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Executive Summary

The South Coast Air Quality Management District &&IMD) convened a technical
forum and roundtable discussion on the issuesingethanol as an oxygenate in
California phase 3 reformulated gasoline (CaRF@&3perts from state and local
agencies, interested stakeholders, and induséapesenting oil, auto, and ethanol were
invited to a one day meeting on June 15, 2006ea5(BAQMD in Diamond Barr,
California. Presentations by experts were giveloied by a roundtable discussion.

Presentations focused on low level ethanol blend$9%5%0 10% volume mixtures with
gasoline blendstock, and neat uses of ethanatxibile fuel vehicles (FFVs). CaRFG3
contains 5.7% ethanol combined with a gasolineddtack that meets California
requirements for reformulated gasoline. E85 ot e&&anol is a mixture of 15%
gasoline and 85% ethanol also meeting Californecifigations. The issues associated
with low level blends and E85 were the focus ofihee 15 meeting.

Low Level Ethanol Blends

Ethanol as a gasoline blend component has beerbydéeé refining industry since the
oil crisis of the 1970’s. Use in California’s refoulated gasoline, however, did not
occur until the additive methyl tertiary butyl et{®TBE) was banned by California’s
Governor starting in 2004. The refining industegponded by backing out MTBE and
phasing in ethanol starting in 2003. Substanéiséarch was performed in the early
1990’s by the auto and oil industries to deternfiae to reformulate gasoline to
reduced criteria and ozone forming pollutants al agetoxic emissions. Adding blend
components containing oxygenate was found to beflmgal in reducing hydrocarbons
(and toxics), oxides of nitrogen (NDand carbon monoxide from the existing fleet of
vehicle technologies. Most of this work was pearfed using MTBE and little research
was performed on the effects of different oxygesate

Recent emissions testing on early and late modethes have shown that emission
performance of these vehicles depends on wheth&Bvar ethanol is used.

Permeation emissions for ethanol are consideraghehthan for MTBE-containing
gasoline. Exhaust emissions of N&be also different but only slightly in comparigon
permeation, while CO emissions are lower. Thef@alia Air Resources Board (ARB)
is using these data to update the predictive modefiners use the predictive model to
produce Phase 3 compliant gasolines, so chandgke model may affect their

flexibility and economics. ARB on the other hasdequired by state law to not
implement control measures that increase emissibliosv these issues are resolved was
a major part of the discussion.

All presenters acknowledge the increased emississsciated with permeation.
SCAQMD suggested that commingling—ethanol contgmgasoline mixed with
MTBE containing gasoline—and permeation could Hasen one of the causes for
increased ozone levels in the South Coast Air Bas2903. Preliminargstimates of



the evaporative impact of ethanol vs. MTBE duedoneation in 2005 are 26 tpd in the
South Coast Air Basin and 78 tpd statewlid€his increase in hydrocarbon emissions is
significant and ARB is looking for ways to mitigatARB will be evaluating both fuels
and non-fuel options, although the oil and autastdes questioned ARB’s authority to
implement non-fuel strategies. One fuel stratesgy ieliminate ethanol use during the
smog seasons in California—effectively eliminatusg during the hotter summer
months. Such a strategy would be difficult forlbtite refining and ethanol industries
to implement. Such a strategy could negativelyaatfpuel supply and distribution in
the state, limit refining flexibility and createhanol supply and distribution problems,
although the scope of such impacts is uncertaihagrabsence of a detailed study of this
issue. Another strategy is to offset the higher emissiasiag other control measures
like vehicle scrappage. Nevertheless, ARB wilhtedifying the predictive model to
include permeation emissions and to ensure ovemalision benefits of reformulated
gasoline. Changes in the predictive model willdhtvbalance benefits with the
producibility of reformulated gasoline in Califoeni

The predictive model also needs updating on bollaest and evaporative emissions.
Recent testing on more modern vehicles has proadddional data on the
performance of ULEV and SULEV technologies to vasiseformulations of gasoline
volatility and ethanol content. The results ofsiaéests showed that there are benefits
of reformulated gasoline with ethanol but thattésponse of these very low emission
technologies was very complicated. For exampldrdgarbon (HC) emissions increase
with higher ethanol blends for the higher T90 tlegibn temperatures but decreased or
stayed the same at the lowest T90 tested. Sinelgrcomplicated responses were also
seen for CO and NQ This is in contrast to previous testing whicmemlly showed

HC and CO reductions and slight Nidcreases with ethanol content.

ARB and industry are currently working to devel@wnemissions inventory estimates
and Predictive Model correlations using both the aed old data sets. ARB stressed
and industry also emphasized that it is very imgodrto allow adequate time to address
stakeholder concerns in order to get the sciemte an the predictive model update and
on estimates of emission inventories. Californafsquality and the use of
reformulated gasoline using ethanol depend onubeess of these efforts by ARB and
industry.

Table 1 summarizes the issues and findings ofadherf and roundtable for low level
ethanol blends.

! ARB'’s current estimate of on-road permeation siuiss increase statewide in 2015 is 14 tpd. See
“Mobile Source Emissions Inventory Workshop—On-Rdéator Vehicles, EMFAC2007 Working
Draft”, September 11, 2007 http://www.arb.ca.gowitvgorkshop20060911/onrddkp_6.pdf



Table 1.

Issues and Findings for Low Level Ethanol

Gasoline

Blends in Reformulated

Low Level Blend
Issues

Findings

Permeation

AN

ANENENRN

Significant in near term and in out years: estimated on and off-road
HC increase in SCAB: 26 tpd (2005) and 14 tpd (2020)

Permeation emissions double for each 10°C

No known retrofit technology

ARB will incorporate in Predictive Model

Mitigation of on and off-road emissions may require more than fuel
strategies

Predictive Model
Accuracy /
Robustness

AN

Current data set is heavily skewed with old vehicle and fuels data
New data on ULEV and SULEV show complicated interaction between
gasoline volatility and ethanol

Update should make sure science is right—model can have big effect
on emissions as well as economic viability of reformulated gasoline
10% ethanol blends show an increase in NOx emissions

Mitigation
strategies

ARB required by state law to ensure control measures do not increase
emissions—e.g. the permeation emissions impact of the transition
from Phase 2 to Phase 3 California gasoline must be mitigated.

ARB will evaluate both fuel and non-fuel strategies to mitigate emission
increases

Predictive model could provide fuel strategy if resulting reformulated
gasoline is economic

Summertime zero ethanol policy is fuel strategy but would not be
favored by refining or ethanol industries

It's not clear that fuel offset requirements alone will be sufficient.

CO / HC tradeoffs

Ethanol industry suggests that HC increases are fully offset by CO
reductions if CO reactivity is adjusted as proposed by the ethanol
industry.

ARB is updating its analysis and the predictive model but do not expect
for CO reactivity to completely offset permeation increases

Commingling

Commingling of ethanol in non-ethanol blends recognized as resulting
in higher RVP and potentially higher evaporative emissions and could
have been partially responsible for SCAB’s high ozone in 2003

Certification test
fuel

Current gasoline certification based on MTBE (Phase 2) hence reason
for permeation surprise

Auto manufacturers view any change in certification as major

PZEV certification requirements are currently a barrier to E-85 FFV
certification, although efforts are underway by manufacturers to
address this issue.

Greenhouse Gas
Benefits

Corn-based ethanol offers 23% GHG benefits
Cellulosic feedstocks offer 75-80% GHG benefits




E85

Fuel ethanol (E-85) use in vehicles has also besgarched in California since the
1980s. Auto manufactures have developed FFV<Hratise gasoline, E85, or any
mixture of gasoline and E85. FFVs are designexttmmmodate this entire range of
fuels and comply with the applicable exhaust arapevative requirements. Limited
data suggest that like gasoline FFVs may also hereased permeation emissions.
Material changes to fuel system materials may clanably reduce permeation
emissions, although reaching zero permeation resyvasignificant challenge.

In the recent CRC E-65-3 study one FFV was testeédshowed roughly ¥z the
permeation emissions when operated on E85compaited, twhile E10 was
approximately twice that found with EO. So pertiaemissions can still be an issue
with FFVs especially if these vehicles are operatedtbw level blendsThere is also a
lack of exhaust and evaporative emission datarghasiry is developing programs to
test more FFVs over various mixtures. There has ligle in-use testing of FFVs.

The biggest issue with E85 is lack of fueling isfracture. State agencies would like to
see E85 become commercial since its use is prdjéatprovide reduction in
greenhouse gas emissions and its use will reducelgaem consumption. However, it
was not clear to the participants what the businase was for an infrastructure to
develop and what the value proposition is for thiestimer. Ethanol is currently priced
as a blending component wittng term contracts accounting for 90%+ of wholesal
transactions. Although spot prices in 2006 aoeiiad $4 per gallon, it is anticipated
that these increases may decline over the nextdi2hs as supply increases, according
to sources in the fuel industry. In order toger® an attractive consumer value, E85
would have to be priced on an energy basis (ali2f4t Gt gasoline).

