To: Interested Parties

From: Michad P. Wash
Date: May 17, 2000
Subject: EPA Proposd Regarding Heavy Duty Engines & Diesd Fud

EPA announced today its long awaited proposd to substantialy reduce emissions from heavy duty
vehicles and engines and to reduce the sulfur content in diesdl fuel. The purpose of thismemoisto
summarize the most important provisons of the proposa.

OVERVIEW: Diesdl engines contribute consderable pollution to the US's continuing ar qudity
problems. Even with more stringent heavy-duty highway engine standards set to take effect in 2004, these
engines will continue to emit large amounts of nitrogen oxides and particulate matter, both of which
contribute to serious public hedlth problems in the United States. These problems include premature
mortality, aggravation of respiratory and cardiovascular disease, aggravation of existing asthma, acute
respiratory symptoms, chronic bronchitis, and decreased lungfunction. Numerous studies dso link diesdl
exhaust to increased incidence of lung cancer.

Diesdl engine sales have grown over the last decade, so that now about a million new diesd engines are
soldinthe U.S. every year. Diesds overwhelmingly dominate the bus and large truck markets and have
been capturing a growing share of the light heavy-duty vehicle market over the last decade.

EPA has proposed a comprehensive nationd control program that would regulate the heavy-duty vehicle
anditsfue as a angle system. New emisson standards would begin to take effect in 2007, and would
apply to heavy-duty highway engines and vehicles. These proposed standards are based on the use of
high-efficiency catdytic exhaust emission control devices or comparably effective advanced technologies.
Because these devices are damaged by sulfur, EPA has dso proposed to reduce the level of sulfur in
highway diesd fud sgnificantly by the middle of 2006.

If this program is implemented as proposed, diesdl trucks and buses will have dramatically reduced
emission levels. This proposed programwill bring heavy-duty diesd emissions on par with new cars and
would, for thefirg time, result in the widespread introduction of exhaust emissoncontrol devicesondiesdl
engines.

By 2007, EPA edtimates that heavy-duty trucks and buses will account for as much as 30 percent of
nitrogen oxides emissons from trangportation sources and 14 percent of particulate matter emissons. In
some urbanareas, the contributionwill be even greater. The standards for heavy-duty vehidles proposed
in this rule would have a subgtantial impact on the mobile source inventories of oxides of nitrogen and
particulate matter. Beginning the program in the 2007 modd year ensures that emission reductions start
early enough to counter the upward trend in heavy-duty vehide emissons that would otherwise occur
because of the increasing number of vehicle miles traveled each year.

The proposed program would result in particulate matter and oxides of nitrogen emission levels that are
90% and 95% below current standards levels, respectively.  In order to meet these more stringent



standardsfor diesdl engines, the proposal cdlsfor a 97% reductioninthe sulfur content of diesel fud. EPA
is aso proposing more stringent stlandards for heavy-duty gasoline vehicles.

The clean air impact of this program would be dramatic when fully implemented. By 2030, this program
would reduce annud emissons of nitrogen oxides, nonmethane hydrocarbons, and particulate metter by
aprojected 2.8 million, 305,000 and 110,000 tons, respectively. This would come at an average cost
increase of about $1,700 to $2,800 per new vehide inthe near term and about $1000 to $1600 per new
vehide in the long term, depending onthe vehide Size. 1n comparison, new vehicle pricestoday canrange
up to $250,000 for larger heavy-duty vehicles. The cost of reducing the sulfur content of diesel fud would
result in an estimated increase of approximately four cents per gdlon.
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1. Heavy-Duty Engine Emission Standards

EPA is proposng a PM emissons standard for new heavy-duty engines of 0.01 grams per brake-
horsepower-hour (g/bhp-hr), to take full effect in the 2007 HDE modd year. They are aso proposing
standardsfor NOx and NMHC of 0.20 g/bhp-hr and 0.14 g/bhp-hr, respectively, to be phased intogether
between 2007 and 2010, for diesel engines. The phase-in would be on a percent-of-sales basis. 25
percent in 2007, 50 percent in 2008, 75 percent in 2009, and 100 percent in2010. Because of the more
advanced gtate of gasoline engine emissons control technology, gasoline engineswould be fully subject to
these standardsinthe 2007 mode year. Inaddition, EPA is proposing aforma dehyde (HCHO) emissons
standard of 0.016 g/bhp-hr for dl heavy-duty engines, to be phased in with the NOx and NMHC
standards, and theind usionof turbocharged diesel sin the existing crank case emissions prohibition, effective
in 2007.

Proposed standards for complete HDV's would be implemented on the same schedule as for engine
standards. For certification of complete vehicles between 8500 and 10,000 pounds gross vehicle weight
rating (GVWR), the proposed standards are 0.2 grams per mile (g/mi) for NOx, 0.02 g/mi for PM, 0.195
g/mi for NMHC, and 0.016 g/mi for formaldehyde.! For vehicles between 10,000 and 14,000 pounds,
the proposed standardsare 0.4 g/mi for NOx, 0.02 g/mi for PM, 0.230 g/mi for NMHC, and 0.021 g/mi
for formadehyde. Thesestandardslevelsareroughly comparableto the proposed engine-based standards
in these Size ranges.

Fndly, EPA is proposing to revise the evaporaive emissons standards for heavy-duty engines and
vehides, effective onthe same schedul e as the gasoline engine and vehide exhaugt emissonstandards. The
proposed standards for 8500 to 14,000 pound vehiclesare 1.4 and 1.75 grams per test for the 3-day
diurnd and supplementa 2-day diurnd tests, respectively. Slightly higher sandards levels of 1.9 and 2.3
grams per test would apply for vehicles over 14,000 pounds. These proposed standards represent more
than a 50 percent reduction in the numerical standards asthey exist today.

The emission standards for heavy-duty engines are summarized below.

1 Vehide weight ratingsin this proposa refer to GVWR (the curb weight of the vehide plusits
maximum recommended load of passengers and cargo) unless noted otherwise.
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Proposed Full Useful Life Heavy-Duty Engine Emission Standards and Phase-

Ins
Phase-In by Modd Y ear
Standard
(¢/bhp-hr) 2007 | 2008 | 2009 | 2010
Diesd NOx 0.20
NMHC 0.14 25% | 50% 75% | 100%
HCHO 0.016
Gasoline NOx 0.20
NMHC 0.14 100%
HCHO 0.016
Died & Gasoline PM 0.01 100%

The proposed PM standard of 0.01 g/bhp-hr is projected to require the addition of ahighly efficient PM
trap to diesd engines, induding urban buses; it is not expected to require the addition of any new hardware
for gasoline engines.

