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CHAPTER 1

- ‘ OVERVIEW

health benefits in the Northeast states by reducing exhaust and evaporative

emissions of smog precursors and toxic or “hazardous” air pollutant (HAP)
emissions from motor vehicles. Within the eight-state NESCAUM region, only the New
York City and Hartford, Connecticut metropolitan areas are required to sell RFG.
However, a substantial number of other areas have voluntarily opted into the program
through January 1, 2004; consequently, as much as three-quarters of the gasoline sold in
the Northeast market is RFG. Participation in the federal RFG program has been an
important component of state strategies for reducing violations of the federal ozone
standard in the region and will be needed in continuing efforts to control smog. Motor
vehicles and fuels are also the primary source of public health risks associated with
exposure to toxic air pollutants. Participation in the RFG program is a proven strategy
for reducing emissions of these pollutants.

T he federal reformulated gasoline (RFG) program provides important public

The federal Clean Air Act (CAA) requires that RFG contain a minimum of 2 percent
oxygen by weight. Methyl tertiary-butyl ether (MtBE) has been the primary oxygenate
used by refiners supplying gasoline to the Northeast to meet this requirement because it
is relatively inexpensive, has clean-burning characteristics and provides a good source of
octane. However, MtBE poses a threat to water resources because of its high mobility in
groundwater and its resistance to biodegradation. Since the introduction of RFG in 1995,
MtBE has been detected in an increasing number of private and public water supplies.
Due to taste and odor characteristics that affect the drinkability of MtBE-contaminated
water even at low MtBE concentrations, as well as concern about possible acute and
chronic health effects, a broad consensus has emerged that the use of M{BE in gasoline
should be curtailed.

State and federal policymakers and affected industries are looking for ways to maintain
the air quality benefits of the RFG program while reducing or eliminating the threat that
MtBE poses to water resources.! Unless Congress eliminates the CAA’s current
oxygenate requirement for RFG * or the U.S. Environmental Protection Agency (USEPA)
grants waivers to individual states, RFG must continue to contain 2 percent by weight
oxygen. Since several states in the Northeast have banned M{BE and most others
support a reduction in M¢BE use, an alternative oxygenate must be used in RFG. At
present, it appears that the only viable oxygenate alternative to MtBE is ethanol; other
alternatives (such as EtBE) either have the same undesirable physical and chemical
properties as MtBE or cannot be produced on the scale necessary to satisfy near-term
demand. Ethanol has been used as a gasoline additive in parts of the country, especially
the Midwest, for some time. While its use in the Northeast has been minimal to date,
some companies already sell ethanol-blended gasoline in New England.

To better understand the implications of reducing M¢BE use, Northeast state
Environmental Commissioners have asked the New England Interstate Water Pollution
Control Commission (NEIWPCC) and the Northeast States for Coordinated Air Use
Management (NESCAUM) to evaluate the health, environmental and economic impacts
associated with a large-scale increase in the region’s use of ethanol. It should be
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emphasized that this report is intended to respond to that request, not to provide the
rationale for past policy decisions taken by the Northeast states. As such, this analysis
takes as a given that (1) MtBE will be phased out or substantially reduced in the region’s
future gasoline supplies and (2) ethanol will play an increased role as a substitute for
MtBE. It should be noted that NESCAUM has not performed any new research but has
rather confined its analysis to a presentation of existing information. In this context, the
technical white paper focuses on air quality-related health impacts and economic impacts
associated with changes in fuel formulation and infrastructure needs. It also covers the
potential for developing biomass ethanol production capacity (based on feedstocks other
than corn) in the Northeast. The companion NEIWPCC report (Volume 3) covers water
quality impacts and related public health and environmental issues associated with
increased ethanol use. Findings from both documents were used to generate a shorter
summary report with recommendations for the northeastern states (Volume 1).

Together with the summary report, this technical white paper is the most recent
installment in a series of studies by NESCAUM regarding the RFG program and various
fuel constituents. If the policy landscape changes as a result of Congressional or state
actions that would significantly alter gasoline reformulations and potentially diminish the
role of ethanol in favor of other fuel constituents, further work will be needed to properly
inform the region’s policymakers on the potential consequences of such actions.