General Motors is currently the only auto makerther 2006 model year that is
certifying and selling FFVs in California. OtheE®Is may reenter the California
market but lack of vehicles meeting the CaliforRiZEV standard could become a
barrier to E85 use in the state.

ARB and CEC, as well as SCAQMD, stressed that ntigern to ethanol production
provides only a smaller (23%) improvement in cliemaehange emissions and that
ultimately cellulosic ethanol is needed for ethaums# to be a major strategy in reducing
greenhouse gas emissions. California has aggesgeals to use more biofuels and
alternative fuels in transportation. The Goverawd legislature have both developed
policies to encourage the use of alternative feeth as E85.

Table 2 summarizes the issues and findings ofdherf and roundtable around E85.



Table 2. Issues and Findings for E85 Transportatio  n Fuels

E85 (Fuel Ethanol)

Findings

= EB85 Infrastructure

ASANENENEN

<S

Only 1 retail station in California

Consumer value proposition for using E85

Business case to install infrastructure

Cost of infrastructure and transition throughout state

Early joint ventures between oil companies and ethanol producers to establish
fueling stations underway

Need enhanced vapor recovery systems for ethanol

Since a majority of FFV’s on the road will have On-board Vapor Recovery, the
need for Stage Il vapor recovery is being assessed

= Prices

E85 is a harder business case than low level blends under current commercial
market economics
Incentives likely to be needed in short and medium term

= Supply Availability

Q

Current U.S. ethanol production stands at 4 billion gallons

Industry expects to exceed the 2012 RFS goal of 7.5 billion gallons within the
next 2 years; unconfirmed estimates may be in the range of 15-20 billion
gallons, although further assessment of this issue is needed.

Uncertainty exists on the upper limit above which food, soil and water
resources severely affected by diversion of corn to ethanol

= Availability of FFVs

GM is the only 2006 manufacturer in California
Will OEMs produced advanced FFVs meeting PZEV standards

= Emission Benefits
of FFVs

Essentially no in-use testing data for FFVs

Catalyst durability for consistent aldehyde control needs in-use confirmation
MIR reactivity studies somewhat outdated

Need for testing of latest model FFVs

One permeation test point expected under CRC project E-65-3

= FFV use of
commingled fuel

AN NN NN

AN

Current FFV designs are certified to comply with exhaust and evaporative
requirements on E-85 and E-10.

In the early transition years (e.g., through 2020) however, the lack of
widespread E85 station availability will likely result in some commingling of
gasoline and E85 reducing the maximum benefit of E85

The role of older FFVs may remain an issue during this transition period, as
new technology vehicles which meet near-zero and PZEV standards are
phased into the fleet.

=  Permeation
emissions

<

Permeation emissions are expected to decline to very low Ie\Z/eIs as vehicles
with newer evaporative controls come to dominate the fleet.

= Climate Change
Emissions

ANENENEN

Larger potential GHG emission benefits than low level blends
Corn-ethanol pathway provide 23% GHG benefits

Cellulosic ethanol pathway provide 75-80% GHG benefits
California pursuing biofuels production and use

2 Data on one FFV shows an increase in permeativsseons when tested on E10, compared to EO.

The latest CRC report (E-65-3) shows that E85 patime was half that of EO. It is likely, therefore
that FFVs will show an increase in permeation Watli level ethanol fuels compared to EO or MTBE
fuels.



1. Introduction

On June 15, 2006 the South Coast Air Quality Mameege District (SCAQMD)
convened a technical and policy forum on the usstldnol as a transportation fuel.
The objective of the meeting was to identify kepest perspectives on the energy and
emission implications of the use of ethanol in otdadentify appropriate oxygenated
policy in the context of the upcoming revisiongtie Air Quality Management Plan
(AQMP) for the South Coast Air Basin.

SCAQMD Board and staff are concerned with possbhssions increases associated
with emerging fuels including the use of ethancha®xygenate in California
reformulated gasoline. The South Coast Air Basiclassified by the U.S.
Environmental Protection Agency (EPA) as an extrem@-attainment area for ozone
and is also in non-attainment for M As such, SCAQMD will need to substantially
reduce hydrocarbon (HC), oxides of nitrogen (N@nd direct and secondary emissions
of fine particulate manner (P in order to achieve ambient air quality standards

Ethanol is currently blended in with “Californiafoemulated gasoline blendstock for
oxygenate blending” or “CARBOB.” The CARBOB fornatilons currently produced at
refineries servicing the California light-duty veld marketplace are designed to be
blended with ethanol to give a blend compositionitg5.7% ethanol and meeting the
Air Resources Board’s (ARB'’s) specifications foraBh 3 Reformulated Gasoline.
California’s RFG3 (CaRFG3) establishes gasolinat timit” properties such as
benzene, sulfur, aromatic hydrocarbon, olefin, axgben content in order to reduce the
emissions impact of on-road, light-duty vehiclé&finers can meet the regulations by
producing gasoline that meets flat or averagingt$iror by using ARB’s Predictive
Model provided cap limits are not exceeded.

The Predictive Model provides refiners flexibility meeting CaRFG3 by not having to
meet the flat or averaging limits, but gives eglémdemission performance to gasoline
meeting the flat or averaging limits. The PreaetModel is a complex set of
relationships defining the emissions performancevémious vehicle technologies
existing in the California fleet. A refiner inputse properties of its candidate gasoline
into the Predictive Model and the model calcul@bespredicted emissions from this
candidate fuel. If the predicted percent changamissions between the candidate fuel
and a fuel that meets the CaFRB3 specificatiorfsr@rce fuel) are less than 0.04% for
each pollutant regulated (NGbzone forming potential or exhaust hydrocarbans,
potency-weighted toxics), then the candidate feiebinsidered equivalent to the
reference fuel.

There are a number of environmental issues assdandth ethanol use as a
transportation fuel. These are of concern to SCAXd other regulators such as
ARB, so these were specifically explored in thshtd@cal forum-roundtable meeting:

* Increased permeation emissions (as defined as ¢audirans) from vehicle fuel
systems when ethanol is used compared to MTBE oxggenate



¢ Impact of ethanol use on air quality in the SCAHR affects on meeting ambient air
guality standards

* Whether ARB’s update of the Predictive Model willly capture the increased on
and off road permeation emissions and, if not, laolthe increased emissions be
mitigated

* Significance of lower carbon monoxide emission®pone formation and
potentially offsetting higher HC emissions from mpeation

* Benefits of corn-based ethanol on global warmingssions

SCAQMD pulled together a number of experts to askltbese issues. Table 3 shows
the agenda for the June™&eeting and the invited roundtable members. THeada
was divided into three segments: context and fngrof issues, formal forum
presentations, and roundtable discussion. Théddaikh Energy Commission and
SCAQMD provided presentations on the context aachiing of issues. A spectrum of
presenters then provided views on the use of etlzan@ transportation fuel. Views
represented the auto, oil, and ethanol industei@sssion researchers, and ARB and
SCAQMD. TIAX LLC was responsible for documentingitten and oral content from
the roundtable, moderating the roundtable discassind writing a report summarizing
the findings of the meeting.

The roundtable discussion was meant to provideodtiye invited participants or the
audience the opportunity to ask questions of arth@presenters. Presenters were
provided several questions in advance of the mgétiat could be used to promote

discussion among invited presenters. These qussaie shown below for low level
blends and ES85 fuel:

Low-Level Blends

1) What options exist to fully mitigate the 42 tons pgay of extra VOC emissions in
the South Coast Air Basin resulting from the pertio@semissions associated with
low level blends?

2) What would be the gasoline supply impact of elirtingathe use of ethanol during
summer months?

3) What research priorities do you see relative tollewvel ethanol blends and for E85?
a) For example, what commingling scenarios need bettaracterization?

b) What are the prospects for demonstration and cortiaeration of optimized
FFV’s with plug-in hybrid capacity, such as the B&a3 plug-in hybrid E100
prototype?

Assuming the Predictive Model does not fully offdet permeation emissions

associated with E-5.7 use due to permeation, whaality Management Plan

strategies should be considered to address thi®paf the “black box” of needed
emission reductions to attain federal and statquality standards for both ozone and
fine particulate?