Like the PM standard, the proposed NOx standard is projected to require the addition of highly efficient
NOx aftertreatment to diesel engines. For gasoline engines, the standard proposed in the 2004 heavy-duty
rueis 1.0 g/lbhp-hr NMHC+NOX. Therefore, for gasoline engines, the standards proposed today would
represent roughly an additiond 70 percent reduction.

With respect to formaldehyde, the standards are comparable in stringency to the formadehyde standards
recently findized in the Tier 2 rule for passenger vehicles; they are dso consstent with the CARB LEV |1
formadehyde standards. These standards would be especialy important for methanol-fueled engines
because forma dehydeis chemicaly smilar to methanol and is one of the primary byproducts of incomplete
combustion of methanol. Formadehyde is aso emitted by engines using petroleum fuels (i.e., gasoline or
diesd fud), but to a lesser degree than is typicaly emitted by methanol-fueled engines. Based upon the
andyss of amilar standards recently findized for passenger vehicles, EPA believes that formadehyde
emissions from petroleum-fuel ed engineswhencomplyingwiththe PM, NMHC, and NOx standards should
be as much as 90 percent bel ow the standards. Thus, to reducetesting costs, EPA isproposing aprovision
that would permit manufacturers of petroleum-fueled engines to demongtrate compliance with the
forma dehydestandardsbased onengineering analysis. Thisprovision would require manufacturersto make
a demondration in thar certification application that engines having Smilar size and emisson control
technology have been shown to exhibit compliancewiththe applicable formadehyde standard for their full
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useful life. This demongration would be smilar to that recently findized for light-duty vehicles to
demonstrate compliance with the Tier 2 formaldehyde standards.

Because the NOx exhaust emisson control technology EPA expects would be required to meet the
proposed NOx standard is at an early stage of development, EPA believesaphase-in of the NOx standard
isappropriate. With aphase-in, manufacturersare abletointroduce the new technology on alimited number
of engines, thereby gaining vauable experience with the technology prior to implementing it on their entire
fleet. Also, EPA is proposing that the NOx, HCHO, and NMHC standards be phased-in together for
diesd engines, i.e, engines would be expected to meet each of these proposed new standards, not just one
or the other. EPA proposes this because the standard as proposed inthe 2004 heavy-duty rule would be
a combined NMHC+NOx standard. Separating the phase-ins for NMHC and NOx would create a
problem because it would not be clear to what NMHC standard an engine would certify were it to certify
to the proposed NOx standard independent of certifying to the proposed NMHC standard (and viceversa
for engines certifying to the proposed NMHC standard independent of the proposed NOx standard).?
EPA reguest s comment on the phase-in for diesdl enginesof these proposed NOx, HCHO, and NMHC
standards and the requirement that they be phased-in together. They also request comment on dternaive
phase-in schedules and percentages, suchas a phase-in over threeyears (2007-2009), a phase-in over two
years (2007-2008), and no phase-in (100%in2007). EPA isnot proposing aphase-in for gasoline engines
because it wantsto mantain cons stency withthe proposed heavy-duty gasoline vehide standards whichare
not phased-in. Nonetheless, EPA requests comment on possible dternaive phase-ins for the proposed
gasoline engine standards, such as a phase-in consstent with the proposed phase-in for diesd engine
standards, or a phase-in consstent with that used for heavy light-duty trucks and medium-duty passenger
vehicles under the light-duty highway Tier 2 program.

2. Not-to-Exceed and Supplemental Steady-State Test

To hdp ensure that heavy-duty engine emissions are controlled over the full range of speed and load
combinations commonly experienced inuse, EPA has previoudy proposedtoapply Not-To-Exceed (NTE)
limits to heavy-duty diesdl engines. Asproposed, the NTE approach establishes an area (the “NTE zone”)
under the torque curve of an engine where emissons must not exceed a specified vdue for any of the
regulated pollutants. As proposed, the specified value under which emissons must remainis 1.25 timesthe
FTP standards. The NTE standard would apply under any conditions that could reasonably be expected

2 Note that, despite the concurrent phase-in of NOx and NMHC standards for diesdl engines,
the NMHC standards should be easily met through use of a PM trap. Since the PM standards would
be implemented on 100 percent of new enginesin the 2007 mode year, dl new engineswould have a
PM trap and would, therefore, control NMHC emissions to levels below the proposed standards.
Therefore, while the NMHC standard is phased-in with NOx due to the 2004 combining of the NOx
and NMHC standards, the proposed NMHC standards would be met by al new enginesin the 2007
modd year.
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to be seen by that engine innormd vehide operationand use. Inaddition, EPA hasproposed that the whole
range of real ambient conditions be included in NTE testing.

Smilaly, to hdp ensure that heavy-duty engine emissions are controlled during steady-state type driving
(such as aline-haul truck operating on a freeway), EPA has previousy proposed a new supplemental
steady-state test consisting of 13 steady-state modes, each welghted according to the amount of time that
might be expected at each mode during typica red world conditions. As proposed, the supplemental
steady-date test has emission limits of 1.0 timesthe FTP standards.

Today’ snotice proposesto gpply the heavy-duty diesel NTE and supplementa steady-statetest provisons
intended to be findized as part of the 2004 standards rulemeking. The October 29, 1999, proposal for that
rule contained the description of these provisons. EPA expectsthat a number of modifications will be made
to those provisonsinthe FRM for that rule based onfeedback received during the comment period. While
the detals of the find provisons are not yet avalable, EPA will provide the necessary information in the
docket for thisrule as soon as it becomes available in order to alow for comment.

EPA has not proposed that the NTE requirements, or the supplemental steady-state test, apply to heavy-

duty gasoline engines. However, it is working with severd industry members to pursue a proposd in a
Separate action with the intention of having NTE requirements in place for heavy-duty gasoline engines
beginningin the 2004 model year. Today’ sproposa intendsthat those provisions, when devel oped, would

apply to the gasoline engines subject to today’s proposed standards as well. EPA currently have no
intention of pursuing supplementd steedy-state test requirements for heavy-duty gasoline engines.