This white paper is organized into three broad sections comprising Chapters II, III, and IV
respectively. The first, Chapter II, discusses the impact of curtailing or banning the use of
MtBE in terms of fuel formulations, demand for different fuel constituents, and fuel and
emissions characteristics. Chapter III then addresses the air-quality related health risks
associated with increased exposure to ethanol, as well as the health impacts associated
with toxic and criteria pollutant emissions from ethanol-blended gasoline. Chapter IV
turns to the potential economic and regulatory impacts of a large-scale shift to ethanol to
meet the oxygenate requirements of the RFG program in the Northeast, including the need
for new or modified transport, storage and distribution infrastructure. Because the
development of indigenous ethanol production capacity, using biomass feedstocks other
than corn, could substantially affect the economics, as well as the environmental impacts
of ethanol use in the Northeast, this topic is covered separately in Chapter V.

OVERVIEW ENDNOTES

! Note that, in the near term, opting out of the federal RFG program is not an option for most
areas that have voluntarily opted into the program. To give refiners investment certainty with
regard to future demand for RFG, states that did not opt out of the RFG program by the end of
1997 are required by USEPA to stay with the program until at least January 1, 2004. Among
NESCAUM states, only Maine opted out by the end of 1997.

2 Legislative proposals to remove or modify the current oxygenate mandate were debated in the
last Congress, but have so far been unsuccessful.
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'° The voluntary RFG areas in the NESCAUM region include the entire states of Connecticut,
Massachusetts, New Jersey and Rhode Island, and portions of New Hampshire and New York.
Certain portions of Maine had voluntarily opted into the RFG program, but have since
withdrawn their participation.

7 See 62 FR 54552 (October 20, 1997).

18 Until December 31, 1997, compliance with the Phase I federal RFG requirements was
demonstrated using the “Simple Model,” a spreadsheet tool that calculates the comparative
emissions characteristics of different gasoline formulations based on a number of input
parameters, thereby avoiding the expense of actual vehicle testing. Since 1998, the more
sophisticated “Complex Model” has been used in compliance determinations. The Complex
Model actually consists of two models, each of which has a number of submodels to account
for geographic area and season. Distinct versions of the Complex Model are used to
demonstrate compliance with Phase I and Phase II RFG requirements. The most important
differences between these two versions are: (a) each relies on a different version of the
MOBILE emission model for the derviation of a 1990 emission baseline, (b) light-duty trucks
are not accounted for in the Phase I model, and (c) each incorporates different assumptions
about high emitters and inspection and maintenance programs. In addition, the Complex Model
not only quantifies the effects of oxygen, benzene, aromatics and RVP on emissions, but also
estimates the effect of olefin and sulfur content as well as evaporative characteristics at high
temperatures (200° and 300° F). Both models can be downloaded from the US EPA website:
www.epa.gov/otaq/rfg.htm#models.

19 Excerpted from the U.S. Environmental Protection Agency website:
Www.epa.gov/otaq/rfgmap.jpg. January 20, 2001.

20 Importantly, the Complex Model does not predict either individual vehicle emissions or fleet
emissions.

?! Based on Complex Model compliance determinations. See Footnote 20.
*% National Blue Ribbon Panel on Oxygenates in Gasoline. Final Report. August 1999.

3 Data are derived from, EIA Petroleum Marketing Annual, 2000. Table 48 Prime Supplier Sales
Volumes of Motor Gasoline by Grade, Formulation, PAD District and State.

www.eia.doe.gov/pub/oil_gas/petroleum/data_publications/petroleum_marketing_annual/
current/pdf/pmtab48.pdf

4 0dor and taste thresholds for ether-based oxygenates range from 20 to 40 parts per billion
(ppb) for MTBE, to about 50 ppb for ETBE and about 200 ppb for TAME (Interagency
Assessment of Oxygenated Fuels, National Science and Technology Council, Committee on
Environment and Natural Resources, June 1997 (2-24).