Table 3. Ethanol Forum and Technical Roundtable Ag

enda

South Coast Air Quality Management District Headquarters — Room GB

9:00a.m. [l Welcome Barry Wallerstein, SCAQMD
9:05 Il. Self-Introductions
lll. | Context and Framing of Issues:

910 Ethanol Outlook: Governor.’s Executive Order on Biofuels Peter Ward o

(06-06) & AB 1007 Alternative Fuels Plan California Energy Commission
9:20 Eltgsnol Issues in the Context of the Air Quality Management Joe Cassmassi, SCAQMD
9:30 BREAK (20 MINUTES)

. Formal Fprum Presentatipns

(10-15 minute presentations & Q&A)
9:50 1) |[Status of Predictive Model update & ARB Perspective Bob Fletcher, ARB
10:10 2) | Summary of E-67 Study EOETC%L:;?HU. C. Riverside
10:30 3) | Permeation test results Harold Haskew, HH & Assoc.
10:50 4) [Latest CRC Study Plans re: ethanol (E-0 to E-85) Mike Ingham, Chevron
11:10 BREAK (20 MINUTES)
11:30 5) |Ethanol in the South Coast Air Basin Gary Whitten, Smog Reyes
11:50 6) |Ethanol: A Viable Transportation Fuel for California '(I?rzgsggrrgi(i:cl)(n Fuels Consulting
12:10 p.m. | 7) |Ethanol Use in the Future: Important Considerations \?\/ig;eGrLeétates Petroleum Association

12:30-1:30  [Lunch
1:30 8) |Auto Industry perspective Ellen Shapiro, Auto Alliance
1:50 9) [Oxygenate Issues and Options Paul Wuebben, SCAQMD
2:10 Roundtable Discussion  (previous 11 speakers)
Moderator: Mike Jackson, TIAX

4.00 Public Comment

Summary / Next Steps Mike Jackson, TIAX




Fuel Ethanol (E85)

1) What can be done to expedite the development amdfusnhanced Vapor
Recovery systems for E85?

2) What policies should be encouraged regarding teeotiflexible Fuel Vehicles
during the early stages of E85 station deployment?

Interest and investments in ethanol use have isetesubstantially over the last year as
oil prices have reached beyond $70 per barrelariethwas previously introduced by
the oil industries as a response to the oil cisthe 1970’s. Recently President Bush
called for increased use of ethanol as petrolewplatement strategy. Governor
Schwarzenegger has set biofuels production andass. California is using today
about one billion gallons of ethanol in CaRFG3.e Téderal government developed a
renewable fuel standard requiring 7.5 billion galaused by 2012. As shown by the
inserted chart there is considerable growth inregthproduction. But ethanol’s
production even with the Federal RFS is small imparison to U.S. or California
gasoline production. The ethanol industry expextaeet and exceed the Federal RFS
for ethanol.

Background

= President Bush’s State of Union
= E-85, FFV's & cellulosic ethanol
= Governor's Executive Order 06-06
= Biofuels production and use targets
= Federal Renewable Fuel Standard
= California ethanol industry economic

development

= Need to address greenhouse gases 1 2005 Consumption
= Oil resource depletion = need for alt e

fuels Billions of Gallons
= AQ concerns about permeation /
commingling 5 U.S. | California
Gasoline 140 16
Ethanol 4 * 1

* 2.86% exceeds RFS “collective liability” for 2006 of 2.78%
6

Historical Context

= Oil industry has used ethanol for at least 30 years

= EtOH replaced MTBE-currently >95% gasoline in CA

contains 5.7% by volume

Nearly a Billion gallons currently used in CA-96%

from out-of-state sources, 25% of national use,

competing demand from other states

Federal RFS requires significant increase in use

already: 4.0B gal renewables this year, 7.5B gal by

2012

Declining need for EtOH winter programs for CO

control due to vehicle turnover/tech improvements
12




U.S. Fuel Ethanol Production is Forecast

‘ to Exceed RFS by a Substantial Amount

12,000

10,000 T

8,000 = |

6,000 m mEl

4,000 — [ L

Million Gallons per Year

Source: Renewable Fuels Association B Actual B RFS O Forecast 8

This report is meant to capture the views of th@ous experts in attendance at this
meeting. We have attempted to summarize the ngeitrough meeting notes that
outline each presentation, questions and answalestive use of graphics presented at
the meeting, and subsequently by synthesizing tjempoints and conclusions that we
thought were reached during the meeting.

This report is organized as follows. Section 2 suamzes the issues and discussions
surrounding low level ethanol blends. Section Bimes the issues and discussions
around E85 and vehicle technologies to use thisdnitevel blend of ethanol. Section 4
deals with petroleum displacement and climate caamgissions for ethanol. Section 5
provides some concluding remarks on the use ohetles a transportation fuel in
California.

Presentations are on the SCAQMD web siltep://www.agmd.gov To navigate the
SCAQMD web site use the search feature and searctethnical forum.” Click on
the technical forum result. This will provide agarand presentations from several
forums held at the district. Choose the June @86Z thanol forum or use the link
below:

http://www.agmd.gov/tao/ConferencesWorkshops/O6aidh/V S/Ethanol _
Forum_Agenda.htm

10



2. Low Level Ethanol Blends

Ethanol is currently blended at gasoline termimath a gasoline blend stock produced
by oil refineries. The gasoline blend stock or BB needs to meet California
standards for Phase 3 reformulated gasoline (CalRFGARBOB can be shipped in
pipelines to various terminals, whereas ethanol@al@FG3 are shipped to and from the
terminals by rail and tanker trucks. Because ethiara polar molecule, ethanol and
blended ethanol gasoline fuels will pick up wated avill lead to problems in the
pipeline distribution system. Phase 3 RFG wagditced in 2002 and 2003 as the
oxygenate MTBE was phase out of California duertmgd water contamination.

ARB has a predictive model to provide refiners wWigxibility in meeting RFG
standards. The combination of RFG and subsequogarbvements in catalyst emissions
control technologies has resulted in today’s lidghty vehicles having significantly

lower HC, CO, NQ, and toxic emissions. RFG lowers the emissiorexting

vehicles in the California fleet and has enableditiiroduction of modern emissions
control systems that result in extremely low enssgerformance technologies like
super ultra-low emission vehicles (SULEVS) or @rtiero emission vehicles (PZEVs).

However, several issues have been discovered i tRat uses ethanol to meet the
oxygenate requirement. By far the biggest contewith increased evaporative
emissions (hydrocarbons and toxics) associatedpeitineation from fuel system
components like fuel tanks and fuel hoses. Ethbabhves very different from MTBE
when mixed with gasoline and results in much higlegmeation emissions.

ARB is currently evaluating how to update the Pede Model to possibly account for
these increased permeation emissions, or to finthanapproach to mitigate the
increase in emissions. They are also updatingibdel based on newer test data
provided by auto manufacturers and other orgamzatike the Coordinating Research
Council (a joint auto oil organization). CRC hasently published data on the behavior
of ethanol blended gasoline and is proposing futvork to add to this data set.

Substantial improvement in air quality (levels acbimum ozone and number of days
exceeding the national ambient air quality standardzone) have been achieved in the
South Coast Air Basin. This has been accomplishitdsubstantial control of
stationary sources and continued improvement incleetechnologies. SCAQMD is
currently developing a plan to meet national amtaénquality standards (NAAQS) for
ozone and Pl Increased emissions due to CaRFG3 will requdditimnal reductions
in the basin to achieve attainment.

This section outlines the presentations, discussiod agreements that were reached by
the participants in this meeting.

11



2.1 Air Quality Impacts

There were two presentations that addressed imphethanol blends on ambient air
quality. Joe Cassmassi (SCAQMD) presented onsthees of ethanol use in the context
of the current AQMP. His presentation focusedhmngossible higher ozone levels that
are occurring due to ethanol use in RFG. GaryaNi{fEmog Reyes) argued in his
presentation that ozone is unchanged since COaBsasaesulting from ethanol RFG
use in the California fleet offset HC increase®asded with permeation emissions.
This section addresses the issues raised by thegarésenters and subsequent
discussion by other participants.

Figure 1 taken from Cassmassi presentation shosvsistory of ozone—both days
exceeding the 1-hour standard and concentratiortkreiisouth Coast Air Basin. The
time frame shown is from 1999 to 2005. Until 19@@tinuing progress was made in
lowering days exceeding and ozone concentratioomA999 to 2001 levels and days
exceeding remained fairly flat. Then in 2002 af02there was an increase in both
exceedence days and ozone concentration. Trer&f)#hand 2005 were again lower
than in 2002 and 2003 mostly due to metrologicaddtons.

