

Antitrust questions
In their Feb. 27 briefing for Sen. Di-

anne Feinstein (D-Calif.),11 the US Gen-
eral Accounting Office (GAO) stated
that the ethanol industry was highly
concentrated.

Its Herfindahl-Hirshman Index
(HHI), used to calculate business con-
centration, was 1,866. Anything above
1,800 is considered highly concentrat-
ed. High concentration limits competi-
tion. GAO based this HHI on produc-
tion capacity data that showed that the
largest firm had 41% market share,

while the top four firms had 58% mar-
ket share.

If marketing agreements are includ-
ed, the problem is worse. While attend-
ing the spring National Petrochemical
& Refiners Association meeting, Fred
Potter, president of Information Re-
sources Inc., told me that one company,
through its production capacity and
marketing agreements, controls over
half of the ethanol supply and four
companies control 95% of the supply.
GAO should ask to see Potter’s data and
recalculate the ethanol industry HHI. I
suspect the actual HHI will be totally
unacceptable. One of these companies
is trying to buy more ethanol capacity.
The Federal Trade Commission should
block that acquisition and investigate to
see if marketing agreements are a form
of de facto market control before Con-
gress reinforces the ethanol oligopoly’s
power to price-gouge.

There is also the potential for exces-
sive market control from the refining
side in California. One refiner holds US
patents (6,290,734 and 6,328,772)
covering the use of ethanol in gasoline
that meets California’s stringent stan-
dards. So far, that refiner has chosen
not to pursue or enforce the patents.
But will it continue that generosity af-
ter ethanol is widely used in Califor-
nia?

Conclusions
The average ethanol life cycle energy

balance indicates more energy is need-

ed to make ethanol than ethanol gives
back.

Even the latest ethanol production
technology has at best a small energy
contribution.

Ethanol’s use in SM RFG increases
NOx,VOC, and air toxics emissions rel-
ative to baseline gasoline.

Its use in RFG caused ozone ex-
ceedances to double between 1993-94
and 1995-96.

Its use has not changed since 1995
and, therefore, ethanol cannot have
caused the recent ozone reductions in
the Midwest. Reducing sulfur content
probably did.

America should wait to see if Cali-
fornia’s switch to ethanol confirms or
denies that ethanol increases ozone be-
fore we mandate more ethanol use.

According to EPA, most if not all
ethanol producers are out of compli-
ance with their emissions permits.

Ninety-five percent of ethanol sup-
ply is controlled by four companies.

One refiner holds patents on
ethanol’s use in gasoline meeting Cali-
fornia standards.

If we do not want to wait for the
outcome of the California experiment,
the use of ethanol in motor gasoline
should be banned, not expanded. ✦
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