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CHAPTER' 1

INTRODUCTION

I. Organizacion

As required by Execucive Order 12291, chis document has
been prepared to summarize the resules of all analyses
conducted in support of the final rule for gaseous emission
regqulations for 1988 and lacer model year light-ducy vehlcles,
light-dury crucks, and heavy-duty engines and for particulace
emisaion reguiations for 1988 and later medel year heavy-duty
diesel engines. In addicion, this document als¢o provides a
summary and analysis of most of che comments received 1in
response co the MNotice o©of Proposed Rulemaking (49 FR 40258
October 15, 1984). Included here 1is a consideration of the
technological feaaibilicy, economic impace, environmencal
effacts and cogt effecriveness of che standards along with the
davelopment of data on the impacts of several regqulatory
alternacives, The vremaining issues raised by commencers cto
this rulemaking are reviewed and responded to in che preamble.
Thege 1nclude che proposed averaging program, allowable
maintenance provisions and high alticude standards. The oxides
of nicrogen (NOx) environmental impact analysls concained in
this documenc aiso derves as the NOx pollutant-specific study
required by Section 202{a)({3}({E) of the Clean Air Acrt.

The matertal presented in this document deals primarily
wich those areas of the drafr Regulacory Impact Analysis=-[1Ll]
which were the subject of public comment. Areas of analysis
which were not commented upon are repeaced here only whers
needed to aid the underscanding of material being revised. The
draft analysis is therefore incorporaced inco this document hy
reference for treatment of topies not specifically re-~addressed

herein.

II. Background of the Regulacions

A, Clean Air Act Requirements

The Clean Air Ac¢t Amendmencs of 1977 created a stacutory
heavy~ducty vehicle (HDV) class and escablished mandacory
emissions reductions for chac class., Under cthe language of the
amendments, all vehicles over 5,000 lbs gross veshicle weighc
(GVW)} were defined as "heavy ducy” and were required to achlievae
a 75 percent reduccion in NOx emissions from uncontroitel
levels, effecrnive wich the 1985 model year.

The Act made no specific provisions for Lighco=ducry trunks
(LDTs), which at chat cime only encompassed LDTs becween 0 anl
6,000 ibs GVW {light LDTs). Thase LDTs werz regulaced by EPA
as a separate class under rthe general authoricy of the Clean
Air Act. Beginning with the 1979 model year, EPA expanded i.is
standards for the LDT class co 8,500 Lbs GVW, thus encompassing
those heavy LD?Ts (6,001 cto 8,500 Lbs GVW) which are subject t9
the heavy-ducy vehicle provisions mentioned above,
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The Act also authorizes the Adminiscracor to temporarily
esgtablish revised NOx standards for heavy-duty enginea if the
statugory scandardas cannot be achieved without increasing cost
or decreasing fuel economy to an "excessive and unreasonable
degree."[2] The new heavy-duty engine NOx standards in chis
document Aare being promulgaced under these provisions of the

Act.

The amendments of 1977 also require che '"greatest degree
of [particulate] emissions reducclion achievable," given the
availabilicy of control <cechnology and considering cosc,
Leadtime and energy impacts.[3] These reductions were to begin
in the 1981 model year. Although not specifically limited as
to applicability in the language of the Amendments of 1977, ic
was recognized that the requiremenc was aimed atc diesel
engines, The heavy-duty diesel engine (HDDE} parciculate
standards in this rulemaking are based on this authoricy.

B. Regulatory Hiscory

The first NOx standards antedated the amendments of L977.
Prior to the 1275 model year, LDTs complied with the 3.0 g/mi
NOx standard that had been established two years earlier for
LDVa, Wich the splicrclng off of the LDT class for the L1275
model year, LDTs were tequired cto meet a NOX scandard of 3.i
g/mi, comparable in scringency to the LDV standard. Heavy-duty
engines (HDEa) had no separate NOx scandard until cthe 1985
model year, however, cthere have been combined hydrocarbon (HC)
+ NOx scandards in place for #DEs since che 1974 model year,

The current NOx scandard for 1979 and later model year
LbTa is 2.3 g/mi, comparable in stringency te the 2.0 g/mi
standard established for LDVs of that year, Beginning in 1979,
the LDT class was expanded to include vehicles between 6,001
and 8,500 Lbs GVW, The current NOx standard for HDEs is 0.7

' q/BHP-hr, esctablished originally for cthe L1984 model year, 'wuc

lacter made opeional uncil the 1985 model year.

Turning now to more recenc accions, an Advanced Notice of
Proposed Rulemaking (ANPRM) was promulgaced for LDT and HDE NOx
emissions in January of 1981 (46 FR 5838), Standards of t.2
grams per mile for LDTs and 4.0 g/BHP~hr for HDEsS were
suggested effective for che 1985 and 1986 model vyears,
reapactively. These standards did not correspond ta cthe
stacutory 75 percent reducction as noced above, but were
proposed because they Were comparable in stringency to che
existing 1.0 g/mi LDV NOx scandard in che case of LDTs and
because they reaepresenced whact EPA helieved at chat time to he
the lowest praccicabhle standard given the available technology

in the case of HDEs.
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The Ffirac diesel parciculate standards were established
for LDVs and LDTs, effective beginning with the 198F model
year. A standard of 0.60 g/mi was established for boch LDVs
and LDTs, representing an achievable Level for the (then)
availabla technology. More stringent standards (ac 0.26 for
LDTs, and 0.20 for LDVs) were also promulgated effective
beginning with the 1985 model year, but these have been delayed
and will now bae effective for the L1987 model year (49 FR 3010,
January 24, 1984). For HDDEs, a Notice of Proposed Rulemaking
(NPRM) was published in January, ' 1981 (46 FR 1910) which
proposed a standard of 0.25 g/BHP-hr for 1986 and later nmodel

years,

Because of the related technical issues that were raised
during the comment periods £for both the NOx ANPRM and che
particulate NPRY and the interrelacionship between NOX and
particulate emissions, EPA decided to issue a combined NPR{ to
address these issues to insure that manufacturers cgould direcc
their efforts ac meecing a unified set of emission standards.
The Nortice of Proposed Rulemaking was published on October 15,
L1984 (49 PR 40258), This final rule, preceeded by public
hearings and a public comment period, completes the rulemaking

process.

I1l. Description of the Action

A, New £missions Standards

This rulemaking contains new low-altictude NOXx sctandards
for LDTs and HDEs, new low=-altitude particulate standards for
HDDEs and new high-alticude idle CO, NOx and particulate
standards for LDTs. For 1988 and later model years, the NOx
standard for LDPs is L1.2 g/mi for LDTs up co and including
3,750 Llbhs leaded-vehicle weighe. The standard for 1988 and
later model year LDTs over the ahove weighc limic {8 1.7 g/mi.
A gcaged NOx svandard is established for HDEs to allow Leadtime
for furcher developmenc of control technology. The NOx
standard for 1988-90 model year HDEs {s 8.0 g/BHP-hr,
rapresencing a level rthac {s achievable given the available
leadtuime for engines currencly 1in produccion, with a more
astringent standard of 5.0 g/BHP-hr effective for 1991 and later

model year engines,

A three~phased parciculate standard i{s escahlished for
HDDEs. Model year L|988-90 HDDEgs will meer a standard of 0,80
g/BHP=hr. For 1991-93 model years, urban bus engines will
comply wicth a standard of 0.10 g/BHP-hr, while the remaining
HDDEs will meet a scandard of 0,25 g/BHP-hr., Both of these
1991 standards willi lLikely require the use of trap oxidizers on
a majoricy of applicaciens, Thig will be followed by the cthird
phase, when all 1994 and lacer model year HDDEs will compLy
with the 0.L0 g/BHP-hr svandard.
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Finally, certain new  high altitude scandards are
established for lighc-duty ctrucks. NOx standards equal to the
1.2 g/mi and 1.7 g/mi low=-altitude standards are established,
aleng with an idle CO standard of 0.50 percent of exhaust gas
flow at idle (gasoline-fuelad light-duty crucks only) and a
particulate standard of 0.26 g/mi (diesel light-duty trucks

only).
B. Parciculace and NOx Averaging

With this rulemaking, particulate averaging will be
afforded to manufacturers. of 199L and larer model year HDDEs.
However, rthey will not bhe allowed to average HDDEsS with LDDTs
or LDDVs if the manufaccurer's product line also includes these
vahicle cypes. Similarly, averaging California engines wich
engines intended for sale in non=California areas will not be
permicced, although averaging within each of these areas is
allowed. Urban buses will bhe excluded from the particulate
averaging program to insure cthe maximum reduction in urban
particulate emissions., ®Because HDDE standards are exprassed in
mass per unic of work {(g/BHP-hr) rather than mass per unic of
distance cravelled (g/mi) and because HODEs are divided into
subclasses with widely varying useful Llife periods, averaging
will be limited o within each of the exiscing subclasses
{light~, medium-, and heavy-heavy duty) and che ecalculacion of
average patticulate emissions musct include weighting factors
for brake horsepower as wekl as for production volunme,

NOx averaging has been established for 1991 and lacer
model year HDEs and is similar ro the parciculate averaging
program, with the following exceptions. The NOx averaging
program is restricced by fuel cype, with gasoline-fueled and
diesel engines complying with che standard by separace
averages. For HDDEs, the averaging is reatricted by engine
aubeclass (lighc, medium, anAd heavy); however, gascline-fuesled
HDEs have no such restricrion. Also, urbhan buses excluded from
particuktate averaging may be included in che NOx averaging

program for aLl HDEs.

Finally, NOx averaqging for light=-durty  trucks is
established beginning in 1988. T™is program is patcerned
closely after those esatablished for heavy-ducty engines and che
exigruing Llight-ducty diesel averaging program. Further decails
for both the NOx and parcticulate averaging programs are
outlined in cthe preamble and included in the revised

regulations.

C. New Allowable Maincenance Requlacions

Te allowable maintenance provisions propoged have been
recained largely unchanged. The concept of emission~ and
non-emission-reklacted maintenance has been excended from LD7s
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and HDEs to encompass LDVs as well. Maintenance intervals have
been changed, including revisiona to the proposed intcervals, as
outlined in the preamble. Manufaccurers will be required to
demonstrate the likelihood of in-use performance for cercain
critical emission-related maintenance,

D. Test Procedure Revisions

The heavy-duty engine teat procedures have been revised to
incorporate particulate test procedures. These include changes
in reaponse to comments along with octher minor correccions, as
outlined in the preamble to the final rule. :

IV. List of Commencters

The following individuals, organizaciona, public
authoricies and manufacturers submitcted wriccen comment in
reaponse to che NPRM (49 FR 40258). This 1list containg only
thodse commencs received by January 4, 1985. Commencs received
afeer that date, althocugh not specificaliy identified here,
have also been incorporaced fully incto EPA's analyses along

with chose ligted,

1, Adair, Holiday, Akron, oOH

2. American Aucomobile Asaociacion

3. American Honda Yovor Company

4. American Lung Agsociaction

5. American Lung Association. of Berks Councy (PA)
. 6. American Lung Associacion of Deleware/Chester

Counties (PA)

7. American Lung Association of Florida

8. Ameriean Lung Association of New Jersey

9, American Lung Association of Western Missouri

10. American “otors Corporacion (AvG)

11. American Publiec Transic Associacion

12, Arent, Fox, Kinter, Plotkin & Kahn for “1EMA
13, Arizona Lung Assoc.

14. Audubon Soclety of oOhio

15, Aucomobile Importers of America

i6. Bass, Jean, Ross, CA

17. Baughwan, Jon, Bedford Hgts., 0OH

18, Baumgarten, Sam, Bridgewacer, MA

19. Bergen County (NJ) Audubon Sociecy

20. Bickford, Isabel, Williamsville, NY

21, Biesterfeld, Cachy, Homewood, IL

22, Bradman, Asa, Rossa, CA

23. Brenner, Jeff, New Brunswick, NJ

24, Brown, Bruce and Sharon, Chicago, IL

25. Brown, Paul M., Sun Olympiad 'B80

26. Burchard, Ann, Robert and Rachel, Cagonsville, D
27. California Air Resources Board

28. California Depr of Justice
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29,
30.
31.
a2,
33.
34,
35,
38.
37.
an.
dg.
40.
4L1.
42,
43,
44.
45,
46,
47.
48,
49,
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.
6L,
62.
63,
64,
65.
66,
G7.
68.
69.
70.

7L,
72,
73.
74.
75.
6.
77.
78.
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Callan, Ida, Vienna, OH
Cape Henry Audubon Sociecy ;
Capital Discriec Transportation Authoricy ;
Caterplllar Tractor Company |
Chemel, Bonnie, Evans Cicy, PA i
Chicago Transit Authority :
Chrysler Corporatcion

Ciak, Josephine, North Arlington, NJ

Ciark County (NV) Health Discrict

Coalition for Clean Air ;
Coalition for cthe Environment :
Colorado Department of Health

Connaughton, Ruth K.

Cummins Engine Company

Delaware Valley Cicizens Council for Clean Air
Delello, Michael, Saranac Lake, NY

Dilion, Mary, Eilma, NY

Dolinka, Marvin & Toby, Grand Rapids, ML . |
Baset Michigan Environmental accion Council :
El Paso Clean Air Coalicion

Environmental Alcernacives, Inc,

Faulconer, Mrs. James H., Strasburg, VA

Fisher, C. Donald, Muncy, PA

Ford “otor Company

Pox, Warren, Linwood, NJ

Gardiner, Jeffrey, Schenectady, NY

General Motors Corparation (GM)

Geymer, Christine, Oak Park, IL

Gordon, Robin, Greac Neck, NY

Greater Cleveland Regicnal Transic Authoricy

Grenfo, Louise, Crossville, TN

Group Against Smog and Pollucion

Hamileon, James, Cleveland, OH

Hawarcth, Terrie, E. firand Rapids, MI

Holmes, David, Clarion, PA

Humphreys, Retsy, Morgantown, WV

Huger, Bill, So. Sioux Cicy, NE

Internationai Harvescer Company (IHQ)

Isker, C., Buffalo, NY

Iwanik, Mike, Richmond, VA

Jaguar Cars Inc.

Jenner & Block for Engine “anufacturers Assoclacion
{BMA)

Joan Katz Productions

Johnson, Dawvid, Pueblo, CA

Jonhnson, Nina, Boulder, CO

Johnson, Rose “ary, Loulsville, KY

Kemp, Katherine, Chicago Heights, IL

Kulakowski, Lois, Tucson, AZ

LTV Aercspace and Defense Company

League of Women Voters of che Clemson Area
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79.
BO.
al.
g82.
83.
84,
85,
86.
87.
84.
89.
90.
91.
92.
93.
94,
95.
96,
97.
98,
99.
100.
LOL.
Lo2,
103,
104.
L0s.
106,
107.
108.
109.
L10.
Lli.
112,
L13.
114,
LL5.
LL6.
L17.
118.
119,
120,
121.
122,
123,
124,
125,

126,

127,
128.
129,
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League of Women Voters of the Pittsburgh Area
Lewis, Nana, Larkapur, CA

Love, Jchn, Boulder, CO

Mack Trucks Ine.

Mannchen, Brandt, Houston, TX

Mansall, Gerda, Lancaster, NY

Manufacturers of Emission Controls Asaoc.
YMassachusetta Department of Env, Quality Engineering
Mazda (North America)

McCarty, Donna, Indianapolis, IN

MoGulire Clinie

Mercedea~Benz Truck Co.

*feyer, Archur, Akron, PA

Motor and Equipment Manufacturers Association
Motor Vehicles Manufacturers Association (MWMA)
Mueller, Catherine & Bdwin, Buffalc, NY
Muecing, Ann, Plymouth, MN

Murkeloff, Robert, Houston, TX

NJ Transic Bus Operacions

Natural Resources Defense Counsel (NRDC)

New Jersey Department of Environmental Protection
New Mexico Environmental Improvement Division
Newberry, Wikliam, Grand Rapids, MI

Nissan Research & Development

Oakes, Margaret, Bouider, CO

Oregon Department of Environmental Qualicy
Oscerpard, Elsie, Grand Rapids, M1

Otcer Creek Audubon Chapter

PACCAR Inc.

Pectic, Marie, Harrisonburg, VA

Rhode Island Deparcment of Environmental Managemenc
Richmeond (VA) Audubon Sociecy

Rollg-Royce Yotors

Rosche, Olga, Souch Waies,NY

Rosa, GM., Lowell, MI

STAPPA/ALAPCO

Saab-Scanlia of America

Schiffirch, Anne & Jim, Piccshurgh, PA
Schoenfeld, Josephine, Grand Island

Sherman, L. Ann, Schaumburg, IL

Shutter, S5.L.