Days ppb
80 250
70 | O
60 + ./o/‘\’/ \/0 1200
28 :7 Federal Standard 120 ppb T 150
30 | + 100
20 + 1 5
10 +

0 1 1 1 1 1 1 0
1999 2000 2001 2002 2003 2004 2005
= Days Exceeding Standard —e— Maximum 1-Hour Average

Figure 1. Ozone History in the South Coast Air Bas in

The SCAMQD investigated the possible reasons f®ibtimp up in ozone in 2002-03.
They concentrated on 2003. Observations they mwade: 2003 was the highest ozone
concentration since the mid 1990s; 2003 was anptiocelly warm-stagnant year;
commingling of ethanol and MTBE RFG increased evaipee emissions; and
permeation emissions added to the evaporative EmsssSensitivity analyses

12



performed by SCAQMD modelers indicated that cominiiggand permeation

emissions could contribute approximately 10 to @b pzone in 2003. Cassmassi noted
that this is a significant impact in the basin #rttiese levels of emissions continue it
will be very difficult for SCAQMD to achieve NAAQ®r ozone.

Issues that that could still be a problem for tRAMD are:

* |If retailers are allowed to sell RFG with or with@thanol then commingling
emissions could again be a larger contributor todrtssions in the basin

¢ Even nominal increases in permeation emissions fremtechnology vehicles
could result in not being able to meet standara@stduhe relative low carrying
capacity associated with the 8-hr standard

Gary Witten presented an argument that CO redusigsociated with ethanol content
should offset ozone formation associated with patioa emissions. He also discussed
issues in ARB’s current predictive model. Theduling provides some highlights:

e Statistical handling of “tech 4” vehicles did nabpide the best correlation of NO
with ethanol content and ARB is currently evalugtaiternative correlation

techniques

* CO emissions effects on ozone are currently unterated by the predictive model
due to low estimates of CO reductions and higlo rattiCO/HC reactivity

If true the first factor would allow higher blends
of ethanol—up to 10%. The second factor wou
suggest that permeation emissions will not affe
ozone as much as one might expect based on |

emissions alone.

Ethanol Impact on Ozone Formation

= Different blends of ethanol have been suggested
for future Basin distribution E6, E10, E85

= Chemistry Question:
= Implications are that increased ozone
production from enhanced evaporative VOC emissions
are partially offset due to reduced CO emissions for
E6 — E10

= Meteorological Interference:
= Episode days are typically much hotter than average
and evaporative emissions may increase faster and in

greater totals s

effect

permeation

Impact on AQMP Control Strategies

= Federal oxygenate mandate is no longer in

= neighboring gas stations may have different blends —
some with ethanol and some without

= potential return of co-mingling, and enhanced

= Need to evaluate the impact of potential ethanol
market penetration scenarios

= Nominal increases in VOC in future years may
lead to ozone exceedances

<

<

Issues for this Forum

Need for near-term permeation emissions relief

Long term summer oxygenate policy options

Summertime commingling of E-0 with E-5.7 blends

Role of E-85 and FFV’s

= Status of Enhanced Vapor Recovery

Biofuels Executive Order implementation

Vehicle certification with Phase 3 gasoline

= Rather than with 11% MTBE (i.e., phase 2
gasoline)

AQMP revisions to attain / maintain NAAQS
Renewable / sustainable transportation fuels
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Witten argues that the current Predictive Modelsdo@t correctly account for CO
adjustments (or offsets) for CO mass emissions@réactivity. This is an issue in the
modeling. In fact as California transitioned fréthase 2 gasoline of 2 wt% oxygen
using MTBE to a Phase 3 gasoline of 2 wt% oxygengusthanol, CO emissions likely
did not change whereas permeation emissions irenleagstantially. There is no CO
mass emission "offset” unless the percentage aheths changed. However, the PM
is being adjusted to reflect the latest data onr€@tivity and how the CO emissions
are accounted for over the entire blend rangehafretl content.

ARB confirmed that through the predictive modelqass they are evaluating
alternative statistical methods for correlating é¢fieanol blend data and that they are
also looking at the CO offset but do not believeytlvill conclude that CO emissions
will completely offset the impact of permeation esions on ozone.

2.2 Permeation Emissions

Harold Haskew of Harold Haskew and Associates vestkevaporative testing
performed for the CRC (Project E-65) that showdaktantial increases in permeation
emissions from a representative California fleebgl@ of older and newer vehicles.
This CRC sponsored study investigated evaporatiiestons from 10 vehicles and for
three different fuels: RFG with MTBE, RFG with atiol, and RFG with no oxygenate.
Mechanisms of evaporative emissions include: |lgakgk venting, and permeation.
Emissions from leaks and tank venting are minimizedew vehicle designs. There
are also vehicle operational modes that includeasdiée diurnals, hot soak, running
losses, and refueling emissions. These modesmwegiacluded in the CRC E-65
project, but are affected by increased permeatiissons.

Program Overview

*

= Ten Vehicle Fuel Systems

= Three Fuels
« A. CAPhase 2 (11.4V% MTBE)

= B. CAPhase 3 (5.7V% EtOH)

. C. CAPhase 2 w/No Oxygenate :.’ E-65 California Fleet Selection
Rig # Model Year Vehicle Model

= Circulate fuel twice weekly — Fuel change

1 2001 Toyota Tacoma
every 7 weeks 2 2000 Honda Odyssey

3 1999 Toyota Corolla

4 1997 Dodge Caravan

5 1995 Ford Ranger

6 1993 Chevrolet Caprice

7 1991 Honda Accord

8 1989 Ford Taurus

9 1985 Nissan Sentra

10 1978 Oldsmobile Cutlass
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Several major conclusions resulted from the E-G8yst

1. Permeation emissions are significant for ethandbRBmpared to MBTE or no
oxygenated fuel. Rates as high as three timeg thioSIBTE or no oxygenate were
found for ethanol RFG.

2. Permeation emission rates take several weekslitizta

3. Permeation rate doubles for eacfinhcrease.

4. Non-ethanol composition of the emissions was hidreethanol blends than for
MTBE or no oxygenate.

5. New vehicles have much lower permeation emissioas blder vehicles.

Figure 2 shows the results of the testing fromG@REC E-65 project. These data show
the increase in permeation emissions of ethanopeoed to MTBE or gasoline without
an oxygenate.

Non-Ethanol Increase in Ethanol Fuel
Diurnal Testing - Average of Two Days

14
Fuel A [JmTBE

12 Non-Ethanol
Fuel B

Ethanol

107 Fuel C |:|Gasoline No Oxygenate

Diurnal Emissions - g/day

1980
1981
1982
1983
1984
1985
1986
1987
1988
1992
1993
1994 ]
1995
1996

(=2} o
e} (=2}
- -

1978
1979
1991
1997
1998
1999
2000
2001

Model Year

Figure 2. Permeation Emissions from CRC E-65 Proje  ct

An estimate of the amount of emissions associatddpermeation emissions in the
South Coast as well as California is shown in thbl& 4. These estimates were
provided by ARB in a November 3, 2005 draft analyjsEstimates included on-road as
well as off-road applications. Off-road estimatese made assuming similar

3 ARB current estimates (June 30, 2006) for SCAG2&répd and for State 77 tpd in 2005.
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permeation emissions performance as with on-roatthes. Also shown are the
differences between a moderate temperature dag@simmer day. Total permeation
emission increases of 24.9 tons per day (tpd)emtoderate day and 42 tpd for the hot
summer day are significant compared to, for exapg@#&oleum marketing emissions of
21.3 tpd or petroleum refining at 6.1 tpd (seeriteskgraphics next page)

Table 4. Estimate of Emissions Associated with Perm eation Emissions

in the South Coast and California

Moderate Summer Day Hot Summer Day
83 °F 97 °F
SCAB Statewide SCAB Statewide
On-road 17.5 49.2 29.5 82.9
Off-road 7.4 20.8 12.5 35.1
Total 24.9 70.0 42.0 118.0

The representatives of the auto, oil, and etharhistries all acknowledged that low
level ethanol blends increase permeation emissiériseey question raised to Haskew
related to the appropriateness of extrapolatingémeple of 10 vehicles to 20 million
plus light-duty vehicles in California. Obviousiyore testing is needed, but compared
to no data, the CRC E-65 study was a great imprememAdditional testing is planned
to investigate actual evaporative emission mechanisom in-use vehicles (CRC
Project E-77) and to obtain more data on permeatissions with newer vehicles and
different fuel blends (CRC E-65.3).

Haskew found that permeation emissions for newey ware lower than for older cars.
The highest permeation emissions where found ory@3Wehicle that used a plastic
fuel tank. Haskew speculated that California’stdbi24-hour diurnal evaporative
testing probably was one reason the newer carerpegtl better since auto
manufacturers had to change materials to meetghtet evaporative. ARB
commented that although the
newer cars are lower in
permeation emissions these .
emissions may be small (but * w5
potentially significant) in the

out years and will still need td

be mitigated either through

2003 ROG Inventory, SCAB

15 21 20.2]

Tons per Day

changes in the Predictive .