EPA requests comment and data on the feasibility of technology meeting the proposed emissonstandards
inthe context of the NTE and supplementa steady-state tests as proposed inthe 2004 heavy-duty rule, and
the potentia changes to the supplementa tests should changes be made from what was proposed.

3. Crankcase Emissions Control

Crankcase emissons are the pollutants that are emitted in the gases that are verted from an engine's
crankcase. Thesegasesaredsoreferred to as"blowby gases' becausethey result from engine exhaust from
the combustion chamber "blowing by" the pistonrings into the crankcase. Thesegasesareventedto prevent
high pressures fromoccurringinthe crankcase. Theexigtingemissionstandards prohibit crankcase emissons
from dl highway engines except turbocharged heavy-duty diesel engines. EPA made the exception for
turbocharged heavy-duty diesel engines because of concernsin the past about fouling that could occur by
routing the diesd particulates (including engine ail) into the turbocharger and aftercooler. These concerns
are now dleviated by newly developed closed crankcase filtration systems, specifically designed for
turbocharged heavy-duty diesel engines. These new systems are aready required for new on-highway
diesd engines under the EURO 111 emisson standards.

EPA is proposing to diminaethe exceptionfor turbocharged heavy-duty diesel enginesstarting inthe 2007
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model year. This is an environmentdly significant proposad since most heavy-duty diesd trucks use
turbocharged engines, and a single engine can emit over 100 pounds of NOx, NMHC, and PM from the
crankcase over the lifetime of the engine.

4, Heavy-Duty Vehicle Exhaust Standards

The emission standards being proposed today for heavy-duty vehidesare summarized inthe Table below.
EPA has dready proposed tha dl complete heavy-duty gasoline vehicles, whether for trangporting
passengersor for work, be chasss certified. Current federd regulations do not require that complete diesdl
vehicdes over 8,500 pounds be chassis certified, instead requiring certification of their engines. Today’s
proposa does not make changes to those requirements.

The Tier 2 find rule created a new vehide category caled “medium-duty passenger vehicles’.® These
vehicles, both gasoline and diesdl, are required to meet requirements of the Tier 2 program, which carries
withit achasss certification requirement. As aresult, gpplicable complete diesdl vehicdlesmugt certify usng
the chassis certificationtest procedure. Today’ s proposed chassis standardsfor 2007 and later modd year
heavy-duty gasoline vehicleswould apply to the remaining (work-oriented) complete gasoline vehicles under
14,000 pounds.

Proposed 2007+ Full Useful Life Heavy-Duty Vehicle Exhaust
Emission Standardsfor Complete Gasoline Vehicles*

(gramg/mile)
Weght Range
(GVWR) NOX NMHC HCHO PM
8500 to 10,000 Ibs 0.2 0.195 0.016 0.02
10,000 to 14,000 Ibs 0.4 0.230 0.021 0.02

* does not include medium-duty passenger vehicles

These NOx standards represent a 78 percent reduction and a 60 percent reductionfromthe standardsfor
8,500-10,000 pound and 10,000-14,000 pound vehicles, respectively, proposed in the 2004 heavy-duty
rule. The 2004 heavy-duty rule would require such vehicles to meset the Cdifornia LEV-I NOx standards

3 Medium-duty passenger vehicles are defined as any complete vehicle between 8,500 and
10,000 pounds GVWR designed primarily for the transportation of persons. The definition specificaly
excludes any vehicle that (1) has a capacity of more than 12 personstota or, (2) is desgned to
accommodate more than 9 persons in seating rearward of the driver’s seet or, (3) has a cargo box
(e.0., pick-up box or bed) of sx feet or morein interior length.

Page -5-



of 0.9 gmi and 1.0 gmi, respectively. The proposed NOx standards shown inthe Table are consistent with
the CARB LEV-II NOx standard for low emissonvehicles(LEVS). EPA has proposed, and CARB has
put into placeintheir LEV-11 program, adightly higher NOx standard for 10,000 to 14,000 pound vehicles
because these vehiclesare tested at a heavier payload. The increased weight results in using morefud per
mile than vehiclestested at lighter payloads; therefore, they tend to emit dightly more grams per mile than
lighter vehides*

The NMHC standards represent a 30 percent reduction from the proposed 2004 standards for 8500
10,000 and 10,000-14,000 pound vehicles. The 2004 heavy-duty rulewould require such vehiclesto meet
NMHC standard levels of 0.28 g/mi and 0.33 g/mi, respectively (equal to the Cdifornia LEV -1 nonmethane
organic gases (NMOG) standard levels). The proposed NMHC standards are cons stent with the CARB
LEV-II NMOG gstandards for LEV'sin each respective weight class. The NMHC standard for 10,000-
14,000 pound vehiclesis higher thanfor 8,500-10,000 pound vehiclesfor the same reason as stated above
for the higher NOx standard for such vehicles.

The formal dehyde standards are comparable instringency to the forma dehyde standards recently finaized
in the Tier 2 rule for passenger vehicles, they are dso consstent with today’ s proposed engine standards
and the CARB LEV Il formadehyde standards. Formadehyde is a hazardous air pollutant that is emitted
by heavy-duty vehicles and other mobile sources, and we are proposing these forma dehyde standards to
prevent excessive formadehyde emissons. These standards would be especialy important for methanol-
fuded vehidesbecause formadehydeis chemicaly smilar to methanol and is one of the primary byproducts
of incomplete combustion of methanol. Formadehydeisaso emitted by vehiclesusing petroleum fudls(i.e,
gasoline or diesd fud), but to alesser degree than is typicdly emitted by methanol-fueed vehicles. EPA
recognizesthat petroleum-fueled vehicles able to meet the proposed NMHC standards should comply with
the formal dehyde standards with large compliance margins. Based upon the andyss of Smilar sandards
recently findized for passenger vehicles, EPA believesthat forma dehyde emissions from petroleum-fueled
vehicleswhen complying withthe PM, NMHC and NOXx standards should be as muchas 90 percent below
the standards. Thus, to reduce testing costs, EPA is are proposing a provison that would permit
manufacturers of petroleum-fueled vehicles to demonstrate compliance with the formadehyde standards
based onenginearing andysis. This provision would require manufacturersto make ademondrationintheir
certification application that vehicles having Smilar Sze and emission control technology have been shown
to exhibit compliance withthe applicable formal dehyde standard for ther full useful life. Thisdemongtration
would be smilar to that recently finalized for light-duty vehicles to demongtrate compliance with the Tier 2
formadehyde standards.