%5 Most methanol is produced from natural gas, though it could also be produced from other
fossil fuels and woody biomass feedstocks. Methanol is relatively inexpensive—in fact, MTBE
is produced from methanol—but it is toxic and highly reactive (i.e., corrosive) at higher
concentrations.

26 Current production capacity for TBA would be inadequate to supply even the Northeast market
alone.

2" For this reason, the emphasis of this report is on the specific health and economic impacts of
ethanol. As noted in the introduction, if other alternatives to MTBE emerge as likely substitutes
due to a change in the policy landscape or other factors, further analysis would be necessary to
evaluate those alternatives.

%8 Please see discussion in Chapter 3 in companion NEIWPCC report (Volume 3).

2 Gasoline sold in any area that requires neither oxygenated gasoline nor reformulated gasoline is
termed “conventional gasoline.” Conventional gasoline (CG) is subject to less stringent
requirements, though it too must meet summertime RVP limits and will be regulated for sulfur
content beginning in 2004. The quality of CG is protected, to an extent, by the “anti-dumping”
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provisions of the RFG program. These stipulate that the average per gallon emissions of
specified pollutants from CG must not deteriorate relative to emissions from a refiner’s
individual 1990 baseline gasoline. The anti-dumping requirements apply to all conventional
gasoline producers and importers whether or not they produce or import reformulated gasoline.
Because the baseline is 1990, however, existing anti-dumping provisions do not protect against
the loss of any emissions improvements achieved by CG over the last decade.

30 At 10 percent ethanol by volume, oxygenate content is 3.5 percent by weight.

31 RVP waivers are granted only in conventional gasoline areas and usually allow a 1 psi increase
in RVP. Ten percent ethanol blends are eligible for another kind of waiver that allows them to
be marketed by retailers as gasoline (rather than as “gasohol”). This labeling waiver defines
gasohol as substantially similar to certification gasoline (see 43 FR 24131, June 2, 1978).

32 The Federal excise tax exemption for ethanol is currently $0.53 per gallon and is scheduled to
drop to $0.52 on January 1, 2003, $0.51 on January 1, 2005 and expire on December 31, 2006.

33 The volume gap is based on subtracting 5.7 percent (the volume of ethanol required to meet
the oxygen mandate) from 11 percent (the volume of MTBE generally present in today’s RFG).
The exact octane gap that would result from this substitution varies depending on the specific
formulation of the overall blend; hence 1.5 is an approximation. (Note that if ethanol replaces
MTBE at 10 percent by volume, there would be no need to compensate for a net octane loss.)

34 Alkylates are produced in a refinery’s alkylation unit; they contain no olefins, have high octane
ratings (ranging from 94 to 100), and produce relatively low emissions of hazardous air
pollutants. Alkylates include branched alkanes and cycloalkanes, mostly with six to nine
carbons, such as iso-octane (2,2,4-trimethylpentane) and methylcyclopentane. Alkylate
production at East Coast and Gulf Coast refineries is currently close to capacity. Hence, it
would take a number of years for refineries to build or modify facilities to produce enough
alkylates to replace the volume and octane lost if MTBE is phased out of gasoline.

3% The AQIRP was initiated in 1989 by 14 oil companies and 3 domestic, US, automakers. The
process culminated in a final report published in January 1997. In total, over 5000 emission
tests were conducted in over 100 vehicles using over 90 fuel compositions.

3 In the cases where ethanol is examined as a gasoline oxygenate, it was blended at a broad
range of volumes, from 5% to 15% of the volume of fuel tested, adding yet another level of
variability in the tests.

37 Knapp, K.T., Stump, F.D., Tejada, S.B. (1998) The Effect of Ethanol Fuel on the Emissions of
Vehicles over a Wide Range of Temperatures. Journal of the Air and Waste Management
Association, Vol. 48, July.