Model or other non-fuel 3&& {\f ‘f& f& f“" &

strategies. \f" {o\.*“’ & goo" & &ef
qeﬁf‘o & o N &f
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2.3 ARB'’s Predictive Model

ARB'’s Predictive Model is important in that it pides flexibility to refiners to meet the
current CaRFG3 standards. The current model iatait out dated and needs to be
updated with more recent vehicle emissions datzbh Betcher of ARB provided an
overview of ARB'’s current goals on the predictivedel update. ARB’s goals are to:

« Update the model with the latest data
« Mitigate the emission increases associated withrethblends
« Enable continued use of ethanol at levels neededrtply with the 2005 Energy Act
« Explore opportunities for increased ethanol use
« Explore wide range of mitigation strategies

- Greater use outside of smog season

- Use non-fuel measures to mitigate effects

The Predictive Model provides estimates of hydrocar oxides of nitrogen, and
potency-weighted toxics as a function of fuel cosifpon / properties. Hydrocarbon
emissions include evaporative, exhaust, and ragetweighted adjustments. They are
including new fuel property and/or emission resgsi®r permeation emissions (which
were previously not included), oxides of nitrogand vehicle test programs. They are
also updating speciation profiles and reactivitstdas as well as incorporating new
emission inventory data through updates to EMFA@lwis currently being updated

for the SIP.

ARB has an aggressive schedule in place to upbatperedictive model as shown

below:

 Statistical evaluation
- Mitigation strategies
 Initiate Peer Review
- Staff Report

« Board Hearing

July 2006

June 2006

August 2006

October 2006 (was September origipall

ETOH Impact

= 6-10% ETOH increases some
emissions; decreases others

= Evap increases; exhaust HC
decreases

= NOx generally increases

= CO generally decreases

December 2006 (was October origihally

Model Considerations

= Include new fuel property/emissions
responses
= Increased permeation due to ETOH
= Oxides of nitrogen — ETOH
= Vehicle test programs

= Update speciation profiles/reactivity
Factors

. éncorporate new emissions inventory
ata

Permeation Emissions
= 6% ETOH causes 65% increase in
permeation through hoses/fuel tanks
= Emissions significant

= Effect present in new and older
vehicles; relative magnitude less in
new vehicles

= Documentation available in June

31
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Although this is an ambitious schedule, ARB undards the importance of getting the
results as accurate as possible and will delaptbeess if necessary. This point was
also stressed by the oil, auto, and ethanol staétersopresent at the meeting.

ARB'’s expectations for low level blends include tbBowing. The refining and
distribution system is in place to manage etham#finers will likely continue to use
ethanol to ensure supplies. The challenge is tammze flexibility to use ethanol while
preserving air quality benefits of clean fuels.tiis light, RFG blends of 10% ethanol
may be more difficult to mitigate than those of%.@&thanol currently used in CaRFGS3.

State law requires that control measures designestiuce targeted emissions do not
increase other emissions and therefore reducerpadt of the control measure. In the
case of RFG regulations, the objective of

these regulations was to reformulate gasoli Options for Mitigating Permeation HC
. . Increases

to enable lower emissions of HC, N@nd

CO as well as toxics Compared to = Lower RVP for summertime gasoline?

Adjust other gasoline parameters (T-50?)
Accelerate E-85 deployment & use
Catalyst replacement on old vehicles?
Tighter I/M limits?

Accelerated LEV 2 / LEV 3?

Older vehicle early retirement?

Mitigation fees?

Summertime prohibition on ethanol use?

conventional gasoline. Increasing permeat
emissions associated with ethanol RFG fail
the state requirement and therefore by law
ARB is required to mitigate these emissions
The most straightforward strategy may be t
incorporate the increase in permeation
emissions in the Predictive Model. Other? “
Compliant E5.7 would then meet the
CaRFG3 standards and would not have an incred3€,iiNG,, CO or toxic emissions.
However, this may not be technically or economyctdhbsible and ARB will have to
look for other non-fuel strategies to mitigate thereased emissions associated with
ethanol RFG permeation.

There was some question from WSPA and the Alliaricduto Manufactures on ARB’s
authority to implement non-fuel strategies. ARBidwaes they have this authority and
assured the participants that they would work \&ftbcted industries and would also
make sure any strategies are within their legdiaty.

As discussed above, ARB plans to update the Preglistodel with newer data. This
will include not only the new permeation emissidasa but also data on the exhaust
emissions performance of low level ethanol blenblse next section discusses these
data.
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2.4 CRC Low Level Blend Results

CRC contracted with the University of CaliforniavRiside to perform a comprehensive
fuel-vehicle emission assessment of low level ethblends (CRC Project E-67). Full
details of the testing scope and test results@anaged in Tom Durbin’s presentation
located on the SCAQMD websiteThis section provides highlights and any isstes t
were noted by meeting participants.

The objective of the E-67 project was to expandddabase of information available
on the impacts of gasoline volatility parameterd athanol content on exhaust
emissions from recent model light-duty vehiclesie Bcope of the testing included

12 vehicles and 12 different fuels. The vehickevsss composed of California certified
model year (MY) 2001, 2002, and 2003 vehicles.tifieation levels included mostly
LEV and ULEV with one SULEV. Fuels included varaats on ethanol (0%, 5.7%, and
10%), 90% distillation temperature, 50% distillati@mperature, s (195°F, 215°F,

and 235F) or Tgg (295°F, 330°F, and 355F). The test protocol included measuring
exhaust emissions over the standard FTP. The ofdeel-vehicle testing was
randomized and each fuel-vehicle combination wsietkat least twice. For several
fuel-vehicle combinations the HC exhaust was spedito provide additional
information on toxic emissions. The test resulésenstatistically analyzed using
standard software.

The key findings of this study are summarized ibl€&. Past testing and the current
Predictive Model shows/gives lower HC and CO exhauasssions with increasing
ethanol content. NQCemissions increase going from 5.7% to 10%.

The results of the E-67 project were more compidats a function of the ethanol
content of the fuel and the gasoline distillatisogerties (see Table 5). Unlike previous
testing in older model vehicles the E-67 resultashn increase in non-methane
hydrocarbons (NMHC) with increasing ethanol contrthe mid and highgf levels.

E-67 Key Findings — NMHC E-67 Key Findings — NOx

Statistically Significant EtOH by T30 Interaction . —d i
Slalistically Significant EIOH by TE0 Inferaction

Composite NMHC by EtOH x T90 - Fleet Average Composite NOx by EtOH x T50 - Fleet Average
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Table 5. Summary of CRC E-67 Test Results for Low L  evel Blends in LEV, ULEV,
and SULEV Light Duty Vehicles

Key Findings: NMHC
NMHC increased with increasing T50.
The fleet-average percentage increases in NMHC in going from the low and mid-point level of T50 to the high T50 level
were 36 and 25%, respectively.
A significant interaction was found between ethanol and T90
NMHC increases with ethanol at mid- and high T90
NMHC increases with T90 at mid- and high ethanol levels

Key Findings: CO
CO decreased with increasing T90.
The percentage decreases in going from the low and mid-point level for T90 to the high T90 level
were 24% and 7%, respectively.

A statistically significant interaction was found between ethanol and T50
CO decreased when ethanol was increased from 0% and 5.7%
CO was unchanged or increased when ethanol was 10%
CO increased with T50 at 5.7% and 10% ethanol levels
CO was unaffected when no ethanol was present

Key Findings: NOx

A significant interaction was found between ethanol and T50

NOx increased with increasing ethanol at low level of T50

At mid-point level of T50, NOx was largely unaffected as ethanol was increased from the zero to the mid-point level,
but increased as ethanol was increased to the high level.

At the high level of T50, NOx is largely unaffected by ethanol

Alternatively, NOx decreased with increasing T50 at the high level of ethanol, but was largely unaffected by T50
at the zero and mid-point levels of ethanol

Key Findings NMOG and Toxics

NMOG:
Increased by 14% when ethanol was increased from zero to the high level.
Increased by 35% when T50 was increased from the low to the high level.

Formaldehyde:
Increased by 23% when T50 was increased from the low to the high level.

Acetaldehyde:
Increased by 73% when ethanol was increased from zero to the high level.
Benzene:
Increased by 18% when ethanol was increased from zero to the high level.
Increased by 38% when T50 was increased from the low to the high level.
1,3-butadiene:
Increased by 22% when ethanol was increased from zero to the high level.
Increased by 56% when T50 was increased from the low to the high level.

CO emissions for these modern vehicles decreagbdmreasing T90, but showed
mixed results with ethanol content and T50. Famegle, CO decreased from 0% to
5.7% ethanol and then was unchanged or increasdi¥@aethanol depending on T50
temperatures. Similar results were seen fog. NGO, mostly increased with increasing
ethanol content at the low T50’s and at the mi@l&®b0 point NOx increased with
ethanol content between 5.7 to 10%. At the higkllef T50, NOx was largely
unaffected by ethanol.