The PM standard represents over an 80 percent reduction from the CARB LEV-II LEV category PM

4 Engine sandards, in contrast, are sated in terms of grams per unit power rather than grams
per mile. Therefore, engine emission standards need not increase with weight because heavier engines
do not necessarily emit more per horsepower even though they tend to emit more per mile.
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gtandard of 0.12 g/mi. Note that the PM standard shown in the Table represents not only a stringent PM
levd, but anew standard for federal HDV swhere none existed before. The CdiforniaLEV-11 program for
heavy-duty vehicles, and the federd Tier 2 standards for over 8,500 pound vehicles designed for
transporting passengers, bothcontain PM standards. The PM standard proposed today is consistent with
the Tier 2 bin 8 leve of 0.02 g/mi.

EPA bdlievesthat the vehide standards proposed are comparable in stringency to the proposed diesel and
gasoline engine standards.

EPA is not proposing a phase-in for the HDV standards. As proposed, the HDV standards would apply
only to complete gasoline vehicles, consstent with current regulations. EPA believes that emission control
technology for gasoline enginesisin an advanced enough stateto judtify a smple implementation requirement
in the 2007 modd year.

Conggtent with current regulations, EPA is not proposing to alow complete heavy-duty diesdl vehiclesto
certify to the heavy-duty vehide standards. Instead, manufacturerswould be required to certify the engines
intended for such vehiclesto the engine standards. However, EPA requests comment on whether complete
heavy-duty diesd vehicles should be alowed, or perhaps should be required, to certify to the vehicle
standards. Any commentson thistopic should also addresswhether aphase-in, cons stent with the phase-in
of engine standards, would be appropriate.

5. Supplemental Federal Test Procedure For Heavy Duty Vehicles

EPA is not proposing new supplemental FTP (SFTP) standards for heavy-duty vehicles. The SFTP
standards control off-cycle emissons in a manner analogous to the NTE requirements for engines. EPA
believes that the SFTP standards are animportant part of the light-duty programjust asit believesthe NTE
requirements will be an important part of the heavy-duty diesel engine program. Although they are not
proposing SFTP standards for heavy-duty vehicles, they intend to do so via a separate rulemaking. They
request comment on suchan approach, and on appropriate SFTP levds for heavy-duty vehicles dong with
supporting data.

6. Heavy-Duty Evapor ative Emisson Standards

We are proposing new evaporative emissonstandards for heavy-duty vehiclesand engines. The proposed
standards are shown in the Table below. These standards would apply to heavy-duty gasoline-fueled
vehides and engines, and methanol-fueled heavy-duty vehicles and engines. Consstent with existing
standards, only the standard for the three day diurnd test sequence would apply to liquid petroleum gas
(LPG) fueled and naturd gasfuded HDVs.



Proposed Heavy-Duty Evapor ative Emission Standar ds*
(grams per test)

Supplemental 2 Day Diurnd +

Category 3 Day Diurnal + Hot Soak Hot Soak**
8,500 - 14,000 Ibs 14 1.75
>14,000 Ibs 1.9 2.3

* Proposed to be implemented on the same schedul e as the proposed gasoline engine and vehicle
exhaust emission standards. These proposed standards would not apply to medium-duty passenger
vehicles, and would not apply to diesel fueled vehicles.

** Does not apply to LPG or natural gas fueled HDVs.

These proposed standards represent more than a 50 percent reduction in the numericd standards asthey
exist today. The 2004 heavy-duty rule proposed no changesto the numerica vaue of the slandard, but
it did propose new evaporative emissiontest proceduresfor heavy-duty complete gasoline vehicles® Those
test procedureswould effectively increase the stringency of the standards, even though the numerica vaue
was nhot proposed to change. For establishing evaporative emission levels from complete heavy-duty
vehicles, the standards presume the test procedures proposed in the 2004 heavy-duty rule.

The proposed standards for 8,500 to 14,000 pound vehicles are consstent with the Tier 2 sandards for
medium-duty passenger vehides (MDPV). MDPVs are of consstent Sze and have essentidly identicd
evaporative emisson control systems as the remaining work-oriented HDV sinthe 8,500 to 10,000 pound
weight range. Therefore, the evaporative emission standards should be equivdent. EPA isproposing those
same standards for the 10,000 to 14,000 pound HDV's because, historicaly, the evaporative emission
standards have been consstent throughout the 8,500 to 14,000 pound weaght range. EPA believesthat the
HDV sinthe 10,000 to 14,000 pound range are essentialy equivaent inevaporative emissoncontrol system
design asthe lighter HDV's, therefore, continuing this historica gpproach is gppropriate.

EPA isproposing dightly higher evaporative emission standardsfor the over 14,000 pound HDV sbecause

®> The proposed test procedure changes sought to codify acommonly approved waiver
alowing heavy-duty gasoline vehicles to use the light-duty driving cycle for demondrating eveporative
emisson compliance. The urban dynamometer driving schedule (UDDS) used for heavy-duty vehicles
is somewhat shorter than that used for light-duty vehicles, both in terms of mileage covered and minutes
driven. Thisresultsin condgderably lesstime for canister purge under the heavy-duty procedure than
under the light-duty procedure. EPA recognizes this discrepancy and have routingly provided waivers
under the enhanced evaporative program that alow the use of the light-duty procedures for heavy-duty
certification testing. They do not believe that this gpproach impacts the stringency of the standards.
Further, it is congstent with CARB’ s treatment of equivaent vehicles.
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of their dightly larger fuel tanks and vehicle Szes. This is consstent with past evgporative emisson
standards. The levels chosen for the over 14,000 pound HDV's maintains the same ratio relative to the
8,500 to 14,000 pound HDVs as exigts with current evaporative standards. To clarify, the current
standards for the 3 day diurnd test are 3 and 4 grams/test for the 8,500 to 14,000 and the over 14,000
pound categories, respectively. Theratio of 3:4 is maintained for the proposed 2007 standards, 1.4:1.9.