38 Knepper, J., Koehl, W.J., Benson, J.D., Burns, V.R. Gorse, R.A., Hochhauser, A.M., Leppard,
W.R., Rapp, L.A., Reutor, R.M. (1993) Fuel Effects in Auto/Oil High Emitting Vehicles. SAE
Document No. 930137, March.

39 US Environmental Protection Agency (2001) Technical Support Document Analysis of
California’s Request for Waiver of the Reformulated Gasoline Oxygen Content Requirement for
California Covered Areas. EPA-420-R-01-016, pg. 22, June.

40 Lindhjem, Christian E. EPA Memorandum to Richard Rykowski Effects of Oxygenates on
Emissions, January 7, 1992. [R0319]

4l National Science and Technology Council. Committee on Environment and Natural Resources,
Interagency Assessment of Oxygenated Fuels. June 1997. [R2482]
www.epa.gov/oms/regs/fuels/ostpfin.pdf.

2 Reuter, R.M., Benson, J.D., Burns, V.R., Gorse, R.A., Hochhauser, A.M., Koehl, W.J., Painter,
L.J., Rippon, B.H., Rutherford, J.A. (1992) Effects of Oxygenated Fuels and RVP on Automotive
Emissions - Auto/Oil Air Quality Improvement Program. Auto Air Quality Improvement
Research Program, SAE 920326, SAE International, Warrendale, PA.
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* National Science and Technology Council. Committee on Environment and Natural Resources,
Interagency Assessment of Oxygenated Fuels. June 1997. [R2482]
www.epa.gov/oms/regs/fuels/ostpfin.pdf.

4 Newkirk, M.S. (1997) Emissions Characterization of Baseline Gasoline and Gasoline/Oxygenate
Blends Under Tier 1 of the CAA 211(B) Fuels and Fuel Additives Registration Regulations.
American Petroleum Institute, May.

45 Knapp, K.T., Stump, F.D., Tejada, S.B. (1998) The Effect of Ethanol Fuel on the Emissions of
Vehicles over a Wide Range of Temperatures. Journal of the Air and Waste Management
Association, Vol. 48, July.

46 Newkirk, M.S. (1997) Emissions Characterization of Baseline Gasoline and Gasoline/Oxygenate
Blends Under Tier 1 of the CAA 211(B) Fuels and Fuel Additives Registration Regulations.
American Petroleum Institute, Washington, DC.

4 Stump, F.D., Knapp, K.T., Ray, W.D. 1996. “Influence of Ethanol-Blended Fuels on the
Emissions from Three Pre-1985 Light-Duty Passenger Vehicles,” Journal of the Air and Waste
Management Association, Vol. 46, December.

8 Newkirk, M.S. (1997) Emissions Characterization of Baseline Gasoline and Gasoline/Oxygenate
Blends Under Tier 1 of the CAA 211(B) Fuels and Fuel Additives Registration Regulations.
American Petroleum Institute, Washington, DC.

¥ Stump, F.D., Knapp, K.T., Ray, W.D. (1990) Seasonal Impact of Blending Oxygenated Organics
with Gasoline on Motor Vehicle Tailpipe and Evaporative Emissions. Journal of the Air and
Waste Management Association, Vol. 40, No. 6, June.

50 Newkirk, M.S. (1997) Emissions Characterization of Baseline Gasoline and Gasoline/Oxygenate
Blends Under Tier 1 of the CAA 211(B) Fuels and Fuel Additives Registration Regulations.
American Petroleum Institute, Washington, DC.

St Knapp, K.T., Stump, F.D., Tejada, S.B. (1998) The Effect of Ethanol Fuel on the Emissions of
Vehicles over a Wide Range of Temperatures. Journal of the Air and Waste Management
Association, Vol. 48, July.

52 Newkirk, M.S. (1997) Emissions Characterization of Baseline Gasoline and Gasoline/Oxygenate
Blends Under Tier 1 of the CAA 211(B) Fuels and Fuel Additives Registration Regulations.
American Petroleum Institute, Washington, DC.

>3 Knapp, K.T., Stump, F.D., Tejada, S.B. (1998) The Effect of Ethanol Fuel on the Emissions of
Vehicles over a Wide Range of Temperatures. Journal of the Air and Waste Management
Association, Vol. 48, July.