Interestingly, NMOG, acetaldehyde, benzene anddi&diene showed increases with
increasing ethanol content. These trends follevitend of increasing hydrocarbon
concentrations with increasing ethanol contentweicer, all the speciated data were
reported at the highest T90 which also had thedsgHCs. These levels are high
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compared to what would be expected at lower T9Q&ratures. The effects of ethanol
and T50 on NMOG and toxics were only observedHerdubset of fuels having the
high level of T90. The results of this study dad permit any conclusions as to what
effects ethanol and T50 might have had on NMOpxictemissions for fuels having
low or mid-point T9O levels.

2.5 Summary

Table 6 summarizes the issues that were presentediscussed in the technical forum
relative to low level blends of ethanol in gasolirfgermeation emissions from ethanol
blends in current vehicles are significant and @amtinue to have negative effects on
the state’s air quality. At the same time moreadak needed over a wider variety of
vehicles and in larger numbers to assess the alitgjimpact. ARB is currently
updating the predictive model with the newer pertinaaand exhaust emission data.
The Predictive Model may not completely incorportaieimpact of permeation
emissions and additional air quality mitigation s@&@s may therefore be required.

Future policy on low level ethanol blends needsdlance the air quality impacts,
reduction in climate change emissions (greenhoaseg), and petroleum displacement.
Vehicles can be designed to minimize permeatiorsgiomns as illustrated by the testing
on the newest low emission vehicles as well as FRMsfortunately, there is no retrofit
for the fleet of older vehicles and these vehialgsich have high permeation emissions,
will be used for many more years.
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Table 6.

Issues and Findings for Low Level Ethanol

Gasoline

Blends in Reformulated

Low Level Blend
Issues

Findings

Permeation

AN

ANENENRN

Significant in near term and in out years: estimated on and off-road
HC increase in SCAB: 26 tpd (2005) and 14 tpd (2020)

Permeation emissions double for each 10°C

No known retrofit technology

ARB will incorporate in Predictive Model

Mitigation of on and off-road emissions may require more than fuel
strategies

Predictive Model
Accuracy /
Robustness

AN

Current data set is heavily skewed with old vehicle and fuels data
New data on ULEV and SULEV show complicated interaction between
gasoline volatility and ethanol

Update should make sure science is right—model can have big effect
on emissions as well as economic viability of reformulated gasoline
10% ethanol blends show an increase in NOx emissions

Mitigation
strategies

ARB required by state law to ensure control measures do not increase
emissions—e.g. the permeation emissions impact of the transition
from Phase 2 to Phase 3 California gasoline must be mitigated.

ARB will evaluate both fuel and non-fuel strategies to mitigate emission
increases

Predictive model could provide fuel strategy if resulting reformulated
gasoline is economic

Summertime zero ethanol policy is fuel strategy but would not be
favored by refining or ethanol industries

It's not clear that fuel offset requirements alone will be sufficient.

CO / HC tradeoffs

Ethanol industry suggests that HC increases are fully offset by CO
reductions if CO reactivity is adjusted as proposed by the ethanol
industry.

ARB is updating its analysis and the predictive model but do not expect
for CO reactivity to completely offset permeation increases

Commingling

Commingling of ethanol in non-ethanol blends recognized as resulting
in higher RVP and potentially higher evaporative emissions and could
have been partially responsible for SCAB’s high ozone in 2003

Certification test
fuel

Current gasoline certification based on MTBE (Phase 2) hence reason
for permeation surprise

Auto manufacturers view any change in certification as major

PZEV certification requirements are currently a barrier to E-85 FFV
certification, although efforts are underway by manufacturers to
address this issue.

Greenhouse Gas
Benefits

Corn-based ethanol offers 23% GHG benefits
Cellulosic feedstocks offer 75-80% GHG benefits

22




3. E85 Ethanol Blends

Nearly all presenters discussed the benefits atehpal issues of fuel ethanol (E85)
fuel use in vehicles.

¢ CEC has advanced many recommendations in thegditated Energy Policy
Reports” for E85 use in flexible fuel vehicles (F§ythe Governor is also
promoting the use of biofuels in transportation

* ARB encourages the use of E85 in the current anddCalifornia fleet of FFVs.
Strategy provides greater petroleum fuel displaceraed greater greenhouse gas
emission reductions with low criteria emissionsi¢gpof new cars

e Ethanol industry promotes low level blends and EBBe industry thinks the
market will be rational and can have blend and g8%ng.

* WSPA noted that one of their prime concerns igdgeiced mileage of E-85 (20-
30% decrease) due to a lower energy density, arthe@hconsumers will see the
value in the vehicle/fuel combination that will delr a reduced range. They
acknowledged that E85 will extend overall transpiooh fuel but they also point
out E85 is not compatible with existing gasolind aresel infrastructure. FFVs are
still small percentage of vehicles and may be ditfito recover E85 station
investment. Other issues of concern are limitéd da FFV emissions, multimedia
environmental impact, and misfueling and commirgglin

¢ Auto Manufacturers are designing vehicles for E8& (e.g., software, optical
sensor, and changes in fuel-wetted materials).y fived fuel specification for E85
which would include additives. Also cold climatesy require blends as low as
E70.

¢ Air quality agencies (SCAQMD) are concerned abautification of current FFVs
and newer FFVs meeting PZEV levels. E85 has mowii volatility than low
level blends which reduces evaporative emissiot$®and toxics. ASTM and
ARB are both working on specifications to addréssvolatility requirements for E-
85. Need more in-use and other test data onpailmission performance of
current and future FFVs.

Gasoline vs. E85

Of the above issues, this section focuses on Energy Content and Vehicle Range
emissions from FFVs and the business case fqg i _
an E85 infrastructure. Current and future FFV{  ryica casoine properies: enerey denty 7oK BTUigallon

« Energy density ~115K BTU/gallon + Octane — about 100 (R+M)/2

should at least be comparable to gasoline vehi| - reargade ocane 87 etz
emissions for an E85 strategy to make sense |
California. FFVs partially solve the “chicken

and egg” problem with alternative fuels since g/
FFVs can use gasoline until the infrastructure | ... cow wre s ange ae 85 blend proeries:  galon
develops. However, an E85 fueling - Sty beter v Rega raoe octane 56 (402

Aenergy (for normally aspirated S1) L ——— 8
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infrastructure has not developed yet in Californtowever, the business case may be
more attractive as E-85 prices decline with growsogplies and the Phase Il vapor
control issue is addressed.

3.1 FFV Emissions

Little work has been done on a fuel specificationE85 since the mid 1990s. Vehicle
manufacturers need to have some assurances thainB8&riants will meet fuel
specifications to ensure proper vehicle and emmssp@rformance over full vehicle life.
It may not be sufficient to assume that the curaeldlitives and specifications for
gasoline with low level blends will also work foigher level blends.

FFVs have both evaporative and tailpipe emissiduise non-FFVs the evaporative
emissions include permeation, leaks, and tank ngntUnlike non-FFVs, FFVs are
designed and tested on E10 and E85. FFV fueldadlother fuel system materials
have been changed to meet evaporative standards

Newer gasoline vehicles and FFVs have been designeaimply with "enhanced”
evaporative emission regulations which began te &dfect in the mid 1990s. The
subsequent use of improved fuel system materiagteatly reduced total evaporative
emissions and permeation evaporative emissionsv REEV "zero" evaporative
emission requirements are expected to reduce #mssions to even lower levels.
Some experts believe that permeation emissiortgindt years may not be significant.
As noted above, recently released CRC E-65-3 dlatly suggest that FFV are equally
susceptible to permeation increase with low leizdlQ) blend compared to gasoline not
containing ethanol. Lower permeation emission&8% occur due to the lower
permeability of this fuel compared to lower leviianol blends or EO.

However, aside from certification testing on E8&rthhas been little testing performed
on in-use vehicles over the standard FTP and bttieo testing over a range of ethanol
blends possible in actual use (FFVs can use anguneixf ethanol and gasoline from
0% ethanol to 85% ethanol). Since there is de litte of E85 in California FFVs, it is
difficult to determine what a typical consumer’'spense would be. If ethanol was
available, would consumers mostly use E85 and amcalty fill with gasoline when
E85 not available? Would they base their seleatimowhether E85 or gasoline was
cheaper (and would this be done on an energy Basikely, there are a variety of
responses from consumers and this will resultrenge of ethanol gasoline mixtures
being used. In-use testing, therefore, shouldigela full range or potential mixtures,
and these tests should include evaporative andi€sting.