Simpson, Robert, Fliine, MI

Smith, Berctha, Grand Rapids, "I

Souch Coasc Air Qualicy Management Discrice
Southern California Rapid Transit Discriec
St. Cloud Area Environmencal Council

Storgul, Pauline, Chicagn, IL

Tonaech, Phebe, Cumberland Foreside, ME
Toyota Technical Cencer, USA

17.5. Deparctment of Energy

U.S5. DOT, Urban YMass Transit Adminisctracion
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130,
131.
132,
133,
134,
135,
136.
137.
138.
139,

140.
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VIA Mecropolitan Transic

Volkswagen of America

Volvo~North American Car QOperations

Volvo Whice Truck Corporation

Voivo of America Corporation = Bug Division
Washington State Department of Transportacion
Wedow, Nancy, Palacine, IL

West Michigan Environmental Action Council
White Lung Associacion

willard, Dwight, Albany, CA

Willlams, Mark, San Francisco, CA
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CHAPTER 2
TECHNOLOGICAL FEASIBILITY

I. Introduction

This chapter analyzes the technical feasibility and the
leadtime requirements of the final 1988 and later model year
light-duty truck (LDT) standards for oxides of nitrogen (NOx)
emissions and the final heavy-duty engine (HDE) standards for
NOx and particulate emissions for the 1988, 1991 and 1994 and
later model years. Structurally, the chapter is divided into
three primary sections with the LDT analysis appearing flrst
followed by the analyses for heavy-duty gasoline engines (HDGE)
and heavy-duty diesel engines (HDDE), Each primary section of
the chapter begins with an overview of the material presented
in the technoleogical Ffeasibility analyses included in the
“Draft Regqulatory Impact Analysis and Oxides of Nitrogen
Pollutant Specific Study."(l] The overview is followed hy a
summary and analysis of the comments, by issue, received in
response to the proposed standards. Comments from
environmental groups and private citizens, which addressed the
stringency of the proposed standards and associated leadtime
requirements, were based largely on legal intrepretations of
the requirements of the Clean Air Act and as such, these
comments are addressed in the Preamble to the FRM. Conclusions
regarding the issues ratsed in the comments constitute the
final subsection of each primary section and, where necessary,
show the changes in the technological feasibility analyses

resulting £rom the comments.

IIL. ﬁight Duty Trucks (LDTs)

A. Synopsis of NPRM Analysis

The specific details concerning the methodology used to
determine the feasibility of the proposed standards will not be
repeated here, but can be feound in the draft analysis. In
brief summary, the methodology involved first estimating the
low mileage emission target level (LMT) associated with the
1987 emission standards under consideration. (The LMT
represents a level below the emission standard ak which
manufacturers must calibrate their emission control systems o>
account for test-to-test variability, production line emission
variability and 1in-use emission deterioration). Using *he
calculated LMT and emission certification data for 1984, tre
emission reduction necessary to coemply with the wvacirus
standard levels considered for proposal were determin=d.
Finally, the requisite technolaogy for achnieving SR e
reductions was identified.
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It was concluded from this analysis that the 1.2 g/mi NOx
standard was feasible Ffor all LDGTs and for lighter LDDTs
(LDDT,s5). The principal compliance means for LDGTs would be
closad loop, three way catalyst technology, while lighter LDDTs
would rely on the application of EGR. For LDDT.s it was
conciuded (because of their heavier weights and larger £rontal
areas) that a 1.2 g/mi NOx -standard would increase particulate
levels such that it would affect the stringency of the 0.26
g/mi particulate standard. Consequently, EPA then considered a
1.7 g/mi NOx standard for LDDT,s. As in the case of
LDDT,s, EGR was projected to provide the means for compliance.

It was concluded that a 1.7 g/mi standard appropriately
balanced the need for HNOx and particulate control, As 2
result, EPA decided to propose a NOx standard of 1,7 g/mi for
LDDT:s, EPA also decided that it was most equitable to
propose the 1.7 g/mi NOx standard for LDGT;s. This was done
because a more stringent NOx standard for heavier LDGTs would
encourage the purchase of LDDT:s, which EPA did not wish to
do. Further, the loss of NOx control due te a more lenient
standard for LDGT,s was small compared to the case where only
diesels were affected.

Considerations of the effects on fuel economy of the
proposed NOx standards in cembination with Ethe technologies
expected to be employed led to the conclusion thakt LDGTs which
were converted to three-way catalyst technology Erom oxidation
‘catalyst technology could experience up to an 8 percent
improvement in fuel eccnobmy, For those LDGTs which already
employed three-way catalyst technology, it was projected that
some small fuel economy loss might occur., [t was forecasted on
a sales-weighted basis that roughly a 2-4 percent improvement
in Euel economy would be associated with the proposed standards
for LDGTs. For LDDTs, consideration of the effects of the
propesed standard on fuel economy led to the conclusion that no
significant fuel economy penalty would result Erom the proposed
standards £for either LDDT,s or LDDT,s. This conpclusion was
based on evaluations of the differences in fuel economy between
LDDT,s with and without EGR and on the benefits associated
with the use of electronic controls an LDDT.s.

For LDTs sold at high altitude, EPA proposed the same NOx
standards as were proposed for low altitude LDTs because NOx
emissions do not tend to increase with altitude. An idle CO
standard for high altitude LDTs equal to the 0.50 percent
standard already required for low altitude LDTs was proposed
because 3 90 percent reduction from baseline high altitude idle
CO levels resulted in 31 numerical value of 0.51 which, when
rounded, was equal 5y =he low altitude value. A particulate
standard equal to tharn it low altitude was also proposed.
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B. Summary and Analysis of Comments

L. Introduction

The comments received concerning the feasibility of the
proposed LDT NOx standards are summarized and analyzed below.
When more than one commenter raised the same basic issue, the
issue 18 treated once in the summary and analysis with
identification of the multiple sources of the comment. While
the proposad standards are applicable to two types of engines
(gasoline and diesel) used to power LDTs and are numerically
different as a function of the weight of the LDT, comments will
he treated by issue with appropriate consideracion of these
distinctions where necessary. The issues contained in the
summary and analysis of comments which €Eollows are, the
technical feasibility of the proposed standards, the leadtime
required for compliance, the effect of the standards on Cfuel
economy and other minor issues.

2. Tachnical Feasibility of the Proposed Sktandards

Six commenters provided comments on the technical
feasibility of the proposed standards with respect Lo
gasoline-fueled LDTs. Chrysler, Ford, General Motors, Nissan
and Teyota stated that -the propesed standards (1.2 grmi for
LDGT .5 and 1.7 g/mi for LOGT.s) were technologically
feasible,

VW disagreed with the technical feasibility of rthe
proposed standatd on the grounds that the allowable maintenance
provisions and the Eull-life useful life requirement resulb in
requirements which are beyond the capabilities of current
in-use or reasonably forseeable technology. VW did not,
however, provide any information in substantiation of cheir
statement, Lacking substantiating information f£for the VW
statement and considering the position taken by the orher
commenters leads to the cgeonclusion that the proposed standirds
are technologically feasible for LDGTs using the technolagies
identified in the Draft RIA (three way catalyst and cleosed |.:p
fuel control). This is confirmed by certification data far nhe
1985 model year. As shown in Tables 2-1 ko 2-7, nearly ..
LDTs certified with three-way clgsed loop technology ::o
dlready in compliance with 1.2/1.7 standards. Both full-i;re
useful life and revised allowable maintenance provisions appiy
to federally certified LDTs for 1985,

In the case of diesel fueied LDTs, three cormrs: -
provided comments n the rechnological feasibility -.:
proposed standards (l.2 g/mi and 1.7 g/mi).. One comre:: -
Ford, staced rhit the proposed NOx standards
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Table 2-1

1985 49=-State Faderal Certificaticon Data
for LDGTH Bouipped with Three-way Catalyse Technology

Bmisaicon
Control Mean Mean Cert.
Manufacturer Fngine Family Tachnology? N DP NOx Leval
_&Igﬁ:-mty Trucks - Glass L
American Motors FRM2.5TTHEAS FER/PLS/3CL L.541 1.27
Ford FMM2.3T5FpE7 BSR/3CL 1.057 0,34
Nissan FNS2.,4TOFAFD SR/ ICL/OTR 1.095 1.1l
Mitaubishi MT2,.0T2FFDX EGR/PLS/ 3CL/OTR 1,043 1.12
MT2,.6T2FFD2 BGR/PLS/3CL/OTR 1.100 1.38
Suzuki FSKL.OTLFSF? acL 1.216 1.70
Volkswagen FVWL .9TSCVEF8 acL 1,043 0.74
Lighe-Duty Trucks - Claas 2
Anerican lotors FR4, 2T2HEAT EGR/PLS/OXD/ 3CL 1.114 1.4
FRAS, 9T2HLE2 FeR/PAR/ 3WY L.056 L.3%
Ford FP45,0TSHAGS BOIR/PAR/OXD/ 3CL/OTR - L.N2L 0.80
FP45,8T2HGGL EGR/PAP/OXD/ 3CL 1.005 L.85
FP5,8TAGArY EGR/PMP/OXD/ AWy 1.13L 2.L

* PGR = Exhaust gas recirculacion.
3CL = T™ree—way catalyst, closed-loop fuel contcrol.
MP = Alr pump.
OTR = Other.
PLS = Pulse air injection.
IWY = Three=way catalyst, open~loop fuel control.
OXD = Oxidacion catalysc. -
B4 a Engine modificacion.
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Table 2~2

1985 49-State Pederal Certification Data

for LDGT3 Equipped Without Three-Way Catalyst Technology

Emission
Concrol
Manufacturer Engine Family Technology™
LIghu-Duty Trugks - Class 1
American Motors FM2,8T2AXE3 EGR/PMP/OXD
Chryaler FCR2.2T2AARGE EGR/PMP/OXD
FCR2.6T2AABS EGR/PMP/OXD
Ford FPM2.0TLAGF2 EGR/PME/OXD
General Motors FIG1,9T2HIC2 EGR/PMP/0OXD
FIG2.8T2HTXL EGR/ P48 /0XD
Isuzu FSZLLOT2AAG2Z EGR/PAP/OXD
Toyota PTY2.4T2AFF) EGR/PLS/OXD/OTR
Fuiji FPJL.B8T2AFRTIL EGR/PLS/0OXD
FFTL.BT2AFK2 EGR/PLS/0OXD

Light=Duty Trucks = Clasgs 2

Cherysler FCRI.7TLBBAO
FCR5,2T2BBFE
FCR5.974B3F)
GGeneral *lotors FIG4,3T4HHCL
FPIGS. 7T4HHCO
Toyota FTY4.2T2AFFS

EGR/PMP/OXD
EGR/PMP/OXD
EGR/PMP/OXD

EGR/PME/OXD
EGR/PMP/OXD

EGR/P4P /OXD/OTR

* See Table 2=) for definizinn of cerms,

‘lean - Mean Cert.
NOx DF NOx Level
1L.050 L.7
L.0 1.57
1.0 1.2
1.0 1.95
L.0 1.9
1.050 1.60
0.975% 1.70
L.10 1.85
L.0L7 1.29
1L.0L7 1L.75
1.0 L.9
1.0 1.9
L.0 1.62
1.012 1.45
L.O 1.73
0.81e 0.99
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Table 2-3

49~5cata Federal Certification Data for 1985 LDDTs

Emission

Control Mean Cert.
Manufacturar Engine Family System* NOx DF NOx Level
Tight-Duey Trucks = Clags 1
Amarican Motors FAM2.1KeJZ2T7 B 1,038 1.40
Ford FM2,3KJAFL oyl 0.995 1,65
Ganeral Motora FIG2.2K7Z298 ™ 1.000 1.80
Grumman Olson FGRL.BK6TAAG ™ 1.000 .10
Isuzu PSZ1L3ITKETCDS M 0.956 1.70
Niasan FNS2.5K6JAFY ™ 1.015 1.80
Mivsubishi MT2.3KeJFD2 EM 0.995 L.BS
Taycoca PTY2.4K5TFFL M 1.00% L.70

PTY2.4KETFTO M L1.000 1.80

Light=-Duty Trucks - Class 2
General Moters  FIG6.2K72742 EGR L.0L3 L.90 '

* See Table 2-L for Adefinicion of cerms.
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1985 cCalifornia tnly Certificazion Dara
for LOGTs Bruipped with ‘Three-Way Catalyse Technology

Enission Concrol Mean Cart.
Manufacturer Engine Family Technology® NOx DF NOx Laval
Light-Duty Gagoline Trucks - Clasa 1
Fuji FRJ). . BT2HO50 BGR/PLS/OXD/3CL  1.292 0.33
FFJL .BTRAFK2 EGR/PLS/QXD/3CL 1,293 0,31
FFJL.AT2HCPO EGR/PLS/QXD/3CL 1,293 0.28
Teyota FTY2.4T2FCGC7 MGSR/ ICL/OTR 1.076 0.44
Ford FPM2.3TSFFU6 B3R/ 3CL 1.000 0.27
FEM2.8T2HKGO EGR/P4R/OXD/ 3CT, 1.091 0.70
Tauzu FSZL19T2FDCL WR/MP/ICL 997 0.43
me FAM150TTHEAG HGR/PLS/3CL 1,372 0.83
FML7ITRRACT BSR/PMP/ICL 892 0.94
Niasan FNS2,4T9FACS AGR/ 3CL/OTR 1.159 0.71
Gerleral Motors FIG2.9T2TRAJ EGR/PAP/3CL L.000 0,64
Volkswagon FVWL, 9TSCVCS 3CL 526 0.63
Light-Duty Gasgline Trucks - Class 2
Mo FBA258T2HEAD FGR/PLS/3CL 1.045 . 0.58
FAMIGOTOHLED EGR/PP/IWY L.050 0.56
Ford FIM 4, 9TTHGGE HGR/PMP/OXD/ 3CL L.084 0,73
FRAS.8T2H5GL EGR/PMP/OXD/3CL L.L00 n.81L
Chrysler FCR3, 7TIHDSL BGR/OXD/3CL 947 0.82
General “lotors FIG4,3T4TAAI FGR/P4P/ICL L.03L 0.82
FIGS. IT4TYAS mR/MP/3CL L.031 0.60
MG BaR/OXD/3CL L.170 0.53

FAZ4,2T2HRGO

" See Table 2-1 for definicion of terms.
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Table 2=5
1988 california Cnly Cercificacion Data for LDOTs
Emission Control Mean Carc,

Manufacturer Engine Family Technology* Nox DR NOx Level
Tight~Ducy Diesel Trucks - Claas i
Iauzu FSZ137K6TR03 -—— 1.034 .84
Micsubi.shil . PMTR2.3K&IS ——— 964 .76
Toyora FTY2.4K6ICT3 OTR 1,043 .86
Nissan NS2 , SR6TACE .939 75
General Motors FIG2.2K72212 1.000 .89
Light=Duty Diesel Trucks - Class 2
General Motora  FIG6.2K72275 L.015 1.30

1.015 L.70

Ganeral Motors FIG6.2K72275

* See Table 2~1 for definivion of terms.
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Tabla 2-6

1985 S50-State Cervification Mata for LDGTw
Equipped wich 3-Why Caralyst Technology

————————

L Y T e B et

» Ses Table 2=l for definicion of terms.

L.158

Emission Mean
Control ean Cere.
. Manufacturer FEngine Tamily Technology* NOx DF NOx Lavel
Light-Duty Trucka - Class 1
G FAZ2.5TLHRG9 EGR/PLS/OXD/ 3CL L.17 .38
Chryaler FCR2, 2T2HIMO EGR/PAP/OXD/3CL 1.087 .72
FCRS , 2T2HBNL FGR/P4P/0XD/3CL
M F2G2,575T1G9 BGR/3CL 1.320 42
Micsubishi PATR.0T2FCAL FGR/PLS/3CL/OTR 1.028 .58
M2, 6T2FCA BEGR/PLS/ ICL/OTR 1.072 .68
Toyora FTY2,4TSFBTS HB3R/3CL/OTR .683 .07
FTY2.07SFBB3 BGR/3ICL/OTR 1.568 17
FTY2.4TSFEBS HGR/3CL/OTR 1.463 .17
Light-Dity Truckas - Clasg 2
Dutron TING . LTSNKAG BGR/MB/OXD/ 3L, 1.157 .48
Ford FMS5 ., 0TSHAGS ESR/MP/OXD/ ICL/OTR 1,100 57
Winnebago FWB2.,21TSFGAD BGR/ICL L.L70 .6L
2immer ‘ F242,6TeFXX5 3CL/OTR L. 150 B4
™ F2G62.5T5THG9 BGR/3CL 1.320 .28
Chrysler FCRS, 2T2HBNL BGR/P4P,OXD/ 3CT, L.05L .81

.60
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Table 2-7

1985 50-Stare Certification Data for LDDTs

Engine Family

Light-Duty Trucks - Clasg 1

Miesubishi
Nigsan

Ianzu

Toyora

af

MC
Ford

Grumman Olson

PT2.IR6TCBS
RT2. JKGTFD2

FNS2. SKeTFD2
FNS2, SKETAF?