Theproposed standards levels are dightly higher thanthe Cdifornia LEV -1l standardslevels. TheCdifornia
standards levels are 1.0 and 1.25 for the 3-day and the 2-day tests, respectively. EPA believes that its
gandards are appropriate for federd vehicles certified on the higher-voldtility federd test fud.

EPA s proposing that the evaporative emission standards be implemented on the same schedule as the
proposed gasoline engine and vehicle exhaust Sandards. Also, they are proposing the revised durability
provisons findized inthe Tier 2 rulemaking, which require durability demondration usng fud containing &
least 10 percent acohol. Alcohol can bresk down the materias used in evaporative emission control
sysems. Therefore, aworst case durability demongtration would include aworst case acohol level inthe
fud (10 percent) as some areas of the country use dcohol fuelsto improve their air quality.

7. Diesdl Fud Sulfur Standards

EPA is proposing to require that al highway diesdl fud produced or imported by refinersand importersbe
subject to amaximum sulfur level of 15 ppm by weight. There are five key factors which, when taken
together, lead EPA to propose that a diesdl fuel sulfur cap of 15 ppmisboth necessary to enable the NOx
and PM exhaust emission control technology (and thereby dlow the proposed emisson standards to be
met), and appropriate, taking into congderation the chalengesinvolved in providing low-sulfur fud. These
factors are the implications that sulfur levelsin excess of 15 ppm would have for the efficiency, rdidhility,
and fud economy impacts of the exhaust emissioncontrol systems, and the feasibility and costs of producing
low-sulfur diesd fud.

The efficiency of emisson control technologies a reducing harmful pollutantsis directly impacted by sulfur
indied fud. Initid and long term conversonefficendesfor NOx, NMHC, CO and diesel PM emissions
are dgnificantly reduced by catdyst poisoning and catalyst inhibition due to sulfur. NOx conversion
efficdencieswiththe NOx adsorber technology in particular are dramaticaly reduced inavery short time due
to sulfur poisoning of the NOx storage bed. In addition tota PM control efficiency is negatively impacted
by the formation of sulfate PM. The formation of sulfate PM is likely to be in excess of the totd PM
standard proposed today, unless diesdl fuel sulfur levels are below 15 ppm.

The rdiability of the emisson control technologies to continue to function as required under dl operating
conditions for the life of the vehide isa so directly impacted by sulfur in diesd fud. Sulfur in diesd fud can
prevent proper operationand regenerationof bothNOx and PM control technologies|eading to permanent
lossinemissioncontrol effectiveness and even catastrophic failure of the systems. EPA bdievesthat diesel
fud withaulfur leves lessthan 15 ppmwill be required to provide aleve of reiability for these technologies
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to dlow their introduction into the marketplace.

The sulfur content of diesd fud will aso affect the fud economy of vehicles equipped with NOx and PM
exhaust emission control technologies. NOXx adsorbers are expected to consume diesel fuel in order to
cleansethemsdlves of dored sulfates and maintain efficiency. The larger the amount of sulfur in diesd fud,
the greater thisimpact on fue economy. Assulfur levelsincrease above 15 ppm the fud economy impact
trangtions from merdy noticegble to levels most diesdl vehidle operators would consider unacceptable.
Likewise PM trap regeneration isinhibited by sulfur indiesd fud. Thisleadstoincreased PM loadinginthe
diesd particulatefilter, increased exhaust backpressure, and poorer fuel economy. Thusfor both NOx and
PM technologies the lower the fud sulfur leve the better the fuel economy of the vehicle.

As areault of these factors, EPA bdlieves that 15 ppm represents an upper threshold of diesdl fud suifur
levdsthat would make these technologiesviable, and istherefore proposing to cap in-use aulfur levesthere.
However, EPA has andyzed the impacts ontechnol ogy enablement, costs, and benefitsfrom contralling fuel
sulfur to a 15 ppm average leve with a 25 ppm cap, aswell asfrom cgpping fud sulfur a 5 ppm and 50
ppm. These levels have been put forward by various stakeholders as either necessary (in the case of a5
ppm cap) or adequate (in the case of a 50 ppm cgp) for enabling high-efficiency diesd exhaust emission
controls. EPA requests comment onthe appropriateleve of the highway diesel fud sulfur standard, and on
its assessment of aternative standards.

8. Timing of New Diesdl Sulfur Standard

Sincethe need for low-sulfur diesdl isdictated by theimplementation of new engine standards, the proposed
sulfur standard would become effective commensurate withthe introductionof the first heavy-duty engines
meeting the proposed standards. The phase-in of the engine standards is proposed to begin with the 2007
modd year. Since light-heavy-duty trucks might be introduced as early as January 2 of the previous
caendar year but are oftenintroduced beginning about July 1, EPA is proposing that dl highway diesdl fud
s0ld at retail stations and wholesale purchaser-consumers meet the proposed sulfur standard by June 1,
2006. EPA bdieves that this one month lead time will be sufficient to provide confidence that the fue
avalable for purchase on July 1 will comply with the proposed suifur cap. EPA is aso proposing that
highway diesel fud at the termind leve be required to meet the proposed sulfur standard asof May 1, 2006,
and that highway diesel fud produced by refiners (and imported) meet the proposed sulfur standard by April
1, 2006. EPA believestheseearlier compliancerequirementsat terminalsand refinerieswoul d be necessary
to provide an orderly transition to low-sulfur fud and to avoid the market disruptions that occurred when
the sulfur leve of diesd fue waslowered to 500 ppmin 1993 withonly aretail compliancedate. The three
months between April and July should dlow sufficient time for fue to move through the distribution system,
for exiding tankage to transitiondown to the lower suifur level that would be required. It would aso ensure
that dl fue is complying with the proposed sulfur standard and is available for use in heavy-duty engines
when 2007 model year engines are introduced to the market. EPA requests comment on this proposed
approach.
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9. Need For & Benefits of Proposal

Emissons fromheavy-duty vehides contribute greetly to the healthand welfare effects of ozone, PM, NOX,
SOx, and volatile organic compounds (V OCs), including toxic compounds such as formadehyde. These
adverse effects include premature mortdity, aggravation of respiratory and cardiovascular disease (as
indicated by increased hospita admissions and emergency room visits, school absences, work loss days,
and redtricted activity days), changes in lung functionand increased respiratory symptoms, changesto lung
tissues and structures, dtered respiratory defense mechanisms, chronic bronchitis, and decreased lung
function. Ozone aso causes crop and forestry losses, while PM aso causes damage to materids, and
s0iling. Second, both NOx and PM contribute to substantia visibility impairment in many partsof the U.S.
Third, NOx emissions fromheavy-duty trucks contribute to the acidification, nitrificationand eutrophication
of water bodies.