In his presentation, Mike Ingham (Chevron) outlinesting that is being considered by
CRC to answer some of these questions. CRC iemlyrfunding a 2006 Hot Fuel
Handling Program that will test 12 fuels (EO, EE£10, and E20 at three volatility
levels) and 25 vehicles (20 late MY and five 10ry@d vehicles). CRC is also
developing a proposal to test materials compatyalind is attempting to get co-
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sponsors from motorcycle, small engine, and mandestries. CRC is considering the
following E85 studies:

« Commercial E85 fuel quality survey

« Tailpipe emissions study of FFVs as a functiontbfaol concentration
(EO-E85)

« Permeation study of FFVs (EO-E??)

« Cold-start and driveaway performance study of F&E¥ & function of E85
composition

These studies will provide data on the emissiofop@ance of vehicles using higher
blends of ethanol in gasoline.

Another issue that gets raised is whether the matoufacturers will certify FFVs for
California meeting the tighter PZEV emissions stadd in the 2007 and later model
year while also complying with the existing EPAtieg protocol requirements which
are unique to FFVs.Ellen Shapiro (Alliance of Automobile Manufactusgmdicated
that the automakers are prepared to manufactuielegimeeting the standards before
them.

3.2 Infrastructure Business Case

Widespread use of E85 will not occur until the flaglinfrastructure develops. As
pointed out in the presentations by Peter Ward (QR€re are currently about 250,000
FFVs in California but only one retail station amg private stations dispensing E85.
Thus, most of these vehicles are using E5.7 RFG.

What are the barriers to an E85 infrastructure®s Mas explored in several
presentations and in the roundtable discussiore ddiestion that comes up is: Why
would the consumer want to purchase E85 evewia# available? There is very little
published market research on this issue, but praklynower price compared to
gasoline would be one attractive attribute. Sdwezars of experience with E-85
marketing in Minnesota has indicated that E-85qutiat 15-30% below the price of
unleaded regular gasoline per gallon would proaidattractive value proposition to
consumers.

Although ES85 is a liquid fuel like gasoline, inftagcture changes are necessary to
handle ethanol’s unique properties. Changes magduéred in tanks, piping, and
dispensing equipment. Also, additional retail gpa@y be needed to accommodate
E85 dispensers. The investment could be expengite $200,000 per station if all
ethanol compatible equipment is needed. Modiboadf an individual dispenser could
cost as little as $5,000, assuming all undergrquipithg and tank hardware is E-85
compatible.

Outside of California, there about 1,000 E85 stetiand partnerships are developing
with retailers and the ethanol industry. In Calii@a ARB is working with GM,
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Chevron, and Pacific Ethanol to develop an E85 dwtnation program. CalTrans’
fleet will use E85 at two locations for about oy Vehicles have been acquired and
infrastructure is being established.

Another discussed issue involved the supply anceouprice of ethanol. Ethanol spot
market prices according to Gary Herwick (TranspgmitaFuels Consulting) are in the
$4 per gallon range. This is reflective of a tighpply market and Gary projects this to
ease as new supply is brought on-line. Ethandraonprices are in the $2 to $3 per
gallon range and typically comparable to unlea@ggilar gasoline. Nevertheless, these
prices are reflective of ethanol being valued asld sto the gasoline blend market
where it competes with other octane enhancershaer @lend components needed to
meet RFG requirements. For the E85 market, eth@mne85 would have to compete
with gasoline on an energy basis. E85 has a laiirigevalue of about 72% of
CaRFG3. Thus, on an energy basis E85 would nekd poiced at about 72% of
gasoline. Herwick suggested that in a rationalkeiathis would be the case even if
ethanol continues to be used in the low level bimadket. However, this was not the
experience with methanol and MTBE in California.

Although some of the issues regarding the busioass for E85 were discussed, there
was no consensus among the stakeholders and deamed to be more questions
remaining than answers. Questions needing answmensour perspective are:

* What's the value proposition for the consumer? | éthanol be priced
competitively with gasoline?

* Who is going to make the retail station investmeAt®d how will the stations be
phased in over time to match vehicle purchases?

e How will station owners recover their investment?
*  How will misfueling be prevented?

3.3 Summary E85

E85 provides potentially larger benefits for imprayair quality, lowering greenhouse
gas emissions, and petroleum displacement. Howthase benefits will not be
achieved without a concerted effort by industry atade agencies. Automakers will
have to provide FFVs with advanced emissions agthertechnologies. Oil companies
and retail fueling stations will have to develophle business approaches to invest in
E85 infrastructure and then to attract customemitochase E85 in order to recovery
their investment. This will require a coordinatftbrt from the automakers, the retalil
stations owners, and state agencies.

A lot more testing is needed to ensure the emisdenefits of FFVs. Testing should
include not only that done for certification, blg@atesting of in-use vehicles to verify
emissions performance over the life of the vehiclde-85 and the full range of fuels.
Additional work is also needed on the ozone redgtof the exhaust from FFVs.
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Previous work has shown that ethanol emissionteasareactive, and thus have the
potential to provide additional air quality bengfit

Ethanol pricing will continue to be an issue witle turrent tight market. However, as
newer production comes on line, it is anticipateat ethanol prices will more reflect the
cost of the product. This will be necessary ftiaebl (as E85) to compete with
gasoline.

Commingling emissions are still a concern with eatrand future FFV designs. Itis
clear that most users will at sometime in their exghip fuel with only gasoline or E85.
This will result in fuel mixtures less than E85 gratentially result in higher
permeation/evaporative emissions as well as higkleaust emissions or at least higher
reactive exhaust mixtures. The ethanol blend lexeds-over point and the reactivity
implications need to be more fully studiellore emission testing data are needed to
investigate possible commingling issues.

Finally, work is needed to develop cellulosic padlys/for ethanol production.
Cellulosic ethanol provides the greatest climatnge emissions benefit.
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Table 7. Issues and Findings for E85 Transportatio  n Fuels

E85 (Fuel Ethanol)

Findings

= EB85 Infrastructure

ASANENENEN

<S

Only 1 retail station in California

Consumer value proposition for using E85

Business case to install infrastructure

Cost of infrastructure and transition throughout state

Early joint ventures between oil companies and ethanol producers to establish
fueling stations underway

Need enhanced vapor recovery systems for ethanol

Since a majority of FFV’s on the road will have On-board Vapor Recovery, the
need for Stage Il vapor recovery is being assessed

= Prices

E85 is a harder business case than low level blends under current commercial
market economics
Incentives likely to be needed in short and medium term

= Supply Availability

Q

Current U.S. ethanol production stands at 4 billion gallons

Industry expects to exceed the 2012 RFS goal of 7.5 billion gallons within the
next 2 years; unconfirmed estimates may be in the range of 15-20 billion
gallons, although further assessment of this issue is needed.

Uncertainty exists on the upper limit above which food, soil and water
resources severely affected by diversion of corn to ethanol

= Availability of FFVs

GM is the only 2006 manufacturer in California
Will OEMs produced advanced FFVs meeting PZEV standards

= Emission Benefits
of FFVs

Essentially no in-use testing data for FFVs

Catalyst durability for consistent aldehyde control needs in-use confirmation
MIR reactivity studies somewhat outdated

Need for testing of latest model FFVs

One permeation test point expected under CRC project E-65-3

= FFV use of
commingled fuel

AN NN NN

AN

Current FFV designs are certified to comply with exhaust and evaporative
requirements on E-85 and E-10.

In the early transition years (e.g., through 2020) however, the lack of
widespread E85 station availability will likely result in some commingling of
gasoline and E85 reducing the maximum benefit of E85

The role of older FFVs may remain an issue during this transition period, as
new technology vehicles which meet near-zero and PZEV standards are
phased into the fleet.

=  Permeation
emissions

<

Permeation emissions are expected to decline to very low levels as vehicles
with newer evaporative controls come to dominate the fleet. °

= Climate Change
Emissions

ANENENEN

Larger potential GHG emission benefits than low level blends
Corn-ethanol pathway provide 23% GHG benefits

Cellulosic ethanol pathway provide 75-80% GHG benefits
California pursuing biofuels production and use

® Data on one FFV shows an increase in permeatiosseons when tested on E10, compared to EO.
The latest CRC report (E-65-3) shows that E85 patime was half that of EO. It is likely, therefore
that FFVs will show an increase in permeation Watlt level ethanol fuels compared to EO or MTBE

fuels.
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4, Petroleum Displacement and Climate Change

Ethanol used in CaRFG3 is currently displacing 80llon gallons of gasoline as a
result of California’s ban on MTBE and the Fede&an Air Act® mandating use of an
oxygenate. Ethanol is being produced from cohiarported to California from the
Midwest. Relative to the use of other alternafivas in displacing gasoline or diesel
fuels, ethanol has been very successful. The igmeghat come up in evaluating a
continuing ethanol strategy include how can eth&etp (1) achieve California’s
renewable energy goals, and (2) reduce Califormmafsct on climate change while
supplying a significant portion of California’s fudemand.