FSZ137K6TAERT
FS2137K6JCD5

FIY2.4KBICT3
FTY2.4KETFFL
Y2 . 4K6TFTS

FIG2.2K72212
FIG2.72K72298

FM2. 1KeJZT?
FIM2. BTAFL

FGRL . 6KETAAG

Light-Ducv Trucks - Class 2

Fora
el

FPM2.3K&TAFL

FI06.2K72275
FIG6,2K72742

Emigaion

Contrels

HSR

BGR

HGR

24
EGR/OTR
B4

EGR

BA,

BA

B

ENR
BGR

w See Table 2-L for definicion of cerms,

Mean
Mean Cert,
NOx DF NCx Laval
964 .75
995 1.85
939 .75
1.015 1.80
1.034 .84
956 1.70
L.043 .26
1.005 1.70
1.000 1.80
1.000 .89
1,000 1.80
1.038 L.40
.995 1,50
1.000 L.10
,995 1.80
L.OLS 1.50
L.0L3 L.90

T e e
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technologically £feasible for LDDTs, Nissan stated that the
standard proposed for LDDT,s (1.2 g/mi) was feasible for scme
of its two-wheel drive vehicles, while its other LDDT,s would
need naw EGR systems to control NOx while simultaneously
complying with the particulate standard of 0.26 g/mi. GM
stated thabt the ahility of the 6,2 liter engine to comply with
a NOx standard of 1.7 gs/mi through the wuse of electronically
caontrolled EGR would be marginal and would resulk in increased
particulate emissions and a fuel economy penalty. GM provided
a figure (Figure III-C-1 in the GM comments) depicting the NOx
vs. particulate engine-out emission characteristics for the 6.2
lirer engine in support of its position that particulate
emissions would greatly increase under a 1.7 g/mi standard and
jeopardize its ability to meet the LDT particulate standard of

0.26 g/mi.

Since all commenters concurred either fully or with some
qualification with the technological achleveability of the
proposed standards for LDDTs, analysis of the comments need
focus only on the qualifying statements presented by the

commenters.

In the Draft RIA (page 2-22), EPA concluded that all
Federal LDDT,s could be brought 1into compliance with the
proposed NOx standard (1.2 g/mi) through the use of EGR system
designs already being used on counterpart LDDT,s cettified to
the California NOx standard. The thrust of the MNissan comment
is that a new EGR system would have ko be designed for use on
some of its LDDT,s rather than the transfer of an existing
EGR system. Nissan is, therefore, concurring with the
technological feasibility of the proposed standard by the use
of EGR but is identifying a need for leadtime to design a3 new
EGR system (leadtime requirements are addressed later}.

In responding to the comment from GM, EPA has plotted 198%
model year certification data for the Federal and Califoarnts
versions of the 6.2 liter GM engine on the curve provided by <N
in its Figure I[II-C-1 {reproduced here as Fiqure 2-1). Thesea
values are shown as F,, and F., (lL.90 gsmi NOx, 0.4L g/m
particulate and 1.%0 g/mi NOx, 0.34 g/mi particulate) for rhne
two faederal vehicles using EGR and as C, and C, (1.7 s3si:
BOx, 0.32 g/mi particulate and 1.3 g/mi NOx, 0,32 g/
particulate) for the twa California engines uitng
electronically controlled EGR. As can be seen from Figure 2-1,
NOx and particulate emissions actually being achieved ate
substantially lower than the generalized curve presented buy
GM. In addition, because the 6.2 liter GM engine is alrc=2:iy
very close to the parriculate standa-sd on an engine-ouf bas; ;.
EPA can see no basis Ffor OGM's concern about meeting .
particulate standard, The ipplication of particulate craps -
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approximately percent of these engines would, with averaging,
secure compliance with the 0.26 g/mi standard. EPA concludes
that the NDx/particulate curve supplied by GM is not applicable
to current versions of its 6.2 liter engine, and that GM should
have no difficulty meeting a 1.7 g/mi standard with this engine.

3. Leadtime Reguirements

Four commenters stated that the time required for
implementation of the LDT NOx standards for dasoline-fueled
vehicles exceeds the time available under the proposal.
Specifically, the comments were as £follow. American Motors
indicated that 34 months are normally required for the change
in . catalyst technolegy required hy the proposed standards.
Ganeral Motors stated that 106 weeks were required to make
changes to LDT bodies necessary to accommodate the larger
catalysts required for compliance with the proposed standards.
Nissan indicated that 2-1/2 to 3 years would he required Eor
changes to the vehicle body necessitated by the use of larger
catalysts., Toyota stated that additional time is needed beyond
that available for compliance by the 1987 model year because of
the change in catalyst technology necessary and the need to
establish durability and reliability characteristics of the new

catalyst.

Two of the commenters (GM and Nissan) predicated their
leadtime requirements on the need to change the floorpan cf the
vehicle body to accommodate larger catalysts. The tasks
required for the specified change in the vehicle body would be
the redesign of the floorpan to provide the necessary space and
the procurement of new dies for the manufacture of the
redesigned floorpans. Since the.commenters indicated in other
areas of their comments that they have already quantified che
catalyst volume requirements, redesign of the floorpan can be

" assumed to start essentially at the publication date of the

final rule. The maximum time requirement which could ke
allocated for the redesign of the floorpan is 6 to 9 meonths,

Following redesign of the floorpan, the Ekime required for rhe
procurement of new dies is between 26 and 36 weeks (Referenca 2

at page 7-7) including the time required for installaci.n ¢

the new dies in the presses, In toktal, these two tasks sie
expected to require between 50 and 72 weeks or a maximum . .3
months. Starting with a publicaticen date of March 15, 198% :'r
the final rule and ending with Octoher 1, 1986 for 'na

introduction date of the 1987 model year LDTs, defines a ger: |
of 18~1/2 months for the execution o¢f the tasks necessary T
vehicle body redes.ign, Leadtime requirements for the rede.. o
of LDT bodies is, =herefare, not a viable basis for cla. .
that insufficient nime is available for the implementat: .
the proposed standards on LDGTs,
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Turning to the comments provided by American Motors, that
34 months is the normal requirement for the intreoduction of new
catalyst technology to a specified class of vehicle, the steps
required for this work can be identified as follows. The first
step would he the development of an overall system design
including the integration of the new system into the vehicles.
Tha subsequent steps would be: 1} ordering of modified tooling
Eor the manufacture of redesigned components which <could
include vehicle body redesign, 2) the construction and testing
of experimental systems abt several calibrations to establish
one or more calibrations for use on emission durability
vehicles, 3) collection of emission durability data, 4)
collection of data from emission data wvehicles, and 5) the
incorporation of modified tocling on machine lines for the
manufacturer of redesigned components.

EPA's timing requirement estimates for the primary tasks
in the critical timing path for gasoline-fueled LDTs ate as

follows:

Task Time Requirement
QOverall System Design and Vehicle Inteqration 4«6 months
Davelop Durability Vehicle Calibrations 5-7 months
Generate Emission Durability Data 11-12 months
pavelop Final Calibrations 1-2 months
Run Data Vehicles ' 1 month
Complete Certification Process
With EPA and Add Modified Tooling 1-2 months

' TOTAL 23 - 30 months

Starting with a publication date of March 15, 1985 for the
final rule establishing the NOx standard, approximately L8-1/2
months is available prior to the start of the 1987 model year
in October of 1986. Since the minimum time required to perform
the necessary tasks is greater than the time available, it is
concluded that insufficient time was allowed by the proposal.
The addition of 12 months to the time available for performing
the necessary tasks by delaying the effective date of the
standards to the 1988 model year would provide adequate time
(30 months) for the performance of the tasks.

Two commenters provided statements to the effect that the
time necessary for implementaticn of the LDT NOx standacds on
diesel vehicles was greater than that allowed by the proposal,
American Motors stated that it would have to add EGR and
particulate traps for simultaneous compliance with the NOx and
particulate standards of 1.2 gs/mi and 0.26 gs/mi respectively
for its LDDT,s and that the earliest possible date far
completion of this work was the 1988 model year. WNissan snited
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that the 1989 model year was the earliest possible date for
compliance with the NOx and particulate standard so as to allow
sufficient time for the development of new emission control

systems.,

While both commenters integrated compliance with the
proposed 1.2 NOx standard for LDDT,s and complliance with the
1987 model year 0,26 particulate standard into their comments,
this integration is not as important as could be inferred from
the comments since the requirements Ffor the particulate
standard were promulgated in January 1984. Manufacturers have,
therefore, had ample time to plan and to initiate  system
davelopment and any tooling requirements associated with the
particulate standard. Timing requirements attributable to the
NOx standard are, therefore, the only requirements which need
to be addressed in analyzing these comments. Primary tasks
necessary for. the application of EGR for the first time (AMC
does not offer a diesel engine in their LDTS in California in
1385) or the application of a new EGR system design (Missan)
are: 1) overall system design which identifies exhaust
manifold changes to incorporate a source for the raecirculated
gases and lntake manifold changes to incorporate a point for
the 1introduction of the vrecirculated gases, 2) orders far
modified tooling for the manufacture of the redesigned
manifolds*, 3) build and test experimental systems at sevaral
calibrations to establish one or more calibrations for use on
emission durability wvehicles, 4) collect emission durability
data, 5) collect data from emission data vehicles, and &) add
modified tooeling to machine lines for the manufacturer of
cedesigned "intake and exhaust manifolds. Timing requirements
for tooling, to manufacturer EGR valves and plumbing, do not
enter into the overall timing considerations because these
parts can be expected to be supplied by existing facilities
{(either vendor or manufacturer owned). The timing requirement
estimates for the primary tasks in the critical tlman path for

diesel LDTs are as tfollows:

Primary Task Time Required
Overall System Design 3-4 months
Develop Ourability Yehicle Calibrations 5-7 months
Generate Emission Durability Data 1l1-12 months
pevelop Final Calibrations L-2 months
Run Data Vehicles 1 month
Complete Certification Process
With EPA and Add Modified Tooling 1-2 months )
TOTAL 22 -~ 28 montha
* Timing requirements for the procurement of a tooling
medification 4o not enter the critical path timing line
since a complere new machine line can be delivered in .4

to 20 months, (2]
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Starting with a publication date of March 15, 1985 for the
final rule establishing the NCx standard, approximately 18-1/2
months would be available prior to the start of the 1987 model
year in October of 1986, Since the time available for
performing the necessary tasks is less than the minimum
egtimake for the requirements, it appears that there is merit
in the comments. The addition of 12 months to the time
available by delaying the effective date of the standards to
the 1988 model year would provide adequate time (30 months) for

the parformance of the tasks.

4, Fuel Economy Effects of the Proposed Standards

For gasoline fueled LDTs, six commenters stated that the
propoged standards would result in a reduction in fuel
aconomy . These statements were made by American Motors,
Chrysler, Ford, General Motors, Nissan and Toyota. Only three
of the commenters (American Motors, Ford and General Motors)
howaver, provided numerical estimates of the effects of the
proposed standards on fuel economy. Ford indicated that a fuel
ecohomy penalty of between 1 percent and 1,5 percent was
expacted for heavy LDGTs: at a NOx standard of 1.7 g/mi and
approximately a 2.5 percent penalty for heavy LDGTs at a 1.2
g/mi NOx standard, In addition, Ford stated that there would
be penalties in.the areas of driveability and performance.

GM stated that its LDGTs are exhibiting up to a 6 percent
fuel economy penalty when comparison is made between 1985 model
year Federal (2.3 g/mi NOx, 120,000 miles} and 1985 model year
California® LDGTs. GM continued its statement by saying that
the proposed NOx standard of 1.2 g/mi NOx with a useful life of
120,000 miles is more stringent than the California standard of
1.0 g/mi NOx with a useful life of 50,000 miles. In additien,
GM stated that while ¢the application of three-way-catalyst
technology can be expected to improve fuel! economy under a
constant NOx standard, it cannot be expected ko either improve
fuel economy or to prevent a penalty under a more stringent

standacd.

The comment by American Motors was similar to the M

comment in that American Motors stated that its L1985 model vyear

® 1985 Califcrnia NOx standacrds £or LDTs up to 3999 lbks
equivalent inertia weight are 0.40 g/mi for 50,000 miles
with optional standacrds of 1.0 g/mi for 50,000 miies ¢
1.0 g/mi €for 100,000, miles, For LDTs between 40907 ol
5999 1bs equivalent inernia weight the standard i3z ;.-

g/mi for 50,000 miles with an oaptional standacd o

g/mi for 100,000 miles,
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California LDTs ware exhibiting approximately 1 mpg* lower fuel
economy than its 1985 model year Federal LDTs and that the 1,0
g/mi, 50,000 mile California standard was less stringent than
the proposed 1.2 g/mi, 120,000 mile Federal standard,

Since manufacturers had placed such emphasis in their
comments on the effects of the California NOx standards on fuel
economy, EPA assembled palred E£uel economy data for 1985 model
yoar Federal and California specification LDTs from its
certification records. The criteria used in selecting paired
data were that the same engine, by manufacturer, had been
tested under the same dynamomekter loading conditions in
vehicles equipped with the same transmission specification,
number of driven wheels (2 wheel drive and/or 4 wheel drive)
and N/V ratio. This information is shown in Table 2-7. The
information shown in Table 2-7 is subdivided into three groups,
those gasoline LDTs employing the same technology for
compliance with the Federal and California standards, those
using different technologies and diesel LDTs. Because
California NOx emission standards include several options and
the specific option used was not always clearly defined in the
records, exact distinction hetween the vehicle emission levels
and the useful life requirement of the standard was not
achievable, Distinction was possible, however, between
vehicles certified to the 0.40 g/mi, the 1.0 g/mi and the 1.5
g/mi standards and is shown an Table 2-8. .

EPA's averall assessment of the California versus Federal
comparisons is that they are of limited use in making precise
conclusions about the effects to be expected 'from the new LDT
standards., This is Eirst of all due ko the fact that the
California standards are more stringent than the Federal
standards, resulting in somewhat lower emission levels than
will the Federal standards., Under this situation, there will
he a somewhat greater impact on fuel economy associated with
the California levels, In addition, consideration must be
given to the fact that the Federal standards will not apply
until the 1988 mndel vyear. This means that time would be
available for improvements aimed at overcoming any fuel economy
penalties which might currently exist. Lastly, it must be born
in mind that Catifornia standards apply to only a small
fraction of any manufacturers' total LOT sales, Therefore, the
manufacturers can be expected to adopt the lowest initial cost
approach to compliance with a relatively small concern over
fuel economy effects. This will not be the case in the longer
term, when the entire LDT fleet is atfected,

* One mpg corresponds to between a 4 percent and a 6§ percent
fuel economy reduction for American Motors when based on
caomparisons to %he highest "highway" fuel ecanomy estimate
or to the lowest “city" fuel economy estimate,
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Table 2-8

1985 Modal Year Light-Duty Truck Fuel Economy
Federal vs. California Paired Daca*

Fuel Econhcmy
Technology Combined MEG % Nox Emisaions Calif.

MEr, Engina** Fad,  Calift. red., Calif. Charnge Fed. CaLit. Std.
Gasoline, Same Technol
mc §.5LI-1.0§ acL icL 3.4 22.5 -3.8 1.04 0.55 1.0
Mme 4.2L(7) 3L cL W.6  20.6 0 1.30 0.70 1.0
mMe 5.9L(1) wyYy WY 13.8 13.8 o] 1.4L 0.55 1.0
Chryalep** 5.2L(2) LK ACLHOX 14.8 14.8 a 0.74 0.74 1.0
Ford 2.3L(4) 3CL cL 29.8 29.4 -1.3 0.49 0.26 0.4
Ford 2.8L(7) 3CLACK CLHX  22.6 21.4 -5.3 1.5L 0.66 L.0
Ford 4.9L(6) ICL40X 3CLA0X  17.2 16,7 -2.9 1.26 0.68 1.0
Ford S.0L(2) 3CLAOX 3CT+0X  L7.1  16.4 -4,1 0.83 0.54 1.0
G v 2.5L{19) acL CL 27.0 27.0 4] 0.30 0.30 0.4
™ 4.3L(2)} ICL4QX CL+OX  22.6 22,0 -2.6 6.53 0.54 1.0
Nissan 2.4L{3) acL L 23,3  23.1 -0.1 1.46 0.52 1.0
*1itgubishi 2.6L{13} 3T, L 23.2  22.4 -3.4 1.27 0.64 1.0
Toyoea w** 2.0L(4) 3cL L 27.0 27.0 Q 0,11 0.1k 0.4
- Toyora #*** 2.4L(8) L ICL 25.4 25.4 0 0.14 0.14 0.4
W L.9L(2) ICL cL 0.1 18.9 -6,0 0.92 0.39 0.4
Gaspline, Different Technology
mMC 2.8L(1) ax icL 20.5 22,1 7.8 1.80 0.76 L.0
Chrysler o 5.2L(L) ox ICLHOX 15.5 5.2 ~L.9 L.BL n.as 1.0
M 2.8L(7) ()4 cL 2.8 247 3.3 1.44 0.65 L.0
oM 4.3L(2) oX L 20,1 12.5 -3.0 1,57 0.47 L0
™M 5.70(1} ox 3CL 13,9 14,2 2.2 1.80 0.A0 L.0
Isuzu 1L.9L(7) oxX icL 27.5 26.8 -2,6 .77 0.41 L.0
Toyota 2.4L(4}) X cL \.8 27.2 ~-5.6 L.62 .40 0.4
Fuji 1.BL{6) ax CL+OX  27.3  283.6 4.8 L.78 0.20 n.4
Diesel
e G6.2L(7} BGR FEtec EGR 23.5 23.3 0.1 L.5% 1.28 1.5

Paca pairing requirements: equal engine displacemenc, ctransmission, N/ anl inercia

L

LL )

waight.
Number in ( ) following engine size identifies the number of engine pi:rs el in

calculacing the mean fuel economy values shown.
No changes occur because this is a 50 stave vehicle. Tse of the same enginn f-r Tuieral

and California versions impiies minimal fuel economy impact associated with :°w reuired
low NOx level. .
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Regardless of the above caveats, instrucktive conclusions
can be drawn from the Califdrnia data. For those vehicles
already having three-way technology on the Federal versions,
there 18 no claar pattern of fuel economy change between the
Faderal and California versions, The data show that in some
cases there are marked reductions in NOx emissions with little
or no fuel economy impact. On the other hand, some vehicles
exhibit significant penalties, However, the higher penalties
are generally associated with vehicles having California NOx
levels well below those needed for compliance with the 1.2/1.7
Federal standard. In any event, it has already been noted that
vehicles already equipped with three-way technology are largely
already in compliance with the 1.2/1.7 standards., Therefore,
no changes will be required of these vehicles and no fuel
economy impact will occur,

For those systems configured with oxidation catalysts on
the Federal version, the data of Table 2-8 confirms EPA's
analysis from the Draft RIA. All cases switching from
oxidation catalysts to three-way catalysts, except Efor some
certifying to unnecessarily low NOx levels, show a significant
gain in fuel economy.