Millions of Americans live in areas with unhedthful ar qudity that currently endangers public health and
welfare. Without emission reductions from the proposed standards for heavy-duty vehicles, there is a
sgnificant risk that an appreciable number of areas across the country will violatethe 1-hour ozone nationd
anbient ar qudity standard (NAAQS) during the period when these standards will take effect.
Furthermore, EPA’s analyss shows that PM,, concentrations in 10 areas with a combined population of
27 million people face a sgnificant risk of exceeding the PM,, NAAQS without sgnificant additiond
controlsin 2007 or theresfter.

Urban areas, which include many poorer neighborhoods, can be disproportionately impacted by HDV
emissions, and these neighborhoods would thus receive ardatively larger portion of the benefits expected
from new HDV emissons controls. Over time, the relative contribution of diesel engines to air quaity
problems will go even higher if diesdl -equi pped light-duty vehicles become more popular, asis expected by
some automobile manufacturers.

Inadditionto itscontributionto PM inventories, diesel exhaust PM is of specia concernbecauseit hasbeen
implicated in an increased risk of lung cancer and respiratory disease in human sudies. The EPA draft
Hedlth Assessment Document for Diesd Emissonsis currently being revised based on commentsreceived
from the Clean Air Sdentific Advisory Committee (CASAC) of EPA’s Science Advisory Board. The
current EPA position isthat diesdl exhaust isalikely human carcinogen and that this cancer hazard applies
to environmental leves of exposure.® In the draft Health Assessment Document for Diesdl Emissions, EPA
provided aquditative perspective that the upper bounds on environmental cancer risks may exceed 10 and
could be as high as 103, Several other agencies and governing bodies have designated diesd exhaust or
diesd PM asa“potentia” or “probable’ human carcinogen.  In addition, diesel PM poses nonmaignant

® Environmenta Protection Agency (1999) Health Assessment Document for Diesd Emissions:
SAB Review Draft. EPA/600/8-90/057D Office of Research and Development, Washington, D.C.
The document is available eectronicaly at www.epagov/ncealdiesd.htm
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respiratory hazards to humans, not unlike, in some respects, hazards from exposure to ambient PM,, 5, to
which diesd PM contributes.

a. NOx Emissions
Heavy-duty vehicles are important contributors to the nationa inventories of NOx emissons, and they
contribute moderately to national VOC pollution. HDV's are expected to contribute approximately 15

percent of annua NOx emissionsin 2007.

2007 Heavy-Duty Vehicle Contribution to Urban NOx Inventories

Metropolitan Statistical Area Portion of Tota | Portion of Mobile
NOX Source NOx
National 15% 29%
Albugquerque 25% 38%
Atlanta 23% 36%
San Francisco 23% 29%
Spokane 23% 29%
Sedttle 22% 26%
Ddlas 22% 28%
Charlotte 21% 34%
Washington 20% 37%
Los Angeles 20% 26%
San Antonio 20% 31%
New York 19% 30%
Miami 18% 23%
Phoenix 18% 28%
Philaddphia 18% 30%
Clevdand 17% 30%
. Louis 16% 34%

The contribution of heavy-duty vehiclesto NOXx inventoriesinmany M SAsissgnificantly greater than that

reflected in the nationd average. For example, HDV contributions to NOx in Albuquerque, Atlanta, San
Francisco, Spokane, Sedttle, and Dallas are projected to be 22 to 25 percent of the M SA-specific
inventories in 2007, which is sgnificantly higher than the nationd average.

The Agency expects substantial NOXx reductions on both a percentage and a tonnage bads from this
proposal. Asillugtrated in the following graph, the air qudity benefit expected from this proposd is a
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reduction in NOx emissions from HDV's of 2.0 million tons in 2020.” The Figure shows EPA’s nationa
projections of total NOx emissonswithand without the proposed engine controls. The proposed standards
should result in about a 90 percent reduction in NOx from new engines®

Figurell.D-1: Projected Nationwide Heavy-Duty Vehicle NOx Emissions
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b. PM Emissions

Nationdly, EPA estimates primary emissons of PM, to be about 33.2 million tons/year in2007. Fugitive
dust, other miscellaneous sources and crustal materia (wind erosion) comprise gpproximately 90 percent
of the 2007 PM, inventory. However, there is evidence from ambient studies that emissions of these
materiads may be overestimated and/or that once emitted they have less of an influence on monitored PM
concentrationthanthisinventory sharewould suggest. Mobile sources account for 24 percent of the PM
inventory (exd uding the contribution of miscdlaneous and natura sources) and highway heavy-duty engines
account for 14 percent of the mobile source portion of nationa PM ;o emissions.

" The basdline used for this calculaion is the 2004 HDV standards (64 FR 58472). These
reductions are in addition to the NOx emissions reductions projected to result from the 2004 HDV
standards.

8 EPA includesin the NOx projections excess emissions that were emitted from many mode
year 1988-98 diesal engines.
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The contribution of heavy-duty vehicle emissons to total PM emissions in some metropolitan aress is
subgtantidly higher than the nationd average. Thisisnot surprisng, given the high dengity of these engines
operating in these areas. For example, in Albuquerque, RAttsourgh, St. Louis, and Atlanta, the estimated
2007 highway heavy-duty vehicle contribution to mobile source PM,, ranges from 16 to 21 percent, and
the nationa percent contribution to mobile sources for 2007 is projected to be about 14 percent. As
illustrated below, heavy-duty vehicles operated Washington, Fairbanks, Billings, and Detroit also account
for adightly higher portion of the mobile source PM inventory thanthe nationd average. Importantly, these
estimates do not include the contribution from secondary PM which is an important component of diesel
PM.