54 Stump, F.D., Knapp, K.T., Ray, W.D. (1990) Seasonal Impact of Blending Oxygenated Organics
with Gasoline on Motor Vehicle Tailpipe and Evaporative Emissions. Journal of the Air and
Waste Management Association, Vol. 40, No. 6, June.

55 Importantly, refiners’ need to formulate a low-RVP base gasoline to make up for the volatility
effects of adding ethanol may create a further volume gap by forcing the removal of lighter
hydrocarbons (such as pentanes and butanes) from ethanol blends. The RVP impacts of
substituting MTBE with ethanol are discussed in greater detail in the next section.

36 See discussion accompanying Table II-2.

57 Furey, R.L. (1985) Volatility Characteristics of Gasoline-Alcohol and Gasoline-Ether Fuel Blends.
SAE Technical Paper Series No. 852116, Warrendale, PA.

58 Note that the RVP response of a particular blendstock of gasoline to the addition of different
oxygenates is highly dependent on the constituents that make up that blend of gasoline.

% The cost and feasibility of achieving compliance with summertime RVP limits using ethanol-
blended RFG constitute a separate concern, which is addressed in Chapter IV of this report.

60 Aulich, T., Richter, J. (1999) Addition of Non-ethanol Gasoline to E10—Effect on Volatility.
University of North Dakota Energy & Environmental Research Center, July. This analysis used
gasolines with relatively high RVPs (9.85 and 9.9) compared with Northeast typical
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CHAPTER II: REFORMULATING RFG WITHOUT M{BE

summertime RVPs of 7.7 to 7.9, which were expected to decrease to about 6.5 to 6.7 psi in
order to achieve Phase II VOC requirements in 2000.

°! Note that commingling is an issue for California, primarily, if the state is granted a waiver from
the current oxygenate requirement. If not, under California’s MTBE ban, ethanol will be
effectively required in some 80 percent of the California market (since most of the state is
required to provide RFG). See California Environmental Protection Agency Air Resources Board,
Air Quality Impacts of the Use of Ethanol in California Reformulated Gasoline: Final Report to
the California Environmental Policy Council, December 1999, p. 2.

2 Note that this would likely increase refiners’ costs. For this reason, past USDOE modeling
analyses have assumed that refiners would split their RFG and CG pools into ethanol and non-
ethanol blends to minimize expenses. See NESCAUM (1999) An Assessment of Options for
Reducing MTBE in Reformulated Gasoline, Appendix A.

63 Newkirk, M.S. (1997) Emissions Characterization of Baseline Gasoline and Gasoline/Oxygenate
Blends Under Tier 1 of the CAA 211(B) Fuels and Fuel Additives Registration Regulations.
American Petroleum Institute, Washington, DC.

%4 Full penetration is defined as the time when 90% of the fleet contains the relevant control
technology (in this case, on-board vapor recovery).

65 “Concerning Evaporative Emission Effects (Permeation) Created by Ethanol in Gasoline” Harold
Haskew and Associates, May 31, 2001.

6 SHED (Sealed Housing for Evaporative Determination) tests refer to a type of emissions test in
which measurements are taken of the total evaporative emissions given off as a hot engine is
allowed to cool in a sealed chamber.

%7 California Air Resources Board (1999) Health and Environmental Assessment of the Use of
Ethanol as a Fuel Oxygenate. Vol. 3, UCRL-AR-135949 Vol. 3, p. 19.

% Derived from data generated by the study referenced in footnote 64.

“1n simple terms, an azeotrope is a mixture of two or more chemicals that physically behaves as
one. Once the constituents are mixed, the mixture acts as a completely new substance with
new physical characteristics, such as boiling temperature and vapor pressure. Thus, the
constituents of an azeotrope, as a mixture, cannot be separated by simple distillation.