Overall, EPA draws the following conclusians regarding
fuel economy effects on gasoline-fueled LDTs of the new LDT
standards, First, for those wvehicles already employing
threa-way technology, compliance or near-compliance is already
widespread.. Therefore, no fuel economy impact will result from
the  new standards. Second, for those vehicles switeching from
oxidation catalysts to three-way systems, a significant
improvement in fuel economy should result £from the new
technology at the NOx levels associated with the Federal
standard. In total, thete will probably be some small fuel
economy 9gain associated with the new standards, Since the
amount cannot be precisely quantified at this time, no specific
benefit will be included in the economic analyses of the new

standards.

In the case of LDDTs, GCGM is the only commenter to comment
on the fuel economy effects of the proposed standards, The
comment provided by GM was directed to their 6.2 liter engine
and indicated that GM expected a fuel economy penalty as a
result of the preoposed 1.7 g/mi standard which would be greater
than the 5 percent which they are experiencing under the 1985
model year California standard.

Inspection of the NOx emission levels for the California
6.2 liter engine (Table 2-3) shows that the engine is certifiad
to a 1.5 gs/mi standard in conjunction with the particulare
standard of 0.4 g/mi. At these California standard levels, -ne
change in fuel economy relative to the Federal standacd of 2.3

g/mi, NMOx and 0.60 g/mp particulate is 0.1 percent, i.e., thers
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is esseantially no difference between the Cfuel economy values
davelcped for the 6.2 liter GM engine under 1985 model year
Federal and California standards. Since the proposed Federal
standard applicable to this engine (1.7 g/mi) 1is not
numerically as stringent as the California standarcd, EPA sees
no basis for the comment provided by GM. The conclusion which
can be drawn from the information shown in Table 2-8 is that
there should be no fuel economy effect on the 6.2 liter GM as a
result of the proposed standard.

5. Other Comments

Other comments pertaining to the proposed LDT NOx
standacrds were provided in the areas of the factors to be used
in distinguishing hetween LDT,s and LDT; s, the
comparability between the 1.2 g/mi propeosed standard and the
1.0 g/mi LDV .standard and the proposed high altitude standards

for NOx, idle €O and particulate.

Since these comments are fully addressed in the preamble
to the final rule, they are not analyzed here, EPA agrees with
the need to correct the discriminator between LDT,5 and
LDT:s. However, none of the comments 1in the other areas
substantiate a need €for changes. Interested readers are
referred to the preamble for further details on EPA‘'s response

ko these comments.
c. Conclusions

As a result of the proceeding analyses of the comments
provided in response to the NPRM, it is EPA's conclusion that
the proposed NOx standards of 1.2 g/mi for LDT,s and 1.7 g/mi
for LDT,s are technologically feasible for the respective
groups of LDTs. The technologies expected to he used in
complying with these emission standard levels will center on
the use of three-way catalyst technology with closed-loop fuel
control in the case of gasoline-fueled LDTs and on the use of
EGR in the case of diesel-fueled LDTs.

Analysis of the comments has led EPA to conclude that the
time required {(leadtime) for implementation of the necessary
technolagies is greater than that which would be available with
an implementation date of the 1987 model vear. A one-year
delay in the implementation date of the standards to the 1943
madel year would, however, provide sufficient leadtime.

Analysis of rthe comments provided on the €fuel econlry
effects of the progosed standards has lead EPA to conclude =nix
on average, those LDGTs which are already equipped wiunn
three-way catalysc technology will experience little n~r
reduction in fuel =conomy while those LDGTs which are convern=4
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from oxidation to three-way catalyst technology are expected to
experience increases in fuel economy. In the case of LDDTs,
tha expectation is that there will be no measurable change in
fuel economy resulting from the NOx standards. For the total
fleet of LDTs, the effect of the proposed standards on fuel
aconomy is expected to be near zero but with the potential for
some improvement resulting from those LDBGTs which adopt

three-way catalyst technology.

III. Heavy Duty Gasoline Engines (HDGEs)

A, Synopsis of NPRM Analysis

The NPRM analysis{l] examined the feasibility of the
proposed 1987 6.0 g/BHP-hr and the 1990 4.0 g/BHP-hr NOx
emissions standards for HDGEs. The analyses for each standard
bhegan with the identification of the appropriate low-mileage
target values. Current HDGE emission levels were then
discussed as part of the analysis of the 1987 standards, as
well a3 the effects of leadtime constraints and available
emission control technologies. The analysis for the 1950
standard considered the likelihood of new and more refined
emission control technologies. A summary of the NPRM analysis

Eollows,

1. 6.0 g/BHP-hr NOx Standard

The factors considered in estimating the low-mileage
emission target were the additive detericration factor and the

production wvariability factor. The additive deterioration
factor (DF) was developed Erom 1933 mode ] year HDGE
certification data and was £found to be zero. The NPRM's

production wvariability Ffactor of L.2 was the mean of two
estimates previously provided by Ford and GM in response to an
earlier rulemaking. These two factors were employed in the
following equation to develop the low-mileage emission target

of 5.0 g/BHP-hr.

Emission Standard - Deterioration Factor

Low Mileage Térqet =
. Production Variability

The second step in the analysis was the identification ¢
the reductions in emissions required to meet the target level,
This was accomplished by a comparison of the low-mileage tarqget
and the most up-to-date informaktion aon low-mileage emissi-n
levels actually being achieved. The most up-to-date !~
available were those developed from preototype L9853 model e
HDGEs. As 2 result of the comparison it was found that four ¢
eleven engine €familties conuld presently (1985) comply wirn -1
low-mileage target, The average reduction necessary Y
compliance with the standard by the remaining seven €amii..s
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was 1S percent. The greatest reduction necessary for
compliance by an engine family was 34 percent and the lowest

redugtion was 7 percent.

In considering leadtime, the analysis noted that some
devalopment testing had already been performed and further
development testing would be initiated during the course of the
rulemaking. Still, somewhat less than the equivalent of two
years leadtime was determined to be available for NOx control
development, thus, precluding the availability of major engine

or hardware changes for production.

The final step in the analysis was the identification of
technologies which could provide the reductions in NOx
emissions necessary for compliance. Three potential
technologies were identified: ignicion timing retard, fuel
enrichment of the air-fuel charge delivered to the engine and
EGR. Ignition timing retard as the sole method of achieving
compliance was judged to be unaccgeptable since it would result
in a relatively large fuel economy penalty. Fuel encichment
was also judged to be undesirable since it would negatively
impact compliance with both the HC and the CO standards as well
as causing a reduction in fuel economy. Increased EGR,
possibly coupled with a small amount of timing retard, was
judged to be the approach which would most probably be employed
by manufacturers since the necessary reduction in NOx could be
achieved with an insignificant effect on fuel ecanomy.

The analysis concluded that, based on information then
availahle, and considering the relatively modest reductions
necessaty for only a fraction of the fleet and based on the
availability of well understood NOx control technologies for
gasoline-fueled engines, a 1987 NOx standard of 6,0 g/BHP-hr

was Eeasible for HDGEs,

2. 4.0 g/BHP-hr NOx Standard

The low-mileage emission target faor the 4.0 g/BHP-hr
standard was developed using the same procedure as that used
Eor the 6.0 g/BHP-hr standacd. The same wvalues for the
deterioration factor and the preduction variability factor wera
also used because compliance with the 4.0 g/BHP-hr standard was
expected to be achievable without the use of reduction catalyst
technology. The low-mileage emission target developed by this

procedure was 3.3 g/BHP-hr,

The reductions from 1585 model year prototype levels
necessary for comgliance with the 4.0 g/BHP-hr standard were
astimated once the low-mileage target level had bheen
identified. The avarije reduction necessary for compliance was
found to be 39 percent with the greatest reduction being 57
percent and the least reduction being 3 percent.
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At the level of emission control required for compliance
with a 4.0 ¢/BHP-hr, it was concluded that emission contrel
technologies beyond those required for compliance with the 6.0
g/BHP-hr standard (i.e., standard EGR) could be reguired to
avoid significant performance and fuel economy penalties., The
technologies identified as being the most probable for use were
increased EGR rates with improved controls and "fast-burn"
combustion chamber design, coupled with probable use of
electronic control to optimize fuel metering and ignition

timing.

With respect to leadtime, the adoption and demonstration
of these control technolegies were considered at that time to
be Feasible for 1990, based on the fact that prototype engines
wete already approaching the design target and considerable
experience was directly transferable from work in light~duty
vehicle and light-duty truck NOx control.

B. Summary and Analysis of Comments

The Agency received comments on its NPRM analysis from the
three manufacturers cof heavy-duty gascline engines: Chrysler,
Ford, and General Motors., Their c¢omments on the 6.0 g/BHP-hr
standard are examined first Followed by an analysis of those
pertaining to the 4.0 ¢g/BHP-hr standard.

As will be seen iIn the next section on HDDEs, the &.0
g/BHP-hr NOx standard will not be feasible £for HDDEs until
1988. Thus, this implementation date will be assumed here, as
well. Also, the 4.0 g/BHP-hr standard was Ffound not to be
Feasible for HDDEs by 1990. However, a 5.0 g/BHP-hr standard
appears to be feasible for 1991. Thus, this will be the
second-stage NOxX standard considered here for HDGEs.

1. 6.0 g/BHP-hr NOx Standard

None of the manufacturers disagreed with the low-mileage
target level of 5.0 g/BHP-~hr, nor with the low-mileage
prototype data presented in the NPRM analysis., With respect to
the availability of control technology and leadtime, two of the
three manufacturers were generally iIn agreement with the
conclusions reached in the NPRM analysis. 1In their submittals,
both Ford and Chrysler stated that they could meet the proposed
6.0 g/BHP~hr standard; Ford in 1987 and Chrysler in 1988. GM
stated that this standard should be feasible £for its HDG
vehicles above 14,000 1lbs. GVW, but would result in a 1.5
percent fuel economy penalty; GM added that for 1its engines
used in 8,500-14,000 lb. GVW vehicles, it did not believe that
the proposed standard was feasible In conjunction with the 1987
model  year 1.1/14.4 g/BHP-hr HC/CO  standards, As  an
alternative to the 6.0 g/BHP-hr level, GM recommended a HDE NOx
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standard of 8.0 g/BHP-hr, However, this was due to GM's
continued belief that catalyst'technology is still not feasible
for bkhesa engines, and not on an inability to meet the NOx
standard, per se. Thus, given the Ffact that the initial NOx
standard is being delayed to 1988 for HDDEs, all three
manufacturers essentially agree that the 6.0 g/BHP-hr standard

igs Eeasible for HDGEs.

With respect to the technology needed to comply with this
standard, hoth Ford and CM disagreed with the NPRM's assessment
that increased EGR, possibly ccoupled with a s=mall amount of
timing retard, was sufficient and the most likely approach to
be employed. According to Ford, more than just increased EGR
and ignition timing retard are required in order to comply with
the regqulations while maintaining the fuel economy, performance
and driveability of Ford's heavy-duty vehicles. In its
confidential comments, Ford listed the control techniques it is
planning to incorporate in order to meet a 6.0 g/BHP-hr

standard.

GM also criticized the Agency's assessment of EGR as a
control technique because of the fuel economy penalty resulting
from increased EGR. However, unlike Ford, CM did not bhalieve
that alternative techniques were available for its HDGEs., GM
supplied data taken on a 1985 350-4 VB prototype engine that
showaed a 1.5 percent fuel penalty resulting from an increase in
the EGR in order te comply with the proposed standard. Alsa,
both recalibration of the air-fuel ratio and retarded igniticn
timing were found to be unacceptable by GM for the same basic
reasons as identified in the NPRM. Chrysler did not comment on
the technology needed for its engines to comply with a 6.0
g/BHP-hr standard.

Neither Ford nor GM presented sufficient justification for
their projections of technology requirements to allow them to
be objectively critiqued here. However, an analysis of 1948s%
Federal HDGE certification data confirms the conclusion of the
NPRM that EGR is - basically capable of providing the degree of
control necessary to meet the 6.0 g/BHP-hr standard (see Table
2=9), Two engines, a 7.5L Ford and a 7.4L GM, are already
being certified at HNOx levels of 4.2 and 4.5 g/BHP-hr,
respectively. The aonly significant difference hetween these
engines and those at higher NOx levels appears to be increased
EGR and recalibrated engine parameters (i.e., timing, secondary
air rates, ekc.). Thus, more significant changes should not be
required for most HDGEs. As roughly one-third of all 1935
prototype HDGEs were able to comply with a 6.0 ¢/BHP-hr 40x
standard and ancther cne-third were within 2% percent of tha
standard, these engines should require no more than increased
EGR rates plus rc=2calibration. Howaver, as described in =zhe
Draft RIA, the NOx levels of some of the engines were well
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Table 2-9

1985 HIGE Federal Cercification Results (g/BHP-hr)

Manufacrurar Displacament Emisgion Control  NOx (DF) HC (DF) 0 (DF})
Ford 4.9 BGR-Alr 8.49{.0L)  1.82{0.0}  15.65(.00)
EGR-ALr 6.96(.00)  1.66{(.01)  14.93(.00) :
5.8 BGR-Air 8.24(.00)  1.78(.00)  30.65(.Ll) -
7.5 ESR-Air 6.66(.00)  .96(,00)  3L.62(.07) 1-
BGR=Air 4.21(.00) .41(,00)  14.00(.03) :
|
] 4.8 Air 7.03(.00) .97(.00)  14.45(.00) s
5.7 HGR-ALr 8.33{.05)  1.47(.02)  23.41(.00) !
EGR-AirT 5.82(.08)  1.31.(.02)  25.77(.00}
6.0 BGR-Alr 7.62(.00)  1.29(.25)  29,08({5.03) !
7.0 E3R-Alr 7.72(.00)  1.23(.25)  25.32(5.03) ;
7.4 EGR-ALr 4.51(.00) .68{,25)  27.48(5,03) ,
Chrysler 5.9L EGR-Air 7.71(.07) .65{,00)  18.73(.00)
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ahove tha design target of 5.0 g/BHP-hr (i.e., more than 25
percent). Compliance by these ‘engines, which reprasent roughly
half of those not already in compliance with the 6.0 g/BHP-hr
standard, may require more significant modification to avoid
impacting either HC/CO emissions or Efuel economy. These
modifications were among those identified in the NPRM analysis
for the 4,0 g/BHP-hr standard and include modifications to the
combustion chamber, the intake manifold, the secondary air
system, and the camshaft. Az discussed in Chapter 3, these
changes may require some retoceling, but, given their nature and
the comments of Ford and Chrysler, leadtime should not be

affecked,.

The certification levels shown in Table 2-9 are generally
higher than those of the prototype engines described in the
NPRM, This does not necessarily imply that the levels of the
prototype engines were not in the end achievable. The current
NOx standard puts little, 1f any, real pressure on HDGE NOx
emissions, so the  higher —certification results praobably
involved recalibration to highar NOx levels. Thus, this does
not negate the potential to achieve the lower NOx levels with
the two sets of engine modifications described above,

Also to be noted £from Tabhle 2-9 1is the positive
telationship between HC and NOx emissions (i.e,, HC emissions
decrease as NOx emissions decrease). This i3 not to say that
EGR decreases HC emissions, but that other engine parameters,
such as the secondary air injection rate, can be adjusted to
eliminate any adverse effect of EGR on HC emissions. This
positive ‘relationship is present even at the two lowest NOx
levels of 4.2 and 4.5 g/BHP=-hr,

With respect to fuel economy, GM arqued for a 1.5 percent
penalty, while the other two manufacturers did not comment on
the NPRM's projection of no penalty. GM based its judgment an
testing of a single engine with varying EGR rate. It was not
clear from the information presented if BSFC was optimized at
each EGR rate, or if EGR was simply increased. No actual dara
not engine calibrattions were presented. Thus, Ehe oM
projection cannot be evaluated againsg the other threae
projections of no penalty. Thus, the conclusion of the !lPRM
will be carried forwarad here, that of no fuel penalty.