2007 Heavy-Duty Vehicle Contribution to Urban M obile Source PM Inventories

Metropolitan Statistical Area PM, Contribution
from HDVs
National 14%
Albuquerque 21%
Rittsburgh 18%
S. Louis 17%
Atlanta 16%
Washington 15%
Fairbanks 15%
Billings 15%
Detroit 15%

In addition to the nationd inventories, investigations have been conducted in certain urban areas which
provide information about the contribution of HD diesdl vehicles and engines to ambient PM, 5
concentrations. Thisis particularly relevant as diesel PM, for the most part, is composed of fine particles
under 2.5 microns.

The city-gpecific emisson inventory analysis and independent investigations of ambient PM, s summarized
hereindicatethat the contribution of diesel enginesto PM inventoriesinsevera urbanareas around the U.S.
is much higher than indicated by the nationd PM emission inventories only. One possible explanation for
thisis the concentrated use of diesdl enginesin certain loca or regiond areas whichisnot wel represented
by the nationd, yearly average presented in nationa PM emission inventories. Another reason may be
underestimationof thein-usediesel PM emissonrates. EPA’s current modding incorporates deterioration
only as would be experienced in properly maintained, untampered vehicles.

Moreover, heavy-duty vehicleswill have amoreimportant contributing roleinambient PM, 5 concentrations
than in ambient PM,, concentrations. In addition, the absolute contribution from heavy-duty vehicles is
larger in rdaionship to the numericdly lower PM,, 5 standard, making them more important to attainment
and maintenance.
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The Figure below shows EPA’s nationd projections of total HDV PM emissions with and without the
proposed engine controls. Thisfigureincudes crankcase emissions and the direct sulfate PM benefits due
to the use of low sulfur fud by the existing fleet. These direct sulfate PM benefits fromthe exiding fleet are
aso graphed separately. The proposed standards should result in about a 90 percent reduction in total PM
from new engines. The proposed low sulfur fud should result in about a 95 percent reduction in direct
sulfate PM from pre-2007 engines. Dueto complexities of the conversion and removal processes of sulfur
dioxide, EPA does not attempt to quantify the indirect sulfate reductions that would be derived from this
rulemeking. Nevertheess, the Agency bdieves that these indirect sulfate PM reductions are likely to
contribute sgnificant additiona benefits to public hedlth and welfare. The air qudity benefit of the new PM
standards and low sulfur diesel fud as presented in the Figure indicate an 83,000 tondirect PM reduction
in 2020.

Figurell.D-2: Projected Nationwide Heavy-Duty Vehicle PM Emissions
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C. NMHC Reductions

The Fgure below shows EPA’s nationd projections of total NMHC emissions with and without the
proposed engine controls. This includesboth exhaust emissons and evaporative emissons. As presented
in the Figure, the Agency projects a reduction of 230,000 tons of NMHC in 2020 due to the proposed
standards.
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Figurell.D-3: Projected Nationwide Heavy-Duty Vehicle NMHC Emissons
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d. Additional Emissions Benefits
I, CO Reductions
The Table below presents the projected reductionsin CO emissions from HDVs.

Estimated Reductionsin CO

Caendar Year CO Bendfit
[thousand short tong)
2007 71
2010 405
2015 911
2020 1,250
2030 1,640
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. SOx Reductions
The Table below presents EPAs estimates of SOx reductions resulting from the proposed low sulfur fud.

Estimated Reductions|n SOx Due To Low Sulfur Fud

Caendar Year SOx Benefit [thousand short tong]
2007 101
2010 106
2015 115
2020 124
2030 139
ii. Air Toxics Reductions

The proposal establishes new hydrocarbon and formaldehyde standards for heavy-duty vehicles.
Hydrocarbons are abroad class of chemica compounds containing carbon and hydrogen. Many forms of
hydrocarbons, such as formadehyde, are directly hazardous and contributeto whet are collectively called
“artoxics” Airtoxicsare pollutantsknown to cause or suspected of causing cancer or other serious human
hedlth effects or ecosystem damage. The Agency has identified as least 20 compounds emitted from on-
road gasoline vehicles that have toxicologica potentia, 19 of which are emitted by diesdl vehiclesas wdll
asanadditiona 20 compounds whichhave beenlisted astoxic ar contaminantsby Cdifornia ARB.?%° This
proposal aso seeks to reduce emissions of diesd exhaust and diesdl particulate matter.

EPA’ sassessment of heavy-duty vehide (gasolineand diesdl) ar toxicsfocuses on the following compounds
with cancer potency edimates that have dgnificant emissons from heavy-duty vehicles. benzene,
formaldehyde, acetaldehyde, and 1,3-butadiene. These compounds are an important, but limited, subset
of the total number of ar toxics that exist in exhaust and evaporative emissons from heavy-duty vehicles.
Thereductionsinair toxics quantified inthis sectionrepresent only afraction of the total number and amount
of air toxics reductions expected from the proposed new hydrocarbon standards.

° Nationd Air Quality and Emissions Trends Report, 1997, (EPA 1998), p. 74.

10 Cdifornia Environmental Protection Agency (1998) Report to the Air Resources Board on
the Proposed Identification of Diesd Exhaust asa Toxic Air Contaminant. Appendix I11, Part A:
Exposure Assessment. April 1998.
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For this analyss EPA edimates that air toxic emissons are a congant fraction of hydrocarbon exhaust
emissons. Because air toxics are a subset of hydrocarbons, and new emission controls are not expected

to preferentialy control one type of ar toxic over another, the selected air toxics chosenfor thisandydsare
expected to decline by the same percentage amount as hydrocarbon exhaust emissons. The Table below
shows the estimated air toxics reductions associated with the anticipated reductionsin hydrocarbons.