4.1 Meeting California Renewable Goals

Peter Ward (CEC) and Gary Herwick (Transportatiael& Consulting, representing the
ethanol industry) both provided overviews of gaats policies being recommended or
adopted for renewables in California and throughbetU.S. Both suggested that
ethanol could play a large role in meeting suchggaad policies.

In California, the legislature, the Governor, atatesagencies have developed
legislation, executive orders, and recommendationthe increased use of alternative
fuels. CEC in its Integrated Energy Policy Rep@iE$R) has recommended expansion
of E85 use as well as increasing ethanol conteb®% in low level blends. CEC also
adopted a goal of 20% alternative fuels use by 20#Dethanol is expected to play a
significant role in meeting this goal. The sta#s lalso been putting together a
bioenergy action plan that includes working groepart to governor, governor issuing
Executive Order S-06-06, working group detailedaacplan for California, and CEC
adopting alternative fuels report in December 2006.

Executive Order S-06-06 targets to increase iregiedduction and use of bioenergy,
including ethanol and biodiesel fuels made fromereaible resources. For biofuels the
goals are to produce 20% in-state by 2010, 40909 2and 75% by 2050. The EO
also requires the Resources Agency and CEC to itabedwork among state agencies
to promote the use of biomass resources.

® Clean Air Act 1990 Amendments, Section 110 (K) @}ygen content. The 2005 Energy Policy Act
eliminated the oxygen requirement in federal RRl was replaced with the federal Renewable Fuel
Standard.
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Gov. Schwarzenegger's
Executive Order S-06-06

> Established targets to increase in-state
production and use of bioenergy, including
ethanol and bio-diesel fuels made from
renewable resources:
= For biofuels, the state shall produce a

minimum of 20 percent of its biofuels within
California by 2010, 40 percent by 2020, and
75 percent by 2050

= For biomass for electricity, the state meet a 20
percent target within the established state
cz;gglg for renewable generation for 2010 and

Assembly Bill 1007 (Pavely) restates the goal toease alternative fuel use to 20% by
2020 and requires CEC to develop an alternativis falan by June 2007.

On the federal side, the Energy Policy Act of 2868& a renewable fuels standard
(RFS) of 7.5 billion gallons of ethanol use in th&. by 2012 and also eliminates the
oxygenate mandate requirement in the Clean Air Adnmeants of 1990. There is a lot of
flexibility in the RFS; California refiner allocatn in 2011 is about 850 million gallons
of ethanol, about what was used in 2005.

4.2 Ethanol as Climate Change Strategy

Gary Herwick showed results of the Argonne Natidredoratory study on well-to
wheels analysis of greenhouse gas emissions agsbwiah various fuel and vehicle
technology combinations. The results of this staysimilar to work performed in
California by ARB and others. A recent Califorsiady estimates the corn-to-ethanol
benefit at 18% with a range of uncertainty from%3t® +29%. ARB’s estimate was a
23% benefit for corn-based ethafiolArgonne’s results, however, show considerably
more benefit for cellulosic ethanol. In their aysas they show benefits of 64%.
Farrell, et. al., also show larger benefits (88&%)dellulosic ethanol compared to
gasoline’

Farrell, Alexander E. et al, “Ethanol Can Conitibto Energy and Environmental Goals,” Sciencd, Vo
311, pg 506, January 27, 2006.

ARB, “Staff Report: Initial Statement of ReasdosProposed Rulemaking, Public Hearing to
Consider Adoption of regulations to Control Greem® Gas Emissions from Motor Vehicles,” August
6, 2004.

One presenter pointed out that while cellulogi@rol is “5 years away”, corn-based ethanol ddkes o
immediate GHG reduction potential.
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Ethanol Blends, Especially E85 Made from
Cellulosic Ethanol, Can Significantly Reduce
GHG Emissions

0%
-2% -2%
-6%

-20% 1 -17%
-23%

-40%

-60% -
-64%

-80% < E10 GV: E10GV: E10GV: EB85FFV: E85FFV: E85FFV:
DM wM Cell. DM WM Cell.

Reductions in Per-Mile GHG Emissions by Ethanol Ble  nd - Source: Argonne National Laboratory

Ethanol — A Viable Alternative for Transportation Fuel i n California
South Coast Air Quality Management District Ethanol Forum — June 15, 2006 - Gary Herwick. Page 10

Stakeholders agreed that all sources of etharmliding corn-based production, will be
needed to contribute to the on-going commerciabnadf fuel ethanol. The state
agencies want to promote wider ethanol productsingibiomass and waste products to
maximize greenhouse gas reductions and Califomodygztion.
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5.

Concluding Remarks

The presenters at the ethanol technical forum anddtable discussion were asked to
consider several questions relative to low levehds of ethanol and gasoline and fuel
ethanol or E85. These questions were providelddnritroduction (Section 1) and are

repeated here with our best assessment of whabtisensus was at the meeting.

Low-Level Blends

1)

2)

What options exist to fully mitigate the 42 tonsqteey of extra VOC emissions in
the South Coast Air Basin resulting from the permeeemissions associated with
low level blends?

ARB'’s current estimate is 26 tpd in 2005. ARB illst evaluate fuel strategies
that are possible. This will be done through thediRtive Model update and also
the current process to update EMFAC and the OFFR@WDels for the up coming
8-hr ozone SIP analyses.

The refining industry wants ARB to do the scienightrin correlating all the new
data. They will live with the consequences oftihadeling (that describes as best as
possible what is actually occurring in use).

If fuel options do not fully mitigate the increasgermeation emissions, ARB will
also evaluate non-fuel strategies. These strategiee not discussed. WSPA and
the Alliance questioned ARB’s legal authority toplement non-fuel strategies.
They also suggested working closely with ARB orsthissues.

What would be the gasoline supply impact of elitmggthe use of ethanol during
summer months?

Summer months are the biggest driving months of/#fae and thus the months of
highest demand for gasoline. Eliminating ethandhe fuel supply would
aggravate the supply of gasoline during these ger@amd could disrupt the overall
transportation fuels market. ARB indicated thaytlre not inclined to ban the use
of ethanol during the summer months.

That said, the refining industry seem to respoiad tifley could accommodate
ethanol or not depending on the outcome of theiétreel Model. However, the
current system is optimized for ethanol. Refineosild have to make up octane,
dilution, and other ethanol attributes in reformethgasoline. The impacts on costs
and RFG production are unknown at this time.

Another issue is the Federal RFS (Renewable Fuatsl&rd) which requires multi-
billion gallon renewables nationwide. If Califoandrops out, this will substantially
reduce ethanol demand, and this would consideraklyce system flexibility and
could lead to more supply disruptions and priceatiloly.
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3) What research priorities do you see relative to-lewel ethanol blends and for
E85?
a) For example, what commingling scenarios need bettaracterization?
b) What are the prospects for demonstration and coroiaéeration of optimized
FFVs with plug-in hybrid capacity, such as the S8&b plug-in hybrid E100
prototype?

All participants agreed that more data are needdils ranged from more

evaporative emissions testing to more testing &$FThe amount of data obtained

in the past Auto-Oil testing far outweighs the eatrtesting data. CRC is

undertaking several emission testing programsviiibhelp fill in some of the data

voids. Examples of programs on-going or planned ar

CRC E-77

CRC E-65.3

CRC Hot Fuel Handling Program

CRC proposed materials compatibility

CRC proposed commercial E85 fuel quality study

CRC proposed FFV tailpipe emissions study (EO-E&fs)

CRC proposed FFV permeation study (EO and otheidexf ethanol—to

be defined)

= CRC proposed cold-start and driveaway performanayswith different
E85 compositions

4) Assuming the Predictive Model does not fully offisetpermeation emissions
associated with E-5.7 use due to permeation, whiaDhality Management Plan
strategies should be considered to address thisgyoof the “black box” of needed
emission reductions to attain federal and stateqaiality standards for both ozone
and fine particulate?

Not addressed but the implication is that ARB WHt consider fuel strategies
presumably as part of the Predictive Model anaedded will then explore non-fuel
strategies to mitigate the impact.

Fuel Ethanol (E85)

5) What can be done to expedite the development andfuiEnhance Vapor Recovery
systems for E85?

Phase Il vapor recovery issues are being studig®RS.
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6) What policies should be encouraged regarding tleeaid-lexible Fuel Vehicles
during the early stages of E85 station deployment?

This transitional issue was not discussed, buethes considerable discussion on
the business case for building an E85 fueling stftacture. Barriers today include:
= Availability and cost of station equipment: stpedanks, piping, dispensers
= Ethanol pricing—uwill not compete with gasoline atrent prices
= Consumers’ reasons for buying E85 especially whieibates of E85 are
less than gasoline, e.g. less driving range ordessssible fueling stations
= Liabilities associated with misfueling
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