In summary, essentially all three manufacturers of HDUEs

.are in agreement with the Agency's conclusion that a 3.0

g/BHP-hr standard is feasible for 1988 model! year HBGEs. This
standard is obtainable far HDGEs within the available lead::re
constraints, and should result in no undue Cfuel ecapu-y,
performance, or driveability penalries.
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2, 5.0 g/BHP-hr NOx Standacd

In comments on the proposed 1990 model year 4.0 g/BHP-hr
NOx standard, tha manufacturers uniformly termed this standard
infeasihle, Chrysler did not believe that the technology which
will be available by the 1990 medel year will he capable of
achieving the 4.0 g/BHP-hr standard. Thus, Chrysler felt that
the Agency did not realistically assess the prospects that the
necessary control technolagy could be produced in time to
assure compliance. :

CM reported that its effort to reduce NOxXx emissions from
HDGEs used in trucks above 14,000 lbs. GVW from current lavels
to the level required to comply with the proposed standard, HC
emissions were doubled and fuel consumption was increased by
about & percent, Thus, GM believed that the 4.0 g/BHP-hr NOx
standard was not Eeasible because it would prevent compliance
with the 1.9 g/BHP-hr non-catalyst HC standard £for 1987 model
yaar heavy HDGEs; also, the fuel assumption penalty was

unacceptable.

Ford contended that EPA erred in its technological
feasibility assessment of the control methods required to meet
the standard. Ford was convinced that in order to reduce NOx
emissions to the 4.0 g/BHP-hr level, a three-way-catalyst was
required. According to Ford, a three-way catalyst 1s not
capable of operating under the high-temperature conditions
encountered by Class IIB, III, or VI heavy~duty trucks.,
Therefore, it determined that the 4.0 g/BHP-hr standard was not
feasible. Ford also questioned EPA's analysis of fast-burn
technology as a control method; Ford bkelieved that the bucrn
rates of the fast-burn cylinder heads described in the NERM
analysis will noct be significantly different than a
conventional head at the high speed and load conditions of the
heavy-duty transient test cycle, thus making no allowance for

further EGR optimization,

Since the 4.0 g/BHP-hr standard is no langer being
considered for HDGEs the abhove comments pertaining to the 4,0
g/BHP-hr standard must be analyzed with respect to a 5.0
g/BHP-hr level, However, little detailed technical analysis
was provided by the commenters Lo contribute to a detailed
assessment of either a 4.0 or 5.0 g/BHP-hr standard. Thus, the
analysis here will rely on the analysis performed for the NPRM
and 1985 certification data. Further, an adoption of a 5.0
g/BKP-hr- NOx standacd should mitigate many of the
manufackturers’ concerns,

The NPRM analysis stated that the low-mileage target for 2
5.0 g/BHP-hr NOx scandard would be 4.2 g/BHP-hr, Based on
1985-1987 protocype data, that analysis also showed two engines
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already to be below this level and the remainder requiring an
average 30 percent reduction in NOx emissions. Available 1985
Pederal certification data (Table 2-9) basically confirm this.
One engine is at the 4.2 g/BHP-hr target, while another is Jjust
slightly above this at 4.5 g/BHP-hr; these levels are being
achleved essentially with EGR and minor engine recalibration.
The remaining 1985 engines require somewhat more than a 30
percent reductiocn on average. However, this is not significant
since the current 10.6 g/BHP-hr NOx standard puts no pressure
on NOx emisaions, and, therefore, there was no¢ guarantee that
the low NOx levels achieved by prototype engines would appear
in certification., Given the faect that two engines in
production already essentially meet the low-miieage target and
a third protoype engine also met this level over a year ago, it
is difficult to argue that this level will not be feasible six
years hence. . This 1is especially true given the general
homogeneity -of HDGE technology, which stands in stark contrast
to the heterogepeous HDDE technology. The technologles
discussed in the WNPRM are applicable to any HDGE., Thus, the
5.0 g/BHP-hr NOx standard should be Ffeasible for HDGEs.

This standard will require control technology similar to
that required Efor the 6.0 g9/BHP-hr standard (i.e., combustion
chamber modifications, improvements to the intake manifeld, the
secondary alr system and the camshaft). However, because a
greater level of NOx reduction is regquired to reach 5.0
g/BHP-hr, a larger percentage of the fleet will require these
hardware modifications in addition to increased EGR rates and
recalibrations; burn rate improvements, as described in the
NPRM analysis, may also be required as a control technology.
Since roughly 15 percent of the current HDGEs of Table 2-9
essentially comply with the 5.0 g/BHP-hr standard without these
hardware modifications and assuming NOx averaging to be
available, it 1is estimated that roughly one-third of the
remainder will be able to do so as well. Therefore, of the
approximately 85 percent of the fleet requiring any additional
control, about two-thirds will require the hardware changes
described above, in addition ¢to increased EGR and engine
recalibration.

Although the 5.0 g/BHP-hr should be feasible wvia
engine~related changes as detailed above, this does not rule
out the possibility that manufacturers will decided to apply
three-way catalyst technology to meet the standard., Class IIB
and III HDGVs will be equipped with oxidation catalysts in 1587
to comply with the HC/CO emission standards and their LDGT
counterparts will 1likely be eguipped with closed-loop,
three-way catalyst technology. Thus, the step to three-way
catalyst may be considered .by some manufacturers. However,
such a c¢hange is not 1likely, since manufacturers have
repeatedly emphasized to the Agency their position that



2-29

significant questions of feasibility exist £for three-way
catalysts in the heavy-duty environment., It was for reasons
such as these, and their associated cost impacts, that EPA
chose not to propose a three-way catalyst based standard for
HDGEs in the proposal.

If done, application of three-way systems would involve
increased initial vehicle cost. However, fuel econemy and
performance should improve beyond current levels, as indicated
in Section II abkove for LDGTs. Otherwise, no substantial
adverse impact on fuel economy, performance or driveability is
expected, due to the substantial Jleadtime involved and the
hardware modifications available. Thus, a manufacturer would
only be expected to apply three-way catalysts 1f it resulted in
a net cost-benefit improvement with respect to its profits and
consumer satisfaction.

c. Conclusions

The following conclusions result from the preceeding
analysis of the comments provided on the technological
feasibility of the proposed standards and Ffrom the draft
regulatory analysis performed in support of this rulemaking.

A NWOx standard of 6.0 g/BHP~hr should be feasible for 1988
model year heavy-duty gasoline engines, Roughly ope-third of
all HDGEs are already in compliance with this standard without
any hardware medifications Efrom their higher NOx counterparts.
One-half of the remainder will require only increased EGR rates
and engine recalibration to comply. The other half will
require hardware modifications in addition to increased EGR and
recalibration. Complying with a 6.0 g/BHP-hr standard should
not result in undue fuel economy, performance, or driveability
penaltles for HDGEs,

A NOx standard of 5.0 g/BHP-hr should be feasible for 1991
model year heavy-duty gasoline engines. Roughly 15 percent of
cutrrent HDGEs are already in compliance with this standard
without any hardware modifjications Erom their higher NOx
counterparts, Assuming that NOx averaging will be available,
roughly two-thirds of the remainder will require only increased
EGR rates and engine recalibration to comply. The other
one=third will require minor hardware modifications in addition
to increased EGR and recalibration. This increased application
of control technology should avoid any measurable performance
or fuel economy penalties at the 5.0 g/BHP-hr standard level.
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IV. Heavy-Duty Diesel! Engines (HDDEs)

In developing the proposed emission standards for HDDEs,
the NPRM analysis[l] treated the process in two distinct
stages. In the first stage, the focus was on tha
jidantification of achiewvable emission levels for NOx and
particulate emissions in the near-term {1987)., In the second
stage, the focus was on levels achievable in the mid-term
(1990). The second stage of the development process included
khe evaluation of Cfeasible engine-out NOx and particulate
emission levels as well as the feasibility of trap technolecgy.
The identificavion of Ffeasible engine-out NOx and particulate
levels are rclearly related; consequently, they are discussed
together and the analysis of trap feasibility and associated
particulate standard levels is treated separately. Thus, the
near-term NOx and particulate standards are examined first,
Eollowed by the mid-term NOx and non-trap particulate standacds
and then the trap-based particulate standards.

A. Synopsis of NPRM Analysis

1. Near-Term NOx and Particulate Skandards

The NPRM draft regulatory analysis[l] of the technolegical
feasibility of the proposed 1987 NOx and ,particulate standards,
6.0 g/BHP-hr NOx and 0.680 g/BHP-hr particulate, consisted of
five steps and is summarized as follows. The first step was
the identification of NOx and particulate emission levels from
current engines. These data were broken down by HDDE subclass
{light (LHDDE), medium (MHDDE), and heavy (HHDDE)), because of
the technological differences in engine desiqgns hetween thesa
subclasses, NOx emission levels were obtained Erom both
Federal and California certification data. However, as
particulate emissions are not currently regulated, these data
had to be gathered from a wvariety of sources,

The second step in the analysis was the determination of
the low mileage emission targets and the amount of emission
reduction necessary for compliance with the proposed
standacds. The identification of the target level was
performed according to the same basic methodology described
‘above for LDTs and HDGEs. With rcespect to the amount of
emission reduction required, HDDEs were divided into two
groups: indirect injection (IDI} and direct injection (DL}
engines., In the case of IDI engines, (engines manufactured by
GM and IH), it was concluded that available transient test data
on the GM engine showed that it could alteady comply with rhe
proposed standards. Steady state data on the IH engine
strongly suggested that it also could comply. &s Eor the DI
engines, which constitute the majority of the HDDE Ffamil:ies.
all exhibited higher NOx and particulate levels than was -ne
case Efor the IDI engines, Substantial differences bhetween
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various DI engine confiqurat%ons were identified (naturally
aspirated, turbocharged or turbodharged with aftercooling).

The third step in the HDDE analysis on engine-out
emissions was the identification of the ctechnologies which '
could provide the necessary emission reduction necessary for
compliance with the proposed standards. The analysis for
LHDDEs (roughly equivalent ko IDI engines) was fairly
straightforward, since the available data indicated that these
engines were already at or bhelow the 1987 standards. The MHDDE
and HHDDE {(roughly equivalent to DI engines) analysis was more
complex and began with an estimation of short-term BSFC
improvemants, since reductiaons in fuel burned translate
directly to reductions in NOx and particulate emissions. The
analysis then moved on to an assessment of the effectiveness of
various techniques to directly control NOx and particulate
emissions, including injection timing retard and aftercooling.
On the basgis of the wide wvariation in engine design
configurations present and the disparity in emissions, it
appeared that each manufacturer, for each of its engines, could
adopt multiple emission control strategies for compliance with

emission standards.

The fourth step was an assessment of the effect of the
proposad 1987 standards on HC emissions and fuel economy. In
estimating the fuel aeconemy effects of rthe proposed standards,
EPA considered estimates provided by manufacturers as well as
estimates developed by the National Academy of Sciences (NAS)
(page 2-~76 in Reference 1)}, The resulting estimated effect on
fuel economy was for up to a two percent reduction initially
diminishing to zero by the third year of the proposed standards

{(6.0/0.60).

Leadtime was the final step, Since the emission control
strategies expected to be used in complying with the proposed
standards involved tecalibrations of injection timing,
modification of aftercooling and/or the addition of
aftercooling on some engines, the leadtime required for the
implementation of the proposed standards was considered to be
within the time proposed for implementation.

2. Mid-Term NOx and Non-Trap Particulate Standards

In the NPRM analysis, the assessment of the feasibility of
.the 1990 NOx and non-trap particulate standards was performed
in three steps and is reviewed as follows. The initial stap af
the 1987 analysis, the Qdetermination of current emissicn
levels, did not have to be repeated, singe it could be assured
that all engines would ke at the design targets necessary - .
meet the 1987 standarcd. Thus, the first step developed <re
target levels for the proposed 4.0/0.40 standards; the sire
methodology as had been employed for the 6.0/0.60 propys=d
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standards was used. The target levels develeped were 3.2-3.6
g/BHP-hr NOX and 0.30—0.33_9/BHP-hr particulata.

Next the analysis assessed the effectiveness of various
control techniques. Tachnologies projected to be required for
compliance with 4.0/0.40 engine-out emissions standards were
broader than those anticipated for Lthe 6,0/0.68) proposed
standards and included the following; additicgnal injection
timing retard, advanced aftercooling designs, improved
combustion chambers, high pressure fuel injection, exhaust gas
racirculation, electronic contrals, in-cylinder heat retention
and fuel modification. In light of the wide variation which
exists between specific diesel engines, it was anticipated that
manufacturers would, on an engine specific basis, select the
combinations of these technologies most appropriate Ffor @each

engine.

Finally in the third step, the effect of the proposed
standards on fuel economy was examined, In the short term,
i.e. immediately following the effective date of the proposed
standards, the projected effects of tha 4.,0/0.40 proposed
standards on fuel economy was for a 1-2 percent penalty which

should be eliminated with time.

3. Trap-Based Parkticulate Standards

In the NPRM analysis(l] of the feasibility of particulate
trap-oxidizers £or heavy-duty diesel use, EPA determined that
traps would be feasible for 1990 model year HDDEs. Due to. the
limited amount of available HD trap development data, the
analysis first examined light-duty trap status and then
considered the degree of additional development effort required
by the heavy-duty industry. As 3 result of this and the
ongoing research and development data, EPA concluded that
trap-oxidizers would be available to permit compliance with a
HDDE trap-based particulate standard; the standard level was
also calculated in this analysis. The following will synopsize
the four steps of the NPRM analysis: LD trap status: LD/HD
differences; HDD trap status; and emission levels.

Based on past EPA analyses and a contracted study(3.4,5],
the Agency concluded that light-duty trap technology was at a
very advanced stage of development and light-duty trap
oxidizers would be rtechnically feasible no later than the 1987
model year., The findings that traps were Ffeasible for 1987
model year LDVs was also based on Daimler-Benz's plans to
certify a trap-equipped vehicle to meet California's 1985
emission standards. Although there were still unresolved
problems associaced with some trap systems (e.g., introduction
of a fuel addicive =¢ cthe fuel to induce tegeneration, the
developnent of a fully automated positive regeneration systen,
and the occurrence of increased sulfate emissions from
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catalyzed traps), EPA believed that the other manufacturers
ware not far behind Daimler-Benz's trap development and

compliance was possible for 1987 LDV use.

The second step in the analysis examined the applicability
of light-duty trap technology to heavy-duty engines, concluding
that there was nothing preventing the adaptation of light-duty
technology, with additiconal development, 0 heavy-duty usage.
Thae further advanced light-duty etrap technolegy formed the
basis for the development of similar technology €£or the
heavy-duty diesel enging industry. However, conditions
specific ko the HDDE environment were identified which must be
considered in the design of heavy-duty trap oxidizers. The
major light-duty/heavy-duty differences included: engine size
and load factor; operating conditions and temperatures; the
useful life of the engine; and ash accumulaticn. Although
considerable development effort was found to be required of the
heavy-duty Industry in the adaptation of light-duty trap
technology for heavy-duty use, EPA did not consider the
problems to be without engineering solutions.

The analysis continued with a survey of the ongoing
heavy-duty trap research and development. The Agency found a
definite lack of data Erom the HDDE industry, noting the
difference between LD trap progress, where the LD industry has
had to work towards a trap-based standard, and HD trap
progress, where the HD industry has not had that incentive.
The limited development work was primarily £focused on trap
regeneration and its control. (Trap type, for the most part a
direct derivative of light-duty design, was not considered a
major obstacle, although some design effort in this area
remained)., Regeneration methods being evaluated included, but
were not limited to, burners, fuel additives and catalyzed
traps., Devealopment of an automatic regeneration control system
appeared to be the next major step. EPA realized that traps
were not at the time a viable particulate control, but the
Agency firmly believed that, with industry's vigorous pursuit
of a trap-oxidizer system, traps would be achievable for HDDES

by 1990,

The final step identified a feasible standard for
trap-equipped heavy-duty diesel engines. The proposed ctrap
standard was dependent on the following factors: nhe
engine-out design target level, the deterioration factor (DF)
the SEA adjustment factor and the trap efficiency. The ra:jet
lavel, SEA adjustment factor and OF for the engine-ouk emissin
lavel of 0.60 g/BHP-hr were determined in the non~-trap stantad
section of cthe analysis, The 1,0 DF for traps was based :n ![D
particulate emission tests of over 50,000 miles that reswu.-=d
in no significant detecioration. The final and most vac..o
factor, the trap efficiency, ranged from S50 to greater thar -}
percent, dependent on trap type. The Agency determined -«-i*

.
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with 80 parcent efficient traps, HDDEs could comply with a 0.25
g/BHP-hr standard; with averaging, approximately 70 percent af
the HDDEs would require traps. If essentially all vehicles are
equipped with 90 percent efficient traps then a 0.10 g/BHP-hr

standard was determined to be feasible,

The technology feasibility analysis concluded that there
appeared to be sufficient time for the manufacturers to design,
davelop, and prepare trap-oxidizers for 19%0 model year HDDEs.