Estimated ReductionsIn Air Toxics (short tons)

Calendar Year Benzene Formadehyde Acetddehyde 1,3-Butadiene
2007 153 831 318 65
2010 932 4,750 1,870 382
2015 2,080 11,400 4,460 909
2020 2,780 15,800 6,120 1,250
2030 3,510 20,500 7,850 1,600

10. Heavy Duty Control Technology

Severa exhaust emission control devices have been devel oped to control harmful diesel PM condtituents--
the diesdl oxidation catdyst (DOC), and the many forms of particulate filters, or traps. DOCs have been
shown to be durable in use, but they control only a reaivey smdl fraction of the total PM and,
consequently, do not address EPAs PM concerns sufficiently.  Uncatadlyzed diesd particulate traps
demondtrated high efficiencies many years ago, but the level of the PM standard was such that it could be
met through lesscostly “in-cylinder” control techniques. Catayzed diesdl particulatetrapshavethe potentia
to provide mgor reductionsin diessl PM emissions and provide the durability and dependability required
for diesd gpplications. Therefore, at this time EPA believes the catalyzed PM trap will be the control
technology of choicefor future control of diessl PM emissions. However, EPA believesthat catadyzed PM
trgps cannot be brought to market on diesdl gpplications unless low-sulfur diesd fud isavailable.

Diesd NOx contral is arguably at an earlier stage of development than is diesd PM control. Even so,
severa exhaust emission control technologies are being developed to control NOx emissions, and the
industry seems focused on a couple of these as the most promising technologies for enabling lower NOx
emissonstandards. Diesel sdlective catalytic reduction, or SCR, has been devel oped to the point of nearing
market introductionin Europe. SCR has sgnificant NOx control potentid, but it also has many roadblocks
to marketability in this country. These roadblocks include infrastructure issues that EPA believes would
prove exceedingly difficuit and potentidly costly to overcome. Because of that, EPA believesthat the NOx
adsorber isthe best technology for ddivering Sgnificant diesel NOx reductions while aso providing market
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and operating characteristics necessary for the U.S. market.!* However, the NOx adsorber, like the
catayzed PM trap, cannot be brought to market on diesdl applications unless low-sulfur diesdl fud is
available.

Improvements have a so been made to gasoline emission control technology during the past few years, even
the past 12 months. Suchimprovementsincludethoseto catdyst designsin theform of improved washcoats
and improved precious metd disperson. Much effort hasa so been put into improved cold start strategies
that dlow for more rapid catalyst light-off. This can be done by retarding the spark timing to increase the
temperature of the exhaust gases, and by usng air-gap manifolds, exhaust pipes, and cataytic converter
shells to decrease heat |oss from the system.

These improvements to gasoline emisson control have been made in response to the Cdifornia LEV-I|
standardsand the federa Tier 2 sandards. Some of this development work was contributed by EPA ina
very short timeframe and with very limited resources in support of its Tier 2 program. Theseimprovements
should transfer well to the heavy-duty gasoline segment of the fleet. With such migration of light-duty
technology to heavy-duty vehidesand engines, EPA believesthat consderable improvementsto heavy-duty
emissons can be redized, thus enabling much more stringent standards.

11. Emission Control Syssemsfor 2007 and Net Fuel Economy | mpacts

EPA anticipatesthat, in order to meet the stringent NOx and PM emission standards proposed today, the
manufacturers would integrate engine-based emission control technologies and post-combustion emission
control technologiesinto asngle systems-based approach that would fundamentally shift hitoric trade-offs
between emissions control and fuel economy. Individua components in this system would introduce new
congraints and opportunitiesfor improvementsinfud efficent control of emissons. Having consdered the
many opportunities to fundamentally improve these relationships, EPA beieves that it is unlikdy that fue
economy will be lower than today’ s levels and, in fact, may improve through the gpplication of these new
technologies and this new systems gpproach. Therefore, for its andysis of economic impacts, no pendty
or benefit for changesto fud economy are conddered. EPA requests comment onits analysis of the likely
fud economy offsets of the NOx and PM emission control technologies that would be needed in order to
meet today’ s proposed standards.

12. Futur e Reassessment of Diesel NOx Control Technology
EPA is congdering conducting a future reassessment of diesel NOx control technol ogiesand associ ated fuel

sulfur requirements, and requests comment on the need for such areassessment. Given the relative date
of development of NOx emission control technology versus PM and NMHC control technologies, EPA

11 The NOx adsorber was originally developed for stationary source emission control and was
subsequently developed for use in the lean operating environment of gasoline direct injection engines.
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would expect to focus the control technology reassessment solely on NOx control technologies. They
believe that the clear intent of this proposa to provide low-sulfur diesdl fuel will dlow the development of
this technology to progress rgpidly, and will result in systems capable of achieving the proposed standards.
However, they acknowledge that the proposed NOXx standard represents an amhbitious target for this
technology, and that the degree of uncertainty surrounding the feeshbility of high-efficiency NOx control
technology would be higher if fud sulfur levels higher than the proposed level were adopted. They dso
recognize that technology evolution may affect the sulfur level at which these technologies are enabled.

Therefore, they are evduaing whether or not the proposed program could benefit from a future
reassessment of the control effectiveness of diesd NOx exhaust emission control technologies and
associated fud sulfur requirements. They would expect to conduct such a reassessment in the 2003
timeframe. They dso welcome comment on the extent to which areview of NOx control technology should
aso incdlude a review of the appropriate diesdl fud aulfur levd for enabling the NOx control technology,
including consderation of impactsthat arevised fud requirement would have on PM control technology.
Another possible area for consideration during the reassessment could be non-conformance pendties
(NCPs) and the role they might play in this program. NCPswould alow engine manufacturersto produce
and sdl noncomplying engines under limited circumstances in exchange for paying a pendty to the
governmert.

13. Encouraging I nnovative Technologies

EPA dso encourages comments onapproachesthat could provide increased incentivesfor the devel opment
and introduction of clean advanced engine technologies. Some such agpproaches have been suggested by
stakeholders or have been a part of other EPA rules. One of these would be to develop a program for
providing a specia designation for engines or vehides that are significantly below the standards or use
specific innovative propulsion technologies. EPA findized suchadesgnation, the “Blue Sky SeriesEngine’
program, asapart of the 1998 nonroad diesel standards find rule. Incorporating suchadesignationcould
be very vaduable for use in programs devel oped by states, municipdities, or corporations to highlight or
reward the purchase and use of especidly cleanor innovative vehiclesand engines. EPA requests comment
onhow it might tructure a program like the “Blue Sky Series’ program in the context of today’ s proposd,
including what criteriathey should use to qudify an engine or vehicles for such adesgnation.
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