7 Ethanol actually forms a ternary azeotrope with benzene and water. The boiling point of this
azeotrope is 64.9°C (or 148.8°F). By comparison, the boiling point of neat benzene is 80°C
(176°F), the boiling point of neat ethanol is 78.5°C (173°F) and the boiling point of neat water
is 100°C (212°F). Ethanol also forms a binary azeotrope with water, which prevents the
manufacture of 100% pure ethanol from a simple distillation process. In the past, a benzene
extraction process was used to dehydrate the ethanol-benzene azeotrope, however molecular
sieve techniques to purify ethanol have replaced this method.

I Morrison and Boyd (1983) Organic Chemistry, 4th Edition, Allyn and Bacon, Inc., p. 464.
Newton, MA.

72 Available studies suggest that the addition of ethanol can significantly increase hot soak
benzene emissions (one study using an E10 blend showed a forty five percent increase in
evaporative benzene emissions relative to non-ethanol blended gasoline).

73 Reuter, R.M., Benson, J.D., Burns, V.R., Gorse, R.A., Hochhauser, A.M., Koehl, W.J., Painter,
L.J., Rippon, B.H., Rutherford, J.A. (1992) Effects of Oxygenated Fuels and RVP on Automotive
Emissions - Auto/Oil Air Quality Improvement Program. Auto Air Quality Improvement
Research Program, SAE 920326, SAE International, Warrendale, PA.

" Newkirk, M.S. (1997) Emissions Characterization of Baseline Gasoline and Gasoline/Oxygenate
Blends Under Tier 1 of the CAA 211(B) Fuels and Fuel Additives Registration Regulations.
American Petroleum Institute, Washington, DC.

7 Stump, F.D., Knapp, K.T., Ray, W.D. (1990) Seasonal Impact of Blending Oxygenated Organics
with Gasoline on Motor Vehicle Tailpipe and Evaporative Emissions. Journal of the Air and
Waste Management Association, Vol. 40, No. 6, June.
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7® Note that this very rough estimate does not include transport from the Midwest to the
NESCAUM region, which may also be of concern with respect to the long-range transport of
NOx and particulate matter. The estimate for barge miles assumes that all 15.9 million barrels
of ethanol enter the Northeast at Philadelphia (currently the case for much of the ethanol used
by Getty, a gasoline retailer that is already using ethanol in Northeast markets). It further
assumes that 30% of the region’s total ethanol demand is transported 100 miles by barge from
Philadelphia to ports in the New York City area, another 40% is transported 300 miles by barge
to the Boston area, and another 30% serves New Jersey and does not need to be transported
by barge beyond Philadelphia. Assuming 100,000 barrels are transported in each barge trip (see
discussion in Chapter IV), the estimate for total barge travel is calculated as follows:
[(15,900,000 bbl x 0.3 x 100 miles) + (15,900,000 bbl x 0.4 x 300 miles)]/[100,000 bbls] =
23,934 miles.

Given the uncertainties in this estimate, the figure is rounded down to 23,900 miles. To
generate a rough estimate of travel by tanker truck we assume that, on average, each barrel of
ethanol will need to be transported an additional 25 miles to a distribution terminal. Obviously,
actual transport distances will be much greater in some cases and less in others. Using a tanker
truck capacity of 200 barrels (see Chapter 1V), the calculation is: 15,900,000 bbls x 25 miles x
1/200 bbls = 1.99 million miles. Round this up to 2.0 million miles.

" The calculation is as follows:
[9000 hp x 0.7457 kw/hp x 0.3 (load factor) x (23,900 mi/12 mph) x 12 g/kwh x 0.035 oz/g x1
Ib/16 oz x 1 ton/2000 Ib] = 52 tons. For HC, we simply take the result for NOx and multiply
by the ratio of the two emissions factors (0.5/12).

78 The calculation for NOXx is: 2,000,000 mi x 12.1 g/mi x 0.035 oz/g x 1 1b/16 oz x 1 ton/2000 1b

= 26 tons. The calculation for HC is 2,000,000 mi x 4 g/mi x 0.035 oz/g x 1 1g/16 0z x 1
ton/2000 Ib = 8.7 tons.
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