This followed from the fact that kraps will be in production on
The five vyears of

adequate time for the additional design effort required for

HDDE modifications.

B. Summary and Analysis of Comments
1. Near-Term NOx and Particulate Standards

The proposed 6.0/0.60 standards €or 1987 represented an
attempt by EPA to obtain meaningful, yet balanced, reductions
in both NOx and particulate in the near term. For example,
greater NOx reduction rould have been proposed, California
already has a 5.1 g/BHP-hr NOx standard for HDDEs, However,
California has no particulate standard for HDDES and
particulate levels almost certainly average well above 0.60
qg/BHP-hr. Since EPA also desirted to establish near-term
particulate control, NOx controls were proposed only to the
point where they did not urduly impact potential near-term

particulate control levels.

Though always intertwined, the issues of feasibility and
leadtime are more separate here than in many other cases, due
to the Eact that the 6.0/0.60 standards were proposed to take
effect in a very short period of time, just over two years Efrom
the date of proposal., Thus, those issues related primarily to
feasibility will be discussed first followed by those concerned

primarily with leadtime,.

a. Feasibility

Overall, the 6.0/0.60 standards were fairly well received
by manufacturars. A number of manufacturers indicated rhat
they were feasible for either 1987 or 19488, Mosr,

manufacturers, however, took issue with the details of EPA's
analysis in support of the standards, Thus, these details rneed
to be addressed, as well as overall comments with respect =2

feasibility and leadtime,
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These details £all intoc three basic categories. The first
is the identification of the design goal, or target, associated
with the two standards. The second deals with the projected
aeffectiveness of control technology and the ability to reach
the design targets. The third deals with the effect of these
technologies on BSFC, or fuel economy.

i. Design Targets

Design targets are a function of: 1) the emission
standard, 2) the DF applicable over the full useful life, and
1) emission measurement variability. The medel, or equation,
used to determine a low-~mileage target based on these
parameters is wall known and accepted. The only issue relating
to the model itself is the assumption that the emission
variability of an engine is known sufficiently well to allow
usa qf the =z-statistic as an indicarion of the statistical
affect of this variability as opposed to the K-statisticg.
Therefore, differences in estimated design targets arise due to
the use of different input DFs and emission variabilities or
the use of the K-statistic rather than the z-statistic,

& substantial amount of comment was provided on the
development of the target levels necessary for compliance with
the proposed 1987 standarcds. Six commenters provided numerical
value comments on the low mileage emission target levels
necessacy for compliance with the proposed NOx and particulate
standards of 6.0 g/BHP-ht and 0.60 g/BHP-hr, respectively. The
target levels provided by the commenters ace shown below:

Low mileage Target Level {(g/BHP-hr)

Commenter NOx Particulate

Draft RIA 5.1-%.5 0.47-0.51

Cummins 5,25 0.42 {assumes improved

knowledge)

EMA 4,94-light heavy 0.35-light heavy
4.90-medium heavy 0.29-medium heavy
4.84-heavy heavy 0,21-heavy heavy

Ford LR 0.32-0.47-medium heavy=*

GM 4.5 ko 4,9%= 0.32 to 0.37n2

International 4.88-light heavy 0.36-light heavy

Harvester 1.84-medium heavy 0.30-medium heavy

Mack 3,49 for 0.47 {0.05% sulfur in
production fuel)
variability

. Depending on assumptions on DFs and variability,

Ll Target levels may be increased as mare knowledge is gained,
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The low mileage NOx target level was estimated in the
Draft RIA to be 5.1 to 5.5 g/BHP-hr, based on a coefficient of
variation (CQv) for NOx and particulate of 10 and 10-~l5 percent
respectively, and Cfull-life DFs of 0-0,48 g/BHP-hr NOx and
0.04-0.06 g/BHP-hr particulate and use of the z-statistic.
Neither Cummins nor Mack provided details on the methodology
used in developing their target level estimates, so their
estimates cannot be technically evaluated. However, both
estimates are inside the range ldentified by the Draft RIA, at
least for NOx, 50 their estimates of the NOx DFs and COVs must
te close to those of the Draft RIA,

The EMA, GM and IHC estimates were based on use of the
K-statistic to account for emission variability, which assumes
that the standard deviation of NOx emissions for a given engine
family is unknown. As discussed in the Draft RIA, the more
appropriate statistic is the z-statistic, since fairly accurate
estimates of the standard deviation will be available prior to
production decisions for 1988. For example, as evidenced by
Cummins' comments, manufacturers are already testing Ctheir
production audit engines for particulate, No new information
was received which justified changing this conelusion.

The DFs used by EMA and [HC were derived from in-use
engine data from two sources: 1) .an EEA study ({(performed €or
EPA) of vehicle testing performed at SwRI and 2) engine testing
from the joint EPA-EMA in-use test program. A linear
regression was performed on the after-maintenance data (oc
as-received if maintenance was not performed) €£rom these two
programs vs. mileage to derive DFs for NOx and particulate.
The resulting NOx DFs were not far from those estimated in the
Draft RIA, but the particulate DFs were substantially larger.

Generally, such regressions are performed to derive
estimates of average in-use emissions. This was the purpose ¢
the EEA study sponsored by EPA. Included in the results ¢
such a study is an estimate of how flegt-average emissions
change with mileage (i.e., an in-use average DF). Howaver,
unless the engines or vehicles tested meet the criteria r:r
inclusion in a recal! action, the resulting DFs are not
appropriate for use in a design target analysis,.

An analysis of the engines included in these two progriTs
shows their condition to be far Erom satisfactory for recill
evaluation., Many were tampered and restorative maintenance wi;
performed on only 13 5f 48 engines, Thus, the resulting ¥
essentially represant in-use DFs and not those :
well-maintained engines and should not be used here.
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The GM DF for NOx was estimated from a subset of the data
referenced by EMA and IHC., However, aven given this fact, it
fell into the range of the Draft RIA, GM's DF for particulate
was simply astimated to be 0.15 g/BHP-hr. This is well ocutside
the range used in the Draft RIA, but cannot he evaluated since

its basias is not known,

The Draft RIA NOx DFs were based on 1984 half-life data;
doubled to represent full-life DFs. Full-life 1985 data are
now available and are shown in Table 2-10. Only the
manufacturer-developed DFs are shown, since they are based on
acktual durability testing, Assigned DFs are provided by EPA at
tha manufacturers choice, but these are worst-case esktimates to
encourage actual durabilicy testing. Overall, half of the
developed DFs are zero and only three are significantly more
than the upper estimate used in the Dratt RIA (0.48 g/BHP-hr).
The average developed DF in each subelass is 0.0 (LHDDE), G.1
(MHDDE} and 0.32 g/BHP-~hr (HHDDE), Thus, the range of the
Draft RIA appears somewhat conservative for LHDDEs and MMDDESsS,
Since quite a few HHDDE DFs are quite near 0.48 g/8HP-hr, the
Draft RIA upper limit appears quite appropriate for thesge
It should be noted that manufacturers currently have

engines.

little pressure to redugce NOx DFs since the 10.7 g/BHP-hr
standard is well above low-mileage emission levels. Thus,
current DFs, particularly the largest, could very well

reprasent conservative estimates of future DFs when they become
a factor with respect to compliance,

Lacking data, the Draft RIA assumed the DF Eor particulate
emissions would be similar to the HNOx or HC deterioration
Eactors when expressed as a percentage of the emission level.
Commenters contended that normal wear in such compeonents as the
fuel injection pump, its controls, injectors and piston rings
would be expected to cause an increase in HC and/or particulate
emissions while causing a decrease in NOx emissions. Given the
fact that most NOx DFs are zero or negative and this would not
be expected for particulate, the use of HC DFs as a surrogate
is probably more appropriate, Raferring to Table 2-11l., for
LHDDES, the ratio of the mean deterioration factor to the mean
low mileage emission level was found to he 0.l14. Corresponding
ratios for MHDREs and HHDDEs were found to bhe 0.05 and 0.06,
respectively. Under a particulate standard of 0.60 g/BHP-hr,
the low mileage level will be roughly 0.5 g/BHP-hr and the
preceding ratios developed from actual HC deterioration factors
would correspond to particulate deterioration factors of 0.07,
0,025, and 0,03 g/B8HP-hr for light, medium and heavy HDDEsS,
respectively. These values bracket very closely the DF range
(.04 to .06 g/BHP-hr) developed in the Draft RIA., Thus, tnhis

range continues to appear appropriate.
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Table 2-10

L 1985 Faderal Full-1ife Decarioration Factors

bF (g/BHP-hr)[1]

’ LHDDE
| at 0.0 . _ !
IHC 0.0 }
MHDDE i
a1 0.0, 0.0
Caterpillar 0.02
mc 0.0, 0.0, 0.61 '
\
HHDDE 3
@ 0.65, 1.14
Caterpiliar 0.0, 0.0, N.47
cummins 0,07, 0,39, 0.46, 0.46
. ' Mack 0.00, 0.00, 0.00, 0.37
Volvo Whice 0.50
* Only manufacturer-developed DFs are shown. Assiqned DFa

are essaencially worst-case DFs and are not necessarily
indicacive of an engines accual DF. .

Cer— .
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Tabie 3-11

1985 Modal Year HDDE HC Emission Levals and

Detorioracion Facrtors Developed by Manufacturaers

HC lLow-Mileage Emissions

Manufaccurar

LHDDE
General Motors
Intarnational Harvescer

MHDDE
Cacarpillar
Genaral Motors
International Harveater

HHDDE
Caterpillar
Cunminsg
Geanaral Motora
Mack
Volvo Whice

HC DF

0.06
0.05,0.00
0.00,0.08,0.03

0.00,0.2:,0.01

0.00,0,00,0,00,0,02

0.00,0.00

0.19,0.00,0.00,0.00

.10

0.53,0.46
0.79

0.62
0.58,0,84
0.70,0.85,1.32

0.19,0.26,0.32
0.46,0.62,0.92,0,52
0.48,0.54
0.90,0,6%9,0.74,0.54
0.81,1.15
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With rtespect to the last pertinent £factor, emissions
variability, EMA, IHC, and GM all used estimates which included
lab=to-labh wvariability. This would be appropriate in an
analysis focused on pre-production certification reguirements,
if EPA were to perform confEirmatory tests at its own lab.
Howavar, tha focus here is SEA, because its requirements are
seatistically more stringent than those of certification., SEAs
ara performed at manufacturers' own facilities. Thus, any
differences between a manufacturers' own labs are well Kknown
and characterized. Thus, inclusion of lah-to-lab variability,
particularly insofar as these eastimates were based on the
variability among seven independent test facilities, 1is not
appropriate here,. When this 1is taken into account, the
estimates of EMA, IHC, and OM would be very similar te those aof

the Draft RIA.

Overall, ' then, the inputs parameters astimated in the
Draft RIA still appear appropriate., Thus, the design targets
remain unchanged at 5,1-5.5 g/BHP-hr NOx and 0.47-0.51 g/BHP-hr
particulate, Howaever, the Eact that most manufacturers’
estimated design targets were well helow these levels should he
kept in mind below as control technology effactiveness is
discussed. An unrealistically low design target overestimates
the degree of control necessary to achieve a standard.
Therefore, either the necessary application of technologies is
overestimated, or a standard is termed infeasible when it is

nat.

O A Control Technology Assessment

The analysis of HDDE control technolegy is inherently
difficult, because each manufacturers' engines are designed
somewhat differently and have varying technical capabilities,
Differences between the generic HDDPE subclasses compounds this
task. Thus, engine-specific analyses are not- possible due to
the complexity of the task. However, even if such an attempt
ware possible, the necessary data are not available in most
c¢ases. Thus, the .analysis in the Dratt RIA and that performed
here must address generic control techniques and reduction
capabilities, while at the same time considering differences
between engine designs insofar as pessible,

Another factor adding to the complexity of the task is the
rapid change in techpnology currently affecting HDDEs, New
tachnologies, such as enhanced aftercooling, variable injection
timing, electronic angine controls (EEC}, higher-pressure
injecticn and higher 2fficiency, faster response turbochargers
are all being intriduced to some degree to improve BSFC,
regardless of emission levels, However, many of cthese
technologies also Jdirectly effect NOXx and particulate and are
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those considered below asg potential contral
technologiaa. A problem is that all of these can be optimized
for BSFC or emissions and interact in a complex way. Thus, it
ig also difficult to determine a pre-control baseline. The
result ia that future technology must be estcimated both with
and without thess standards and data from engines encompassing
a representative sample of these technologies must be relied
upen to estimate overall control affectiveness. While
important here, these . factors are even more dominant in the
analysis of the 4.0/0.40 standards to follow.

among

Unfortunately, Llittle data were received in comments on
the 1987 standards which gquantified the affect of the various
control techniques projected to be both available and effective
in achieving these standards in the Oraft RIA, Most commenters
simply stated whether or not the 6.0/0.60 standards were
feasible and, if so, when, Some also presented their

qualitative judgment of EPA's feasibility analysis. A few
(#.g9., GM) presented charts of NOzx/particulate and NOx/BSFC
However, without test data

curvas for each of their engines,
and descriptions, - these also cannot be properly evaluated.

Manufacturers' comments pertaining te overall feasibility will
be summarized fEicst, followed by general comments, pertaining
to the Draft RIA analysis. These comments will then be
analyzed using what data were supplied, as well as those

included in the Draft RLA,

Daimler-Benz stated, without qualification, that thetr
MHDDEs could achieve compliance with the proposed standards in
1387, as did Volve White with respect to 1988. Ford also
stated that compliance with the ptoposed 1987 standards was
achievable, hut indicated this «conclusion was:® based on
praojections that both DFs and emission variability would be
low (which they expected and which appeared

relatively

reasonable given the analysis presented above). GM indicated
that its medium- and heavy-HDDEs could also comply in 1587, but
with some fuel ecohomy penalty (which is addressed below). in

the case of its light heavy-duty enqgine, GM indicated thar
compliance with both the proposed particulate and NOx standards
was not achievable simultaneously.

Comments by the other manufacturers as well as by EMA d:id
not include direct statements on either an anticipated abiliny
to comply nor an anticipated inablility to comply. However, the
comments did include discussions of the technologies required
for compliance and the time required for implementation. Thus,
it 1s reasonable to infer that compliance with the propnsed
standards was considered to ke technically achievable by <hnej-
other manufacturers, 35 well, Cummins and Mack did ment; =
implementation years of 1989 and 1890 respectively, £2c -
leagt the NOx standard, However, leadtime will be constizis|

further below.
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Ovarall, cthe only manufacturer to absolutely quastion the
feasibility of the 6.0/0.60 standards was GM for its LHDDEs.
On the surface, this is rather surprising since data generated
in EPA‘'as Ann Arbor Lab on a low-NOx version of this engine
{referenced in the Dbraft RIA) showed it to have the Llowest
comiination of NOx and particulate emissions of any engine (3.0
NOx and 0.46 particulate, g/BHP-hr). Alsc, prototype data
submitted by GM after the original proposal (then confidentiatl,
but receantly made public in an EPA-sponsored study(6]) show
emissions to be 4.1 NOx/0.46 particulate and 2.8 NOx/0.52
particulate at two calibraticna (all in g/BHP-hr). While the
lavels of 1984 production engines are somewhat higher (4.2
NOx/0.66 particulate ang 3.8 NOx/0.62 particulate,
respectively), these levels are still low relative to those of
the other engines and no incentive existed in 1984 to keep
either NOx or particulate as low as the prototype levels,

GM did not refer to any of thesa data, but did present a
NOx/particulate trade-off curve for this engine. The curve is
slightly bhelow the 1984 production data, but well below
prototype curve, No explanaticn 1is given concerning the
prototype/production difference, Also, GM's estimated design
target for the particulate standard is 0.32-0,36 g/BHP-hr,
which i3 below even the prototype data and may explain GM's
conclusion. It should not be necessary, based on EPA
estimates, to design an engine below "a design target of
0.47-0.51 g/BHP-hr particulate, as discussed above,
Consequently, this engine must be considered capable of
complying with the proposed standards.

Moving on to comments on the Draft RIA analysis, a number
of manufacturers (Caterpillar, in particular) indicated that
some of the analyses were rather simplistiec and not realistic.
For example, Caterpillar took issue with EPA's statement that
California's 5.1 g/BHP-hr NOx standard could easily be met with
simple injection timing retard. Caterpillar also disagreed
with EPA's implication that transient particulate emissions can
be reduced to steady-state levels, through improved transient

fuel rate control,

With respect to the first statement, Caterpillar took the
skatement more literally than intended. The primary point
being made was that, with respect to technigues designed
primarily to control NOx control techniques, injection timing
was sufficient (i.e., nc other NOx control techniques weare
required) and the point was not that absolutely no other
changes (e.g., recalibrations) would be required., Caterpillar
lists a number of changes made to its California engines in
addition to 1injection timing retard, such as power de-rate,
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turbocharger modifications, and fuel governing modifications,
These are readonable recalibrations whenever a basic engine
parameter, such as injection timing, is changed. However, they
in themselves are not necessarily NOXx control techniqgues,

though their cost must be considered,

With respect to the second statement, Caterpillar's
judgment is based on a belief that advances in turbocharger
design have already achieved most of what is to he gained in
improved transient response. Further, they claimed that

‘over-fueling is necessary to accelerate an engine. Again, the

point being made in the Draft RIA was not that the entire
transient/steady-state difference could be eliminated, but that

improvements were possible and the current
transient/steady-state difference was an indicaticn of this
potential, Given the work known to be underway by both

and other HDDE manufacturers--

turbocharcger ~"manufacturers
evidenced by the numerous technical papers in the area aven

though most of what is bheing done is proprietary--it does not
appear reasonable to conclude that turbocharger response cannot
be measurably improved. Also, the potential capability of
electronics to precisely limit fuel delivery bto minimize any
particulate controls/performance could also be substantial,
Whether such improvements can be achieved by the 1987-1988
timeframe fleet-wide is another issue. .

Each manufacturer also identified, in varying degrees of
detaill, the technologies which it expected ko use on ane or
more of its engines to achieve compliance with the proposed
6.0/0.60 standards. The technologies identified were as
follows: 1) application of turbocharging, 2) turbocharger
modifications, such as improved efficiency and transient
respanse, 3) addition of aftercooling o turbocharged engines,
4) enhanced aftercooling), 5) 1injection timing retard, &)
addition of wvariable injection timing, 7} increased fuel
injection pressure, 8) fuel injector modifications, and 9)
modifications to the combustion chamber and air swirl rcate,
Manufacturers also itndicated that they anwvicipated an ongoing
introduction of electronic controls focused mainly on the
minimization of fuel economy penalties.

These Ltechnologies are basically the same as rhose
projected in the Draft RIA for beth the 1987 and 1990
standards. While some use of the technologiss associated with
the latter standard was anticipated in 1987, manufacturers
appeat to be utilizing a greater number of combinations of
technologies at the 3.0/0.30 level than had been praojected in
the Draft RIA, gpussibly because of fuel economy concerns,
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Telephone communications with manufacturers concerning
their 1985 model year California engines  showed that
combinations of the technologies listed above are in use on
these engines, However, since the half-life California NOx
standard 13 essentially equivalent te a 5.1-5.35 g/BHP-hr
Eullelife sktandard, it is 0.65-0.9 g/BHP-hr more stringent than
the proposed Federal standard and not all of these technology
modification/additives (at least these which are NOx related)
should be required to comply with the 6.0/0.60 standards,

With respect to the NOx standard, EPA acknowledges that
sole reliance on injection timing retard to achieve compliance
in the 6.0 g/BHP-hr NOx standard could result in significant
Euel penalties, Thus, to minimize fuel penalties manufacturers
may elect bto increase the use of aftercooling and variable
injection timing. However, the use of enhanced aftercooling,
pacticularly ‘air-to-air units, appears mare appropriake at NOx
levels more stringent than 6.0 g/BHP-hr, it should not be
necessary at 6.0 q/BHP-hr NOx. If air-to~air aftercoocling were
applied, it would be to reduce BSFC and should not be included
a5 a cogt of the 6.0 g/BHP-hr standard. )

With respect to particulate emissions, some additional use
of turbocharging was projected in the Draft RIA, particularly
with respect to Caterpillar's 3208 engines. This was confirmed
by Caterpillar in their comments. Also, the Draft RIA
identified the general need for modifications to existing
engine components, but none invelving addicional hardware.
Thase components include modified injectors and combustion
chambers, improved fuel governing during transients, and
moderate increases in injection pressure, all of which are
described in more detail in the Draft RIA.

Due to the difficulties mentioned above, such as
hetetogeneous engine designs, lack of engine-specific data and
rapidly changing technology to reduce BSFC, specific estimates
of the technological changes necessacry for each engine cannot
be made. Howaver, most of the changes described above
primarily involve research, development and tooling. "The
revised components should inherently be no more expensive in
the long-run than the original components. Thus, the cost of
these standards may not depend strongly on the number of
changes made, but rather on the naeed to perform the necessary
research and development to determine which changes actually
need to be made. For the most part, much of this research has
been ongoing already or pertormed.
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iii., HC and Fuel Economy Effects

No technically supportable comments ware received
indicating the 1988 standards would significantly increase HC
emissions. However, comments pertaining to the fuel economy
effects of 'the proposed standards were provided by most
commenters., The estimated fuel economy penalty anticipated by
each commenter are shown helow together with the basis for the

estimate, when one was provided.

Commenter Fuel Economy Penalty.

Caterpillar 3-12 percent (1585 Federal/
California difference)

Cummins 1-3.5 percent

GM 3-5 percent for MHDDE
4-6 percent for HHDDE
2 percent for new design HHDDE

International Harvester 4-8 percent Lfrom NAS study
5.4-7.2 percent MHDDE
7.7-8.3 percent HHDE (1985
Federal/California difference)

Mack 6 percent (1985 Federals Californtia
difference is 4.7-12.5 percent)

Daimler-Benz No significant loss in fuel economy

Many of the manufacturers’ projections on reduced
efficiency of fuel wutilization were based on differences
between 1983 model year Federal and California engines. This
is not an appropriate comparison since the California standard
is 5.1, not 6.0 g/BHP-hr and the California engines are 1985%
models, not 1988. The California standard is a Eull-l:ife
standard, but does not include an assembly line test program,
This allows a somewhat smaller safety margin, since SEA is
generally considered to be statistically more stringent rhan
certification. However, this difference should be only a smail
part of the 0.5 g/BHP-hr margin attributable to SEA., Thus, nhe
California praogram <~an be considered to be essentially on pag
with the Federal program at equal scandard levels., As the .1
g/BHP-hr NOx standard is much closer to 5.0 rather than -.?Q
g/BHP-hr, the California data are more useful in assessiny rae
fuel economy ecfect of the 5.0 3g/BHP-hr standard than thiz

[HC made an dtitioaniai cormrens =hat the MNAS study wa.
based on “old" =eunn o 3y, 33 concluded in the Draft RIA.
an advanced enginn “wvann.iogy, it least insofar as the diaq.
supplied, Whether .:. nor =nis is true for other manufacr::.
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data cannot be determined, since n¢ other comments were
received on this point, However, even 1f some of the data were
from advanced technology engines, the ahsolute NOXx and HSFC
levels of the NAS curve and the resulting trade-off make it
apparent that any advanced technology was applied to optimize
BSFC and power and not NOx, control. This appreoach is not
consistent with the approach taken in estimating the economic
impact of this rule (see Chapter 1), where the <ost of advanced
technology is being charged to NOx control. Given this., any
fuel penalty should be determined from the BSFC of the engine
without the advanced technology, not with it. Also, the nature
of the NAS study made it impossible to cite the specific data
used to derive their NOx/BSFC curves. Therefore, it cannot be
determined how much optimization of BSFC occurred at low NOx
levels, Thus, the NAS BSFC/NOx curve still appears to
overestimate the effect of NOx control.

There 1s another reason why some of the manufacturers'
estimates shown above may overestimate the fuel economy penalty
of the 6.0 g/BHP-hr standard. That is the fact that at least
GM and IHC wused a low-mileage NOQx design fLtarget 0.6 g/BHP-hr
lower than that necessary, Use of a 5.1-5.5 g/BHP-hr target
would result in lower estimated fuel penalties. This appears
to be confirmed by Cummins estimate., Cummins' estimated a NOx
design target with the above range and also ptojected the
lowest fuel economy penalty of any manufacturer, except
Daimler-Benz. .

while 1985 California BSFC penalties cannot be directly
applied to the 6.0 g/BHP-hr standacrd, they «can 'be used
indirectly to confitm the 0-2 percent estimate of the NERM.
These differences between the California and Federal situartion

need to be considered. One, an additional three years of
leadtime will be available allowing additional control system
optimization Twa, the low-mileage targets will be 0.%

g/BHP-hr NOX higher so less NOx control will be required,
lowering any fuel penalty. Three, the technologies heing used
in California are primarily quick €fixes, requiring low initial
capital’ investment (research, development, soiling), Given the
longer leadtime available and the fact that nationwide sales
will be effected by high BSFC, and not just California salus,
much more comprehensive research and development, resulting in
optimized control approaches and lower BSFC penalties, sheuid
result even with troday's technolegy. Thus, the upper end .r
the current California penalties must be considered extiesn=

under these conditions. The lower end of the penalties, -j
percent, should 1lzo be  abkie r3  he Leovaraed, Jiven :
additional leadtirme and 3dded resuwn fir the 3ame iavess - o
{i.e., Federal vs, Califzcnia sil=3), Thui «n averige |

short cerm, 3 maximuin pensiny ¢ 2 pergent may resulyt froogo

6,070,680 standards, The posgsibilicy 27 no genilty also =x.
given Daimler-Benz' oumienc, Thus, wn nhe short  term,

average fuel econory pensiny should ke 0-2 cercent,
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In the long run, beyond 1988, one would expect the penalty
to disappear altogether, This 1is  Dbecause the advanced
technology projected in the 1991 timeframe should improve fuel
aconamy such that any short-term penalty will ba eliminated by
the early 1990°'s. Also, general imptovements in BSFC will
lower fuel consumption over the emissions test cycle and, other
things being equal, NOx and particulate will decrease as well.

It was estimated in the Draft RIA that BSFC would decrease
roughly L.5 percent per year in this timeframe based on
comments from MVMA and EMA to the MOBILEZ development process
confirm thia figure. Thus, three additional vyears should
provide a 4-5 percent reduction in NOx emissions simply due to

BSFC improvements.
b. Leadtime

The issue of the amount of npecessaty leadtime associated
with the 6.0/0.60 sctandards received a substantial comment.
This analysis will begin by describing the steps necessary in
daveloping engines and vehicles to meet emission standards,
along with the time associated with each step. The comments to
the 1987 implementation date will then he summarized, followed

by an analysis of those comments,

All work necessary for emissions compliance by the engines
does not have to be completed pricor to initiation ©f design
work for engine integration into the vehicles, but sufficient
progress has to be made in engine develapment so as to clearly
dafine the engine envelope (overall spatial requirements of the
engine, ingcluding aftercooling). The primary tasks involved in
the successful development and marketing of engines complying
with the §.0/0.60 g/BHP-hr standatds in vehicles are shown in

Table 2-12.

The total leadtime requirement for engine development is
the sum of tasks A through H less task €, or 31-38 menths,
Since the standards arte applicable to all HDDEs, the greater of
the two time requirements for durability data development wis
used., [In the wcase of vehicle development, the leadriTe
required is the sum of tasks A, B, C, I, J, and K, or a runi!l
of 28-36 months.

Starting with a March 15, 1985 date for publication of rnre
final rule, ¢the time available £for implementation of new
standards by the 1987 model vyear (January 1, 1987) wauii ce
approximately 21 months, The time available for implement:: n
0f new standarcds by the 1238 model year (January 1, 1288) . ..!
be approximacely 33 montns, Since the time available -
implementation by rhe 1987 model year is significantly ...
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Table 2412

Leadtime Projection ~ 6.0/0.6 Standards

Task

Time Regquired

A,

Identify, by engine, technologies probably
raquired for compliance, develop inicial
designa

Procure initial design hardware, build and
test initial design test engines

Develop engine envelope requiraments for
vehicle bullders

Develop secdnd level engine designs

Procure hardware, build engines wich
alternative calibrations and develop
emission daca and fuel economy
characteriscics by caiibration to define
durabilicy engine calibracions

Davelop emission durabilicy daca

Develop data from emission daca engine

QCoordinate emissions cercificacion
compliance wich EPA

NDevelop overall vehicle design cnnsidering
the effeccs of all angines offered in each
vehicle

Procure new dies for cthe panufaccurer of
redesigned vehicie companencs

Confirm mechanical Aurability of redesigned

vehicle componencs

R

Reference 2.

3-4 months

4-6 months

1-2 months

2-3 moenths

8-9 months

4«5 monehs

for Light=-
heavy

1i-12

monchs for
heavy~heavy
1L monch

2-3 months

8-L0 moncths

7-9 monchs™*

5 monthsg**

60,000 miles ac 30 mph average speed, two effective 7-hour

shifcs per day ani six days per week,
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than even the minimum time estimated above, implementation in
the 1987 model year does not appear feasible for most engines.
The time available prior to the 1983 model year is within the
range of astimated time required. Also, the entire process can
be accelerated in those extreme cases where more time 1is
necassary. Thus, 1987 should be ruled out on the basis of
inadequate leadtime for industry-wide compliance; however, the
1988 model year appears feasible.

Moving to the comments, one commenter, Daimler-Benz,
stated that their engines could be brought into compliance with
the proposed standards for the 1987 model year., GM stated that
all but their one LHDDE could comply in 1987. However, other
commenters indicated that a greater amount of time was
raquired, usually one year, but occasionally more,
Specifically, Ford and Volvo White acknowledged that 1988 was
feasible while Caterpillar indicated that 1988 was the earliest
date Efeasible. International MHarvester estimated that 39
months starting from the date that the engine configuration is
finalized would bhe necessaty to allow integration of the
reconfiqured engine envelope into the vehicle, to accommcdate
changes in engine «<ooling requirements, the addition of
air-to-air aftercooling, the additien o©of electronics and
compliance with noise and safety standards.

Cummins and Mack requested that the standards be delayed
until 1989 and 1990, respectively. Both cited the statutory
mandate of 4 years leadtime, 'but also referred to technical
difficulties. Cummins indicated generally that anything less
than the statutory leadtime would require them to accelerate
development of their planned engine modifications to a degree
which would seriously affect the ducrability, reliability and
fuel efficiency of their engines. Mack considered the 1990
date necessary because essentially all Mack engines had to be
redeveloped and personnel limitations precluded wearlier

completiaon.

The two projections {(by Daimler-B8enz and GM) of 1987 as
the feasible year of introduction indicates the ability ro
compress the schedule described in Table 2-11 abhove. I may
also indicate that manufacturers are starting from different
points (i.e., levels of current emissions).

Without emission data or specific leadtime estimates, 1t
is impossible to evaluate the [HC, Cummins and Mack leadrime
estimates, which are the only ones requesting time bteyord
1933, (Cummins' 3nd Mack's legal agreements are addressed in
the Preamhle o the FRM.) Generally speaking, the types ¢
changes being referced to by [HC should not be necessary -
comply with the 5.0/7.430 standards, They may be desirable ;&
the long-run to improve BSFC, but w=hey are not driven by rhe
6,0/0.60 standards,
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Given the above leadtime. analysis, the infeasibility of
1987 as an effective date, the general support for 1988 as a
feasible year of implementatien, and no clear, supported
arguments by any manufacturers against iy, 1988 is determined
to be the year the §.0/.60 standards should be implemented.

2, Mid-Term NOx and Non-Trap Particulate Standards

A mid-term {19950) NOx standard of 4.0 g/BHP-hr was
proposed for all HDDEs. A 1990 particulate standard of 0.40
g/BHP-hr was also tentatively identified as the non-trap
technological limit, and proposed as a possible standard for
non-urban {line-haul) HDDEs. In identifying these levels, the
same approach was used as that described above concerning
development of the near-term standards. The goal was to obtain
both NOx and particulate emissions, but NOx emission control
was balanced so as not to severely impact the ability to

control particulate emissions.

The difficulties in performing an analysis such as this,
which were described with respect to the 6.0/0.60 g/BHP-hr
standards above, apply even more here, While the heterogeneity
of engine designs is the same, technology is changing even more
dramatically in this later timeframe and the 1interaction
between control techniques is even stronger. Also, even less
data exist than was available for 1987 technology, to base

feasibility judgments on.

Again, as with the 1987 standards, there. are two basic
issues: technical feasibility and leadtime., However, here the
issues associated with leadtime are much less significant,
because the implementation date 1is sufficiently distant to
allow significant research and develepment application., The
long leadtime available should provide manufacturers with
adequate oppottunity to overcome problems and undesirable
effects associated with additionmal NOx control, Also, the
proposed 1987 standards requice delay until L1988 and the Act
requires a three-year interval for MNOx emission standards:
thus, the mid-term NOx standards cannot take effect wuntil
1991. This analysis will presume simulranecus implementarion
of both NOx and particulate standards since that will maximize
the manufacturers*' ability to design engines that can meet both

standards.

a. Technical Feasibility

The analysis »f =hese technical comments will follow =<na-s
for the 6.0/0.60 g/BHP-hr standards. The one exception is =ni-
no reanalysis of desiin nargets will be performed here. Yo

information is agpil:caole that was not already discussed wi:
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respect to the 6.0/0,60 standards. That analysis confirmed the
Draft RIA's kargets. Thus, the Draft RIA NOx target of 3.2-3.6
g/BHP=-hr will be used below. A target associated with the 0.40
¢/BHP~-hr particulate standard was not explicitly determined in
the Draft RIA, bub it would be . about 0.30-0.33 g/BHP-hr. The
only point to keep in mind is that the targets manufacturers
used in assessing the feasibility of the 4.0/0.40 g/BHP-hr
standards are, for the most park, significantly lower than
those deemed necessary here. Therefore, their statements may
exaggerate the feasibility efforts of various standard levels.

Evaery manufacturer stated that the 1990 4.0 g/BHP-hr NOx
and 0.40 g/BHP-hr particulate standards were not
technologically achievable with any combination of known or
anticipated technolegies. While the analysis of the Draft RIA
for both the 4.0 g/BHP-hr NOx and 0.40 g/BHP-hr particulate
standard identified a number of potential control technologies
in each case and used available data to roughly estimate the
potential control efficiency of each technique, neo commenters
presented parametric studies of any of these technologies which
would better demonstrate their potential effectiveness. Many
general comments argued against the efficiencies estimated in
the Draft RIA, based on technical grounds, but without the
depth of analysis necessary to fully support the point being
made and negate the point of the Draft RIA. Thus, while a
degree of doubt has been thrown on the estimakes of the Draft
RIA, insufficient data are available to go through the NHPRM
analysis point by point and reestimate. the effect of each

technology.

However, some confidential data were made available
indicating the combined effect of a number of these techniques
(e.g., increased injection pressure and enhanced attercooling),
as well as the projections of the levels feasible in this
timeframe. While such data cannot be used te directly
determine the €fullest peotential of wvne or more technologies,
they do represent the most quantitative set of estimates
available. Some degree of evaluation can be applied using the
astimates of the ©Draft RIA. To Eacilitate their use here,
these data have been combined into a single figure (Figure 2-2)
which shows both current tevels of HNOx and particulare
emissions and the manufacturers anticipated achievahle levels,
Superimposed on the best achievable emission contral
projections are the range of low-mileage targets as previously
developed for the 6.0/0.60 standards (points A, and A,) and
the midpoint of the low-mileage targets for the engine-jut
standacrds of 4.,0/0.40 (point E). A low-mileage target leve! . f
4.2-4.68 g3/BHP-nc f3r 3 NOx standard 2f 5.0 q/BHP-hr (vern. 3.
lines B) was also developed by the same procedure and e
midpoint shown cfor compariscen purposes. Particulate lew=..
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and D correspond to the intercepts of lines C with the upper
and lower bounds of the projected range of emissions using best
available technology combinations as estimated by the

manufacturers,
The CEirst observation to make about the best technology
through the

astimates i3 that the upper Limit barely passes
Thus, it represents

design targets Ffor the 6.0/0.60 standards,
fairly near-term *"hest technology.” Second, the lower limit
does not even approach the targets for the 4.0/0.40 standards.
Given this, it is reasonable to evaluate the lower limit of the
bast technology curve against the projections made in the Draft

RIA.
First, with respect to NOx, the Draft RIA analysis of 4.0
g/BHP-hr NOx relied upon large NOx reductions at constant BSFC
for separate circuit and air-to-air aftercooling, This
gstimate was based on data from one GM/DDA engine and involved
estimating NOx reductions beyond that evidenced by the data
based on an estimated BSFC/NOx tradeoff Efor timing cetacd,
no actual MNOx data below 5.0 g/BHP~hr were available.

Thus,
Complicating matters was the absence of any patticulate data in
While it can be assumed that these were not abave

0.80 d/BHP-hr since BSFC was improving, particulate may have
been well above (.60 g/BHP-hr. Thus, these data may not he
inconsistent with the curve in Figure 2-2, the problem may be a

lack of particulate control, not NOx contraol.

Based on testing performed on the same DDA engine,
Draft RIA estimated that electronic engine controls (EEC) also

had the potential for large NOx reducticons at constant BSFC,
the estimate involved assuming a BSFC/NOx

Again, however,

tradecff curve for the engine and using timing retard against a
BSFC improvement to estimate NOx emissions at constant BSFC., A
6.0 g/BHP-hr NOx level was the lowest actual data point in this

the study.

the

analysis.
Many manufacturers stated that this analysis overstates
the benefit of EEC. Some argued that the NOx benefit of EEC
depends on the final NOx level (i.e., its henefit is large at
6.0 g/BHP-ht NOx and negligible at 4.0 g/BHP-hr),. Others
argued that the benefits of enhanced aftercooling and EEC were
mutually exclusive, due to the fact that combustion efficiency

limits the use of either technology and determining when both
increase dramatically.

BSFC and particulate emissions begin to
Without data or sophisticated combustion analysis, it 1s
impossible to prave woar disprove these comments, However, rhase
data could be consistent with that Lln Figure 2-2, given =rac
particulate emissions are unknown,
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Wwith respect to particulate contrel, the Draft RIA
analysis was much more general and based on less data than that
for NOx, as 0.40 g¢g/BHP~hr was not the primary proposed
standard. fThe most feasible technique for the 1990 timeframe
was high-pressure fuel injection. The only data available were
steady-state emissions on one engine. The other technologies
were 1) injection rate modification and/or modulation which
would require significant advances in injector technology, 2)
ceramics, which are not progressing as fast as some had
projected a year age, and 3) conversion to methanol fuel, which
though technically feasible requires the establishment of a
fFuel distribution system (except £for buses, as discussed
below). Otherwise, small improvements could be expected from
general BSFC improvements, and for additional optimization of
injectors and combustion chambers, Thus, little data exist
with which to refute the data in Pigure 2-2 and 1t must be
taken as the best estimate of technology in the 1931 timeframe
at this time. ,

Given this, a 5.0 g/BHP-hr NOx standard for 199) appears
moast reasonable Instead of the proposed 4.0 g/BHP-hr standard.
This is principally because of the adverse tradeoff between NOx
and particulate which appears likely. While a 4.5 g/BHP-hr NOx
level may be potentially achievable, particulate emissigns
appear to begin increasing at a distinctly higher rate helow
5.0 g/BHP-hr NOx., Also, below 5 g/BHP-hr NOxX, particulate
emissions could in some cases increase well above 0.6 g/BHP-hr,
making trap applicatien wvery difficult. This would bhe
particularly true with cespect to the 1991 0,1 g/BHP-hr
particulate standard for buses. The BSFC tradeoff would also
begin increasing dramatically here, as well,

With respect to particulate, the range of expected low
mileage engine-out particulate levels corresponding to the
target level required for a NOx standard of 5.0 g/BHP-hr would
be 0.42-0.54 g/BHP-hr (levels C and D in Figure 2-2). IFf it is
assumed that ttap-based standards are implemented in 1991 and
1994 (i.e., pressure to contrel particulate continues through
the 1994 timeframe), then it is Iikely that progress will
continue to be made in reducing engine-out particulate levels
down to the lower best technology curve, resulting in an
engine-out particulate level of 0.43 g/BHP-hr by 1994. If
stringent 1991 non-trap particulate standard were Iimplemented
in 1991, it should also be able to reduce engine-out levels to
0.42 g/BHP-hr, but three years earlier. Thus, at best, a 1991
non-trap standard 0.50 g/BHP~hr appears achievable.

These levels are at least partially proposed by two
manufacturers. Cummins recommended (at the public hearing on
the NPRM) 1982 target standards of 4.5 g/BHP-hr NOx and (.50
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g/BHP-hr particulate, pDaimler-Benz recommended 1990 standards
of 5.1 g/BHP-hr NOx and Q.60 g/BHP-hr particulate. Other
commenters either did not recommend any alternative standards
to 4.0/0.40 g/BHP-hr or recommended retaining the 6&.0/0,60

9/BHP-hr standards indefinitely.

b. Effect on Fuel Ecodomy

As all commenters stated that the 4,0 g/BHP-hr NOx
standard was infeasible, no estimates of its effect’ on fuel
ecanomy were made. Nor were any comments received addressing
the effect of a 5.0 g/BHP-hr NOx standard. However, the latter
can be estimated from the 1985 CaliforniasFederal comparison

conducted above,

As in that section, there are a number of differences
between the 1985 California 5.1 g/BHP-hr standard and the 1991
Federal standard of 5,0 g/BHP-hr. First, the Federal
low-mileage target 1is slightly more than 0.1 g/BHP-hr lower
than that in California., This would tend to slightly increase
the EFuel economy penalty, Second, six years of leadtime exist
between the California and Federal situations to davelop
improved technology. Third, any adverse BSFC effects would
affect Federal sales, which is roughly 10 times larger than
California‘'s, Both the available leadtime and the porential
national sales impact, manufacturers would bhe expected to do

all that is possible to eliminate any BSFC effect, as opposed,

to the California approach, which is more shaort-term, quick-fix
oriented. .

Given that significant NOx control technologies such as
electronics, separate-circuit aftercooling, and air-to-air
aftercooling are not currently present at all in California,
and given their projected widespread use by 1591, it would
appear that the additicnal leadtime and potential national
impact would overwhelm the first. Overall, it would not appear
unreasonable Lo project the same leong-term fuel economy impact
here as that projected in the NPRM Efor the 4.0 g/BHP-hr
standard, zero percent. However, due to uncertaincy in <«his
analysis, and the projectinn that the BSFC/NOx curve bhegins ru
kurn sharply upward at approximately a 5,0 g/BHP-hr standard, a
long-term 0.5 percent fuel econcmy penalty may occur, [n the
short-term, a slightly higher (.0 percent penalty may b&e

experienced,

3. Particulate Traps

In tesponse <. the NERM, th=e Agency received 1 o
number of Comrents diracred nlwacds iTs  heavy-duty T
feagibhilicy analyig. A3 exp.ained sbave in rhe synops: o :
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the NPRM analysis, the Agency concluded that traps were
feasible FEfor 1990 model year HDDEs, extrapolated from the
status of light-duty trap technology and the design effert
necassary to adapt this technology to heavy-duty usage. The
comments were both supportive and critical of EPA's analyses
and conclusions. This part of the regqulatory impact analysis
will respond to the comments, concentrating on the points of
the analysis with which the commenters disagreed. New
information that is ©pertinent to the heavy-duty trap
feasibility question will also be incorporated, The comments
will be addressed in the same format used in the previous
analysis: light-duty trap status; LD/HD differences;
heavy-duty trap status; and emission lavels. In addition, the
leadtime issue will also be addressed.

a. Light=Duty Trap Sktatus

The status of light-duty trap oxidizers was generally not
addressed by the commenters. The notable exception was General
Motors. GM's position is that Etechnology is still not
available to meet the promulgated 1987 light-duty vehicle and
light-duty truck standards. The extensive LDT testing (200
alternative Ffuels and fuel additives combined with over 150
trap materials in over 500 traps) conducted by GM has not
resulted in an identification of a LD trap that can be
committed to a production program. Thus, GM strongly objected
to EPA's conclusion that light-duty traps are technically
feasible for 1987 model year vehicles. o,

General Motors' comments notwithstanding, the Agency's
position in the NPRM was borne out by Mercedes-Benz's
certification of its 3L turbodiesel, equipped with a trap to
meet the California Air Resources Board (CARB) 1985 model year
standards. [8} CARB*s 1985 standard for California light-duty
diesel vehicles is 0.40 grams per mile {g/mi) particulates, to
be Curther reduced to ¢.20 g/mi in 1986 and 0.08 g/mi in 1989.
In addition to its 1985 California LDDVs (which are also so0ld
in other western states), Mercedes-Benz plans to add traps to
all its U.S. sold 3L LDDVS in 1986, a vyear prior to rhe
promulgated 1987 0.20 g/mi standard.

Mecrcedes~Benz is not alone in certifying a trap-equipped
LDDV, Volkswagenwerk AG (VW) plans to install a trap on 1ts
larger diesel LDV ({(Quantums) in California beginning in rne

1986 model year.[7] VW intends to equip all Efederally
certified Quantums with trap-oxidizers the follewing vyear =2
comply with the 1237 LDV particulate standards, The r~:.)

applications of Mercedes and VW are proof that trap-oxidiz-:.
are a viable form «f light-duty particulate emissiens contrt i,
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b. Light=-Duty/Heavy-Duty Differences

The manufacturers which commented agreed with EPA's
analysis of the differences between light- and heavy-duty
applications that must be considered in the design of a

heavy-duty trap oxidizer. Comments frem the manufacturers
restated these differences (engine size and load factor,
temperatures, durability, and ash

oparating conditions and
accumulation), adding wvery little to what was praviously
reported in the draft analysis. The design efforts continue to
be directed towards a suitable regeneration system that can
handle the increased exhaust flow of the heavy-duty engine
environment and the generally lower exhaust temperatures of a
turbocharged engine. The commenters believe that the greatest
daesign challenge is the required durability of a heavy-duty

trap as oppesed to a light-duty trap.

while no one found fault with the Adency's identification
of these design obstacles in the adaption of trap technology to
heavy-duty use, some of the manufacturers strongly disagreed
with the Agency's conclusions that these obstacles are not
insurmountable and traps would be technically feasible by the
proposed madel year (1990). However, none presented specific
data or engineering analysis to demonstrate a LD/HD difference
to be an insurmountable obstacle. The views of the NPRM were
further reinforced by a document prepared £or the Agdency by
Energy and Resource Consultants (ERC), an indepandent
contractor. (6] This report concluded that Llight-duty trap
technology can be adapted to heavy-duty use with additional
development time beyond the effective light-duty trap standard
date; line-haul trucks require an extra 3-4 years, as thelir
operating conditions are the most dissimilar to 1light-duty
conditiens, and the light heavy-duty vehicles whose ogperating

conditions are more closaely related, require only L-2
additional vyears at the most. Thus, the extrapolation
contained in the NPRM should be retained. Manufacturers®

heavy~-duty test data are examined in the following heavy-duty
trap status section.

c. Heavy-~Duty Trap Status

The heavy-duty engine manufacturers’ trap developran~
results examined in the NPRM were obtained €from commenrts fn-
manufacturers submitted to EPA in 1982 following the ini-ii.
1981 particulate NPRM (46 FR 1910) and also from erssing
meetings between representatives of HDD manufacturers and HEX
staff. The latest comments received in response to the i1nwr-
NOx/particulate HPRM 3dded wery little test data to whis -+,
evaluated in the MNPRM. The ¢allowing paragraphs will oo
and examine the current status of heavy-duty trap dewvel.; - -
work as reported by rthe manufacturers,
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GM submitted a summary of trap development and testing
performed from 1981 through 1983 on HDDEs, much of which had
previously been submitted to the Agency for review, The
successful accumulation of an additional 70,000 kilometers on a
dump truck equipped with a4 one-piece monolith trap on a
4-stroke turbocharged A.2L diesel engine was the only new HDDE
testing information received £rom GM, While GM's statement
that the accumulated mileage (80,500 Km total) is shert of the
expected service life of this type of vehicle and the driving
cycle followed was not representative of actual conditions is
corract, trap feasibility in some future year does not require
that traps be Ffully developed today. In this lLight, the Agency
views this latest test result as extremely promising. At this
staqe in the design of traps, failures are expected; there is
sufficient time to work out trap durability and regeneration
contral problems, Despite this, OGM feels that. traps are
infeasible for production release for the 1930 or 1991 model
year; OM refuses to commit itself to the feasibility of traps
in the forseeable future,

Other manufacturers commented on the feasibility of traps
based on experience in their heavy-duty trap programs. Due ko
their laboratory and field testing results, during the last two
years, International Harvester is quite pessimistic about the
feasibility of traps, with durability heing the main design
problem. Field experience, to date, has involved durability
testing with three types of traps on a 6.9L light heavy-duty
engine, Yet despite failures due to inadequate regeneration,
IHC is willing to work towards a trap standard in the 1991i,/1592
time frame. Mack also is not confident that the durability of
trap systems will be assured, Although Mack expects
regeneration and its contro! to be feasible, trap durability
remains koo much of an unanswered question for Mack to state a
definitive view on trap feasibility. Current work is aimed at
accomplishing regeneration in actual wvehicle wuse; initial
results produced over 6,000 miles of successful operation.
Caterpillar believes that trap technology may not be available
for production by the proposed 1990 model year; however,
Caterpillar did not mention a feasible implementation date

beyond 1990,

As indicated in its comments, Cumming is at an early stage
of heavy-duty trap development. IE EPA commits itself to
reassessing the technical feasibility of a trap standard by
December 31, 1987, Cummins would feel comfortable with a 1992
particulate standard of 0.25 g/BHP-hr., However, Cummins added
the caveat that it dees not envision traps by 1992, Even
though Volve White considers currcent HD trap technology *©5 b=
virtually nen-existent, it believes rthat trap technology wi..
be available and gqualified by 1991 (as will be discussed bei iw,
this is conditional on the control aof sulfur in diesel fuel),
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Daimler-~Benz, with the furthest developed heavy-duty trap
program, was the sole HDE manufacturer to agree with the NPRM's
proposed 0.25 g/BHP-hr trap-based particulate standard date of
1990 model year implementation, (This also is conditional on
fuel sulfur control, in addition te an allowable maintenance
condition discussed below.,) As described in its 1982 comments
to the Agency, Daimler-Benz 1s concentrating on the development
c¢f a trap made of wound ceramic fiber. The latest comments
indicate that considerable develcpment progress has been made
in the last two years, Still, much development remains,
including the optimization of trap design and increasing the
trap durability through an optimized regeneration system.
Current results of urban bus applications of the traps show a
minimum trap service life of 100,000 miles, and a maximum
sarvice 1life of less than 150,000 miles, With these
encouraging test results at this stage in the design of traps,
the Agency sees no reason that the allowable maintenance
interval of 150,000 miles 1is not feasihble £for traps, as
Daimler-Benz indicated in its comments. As EPA has stated
previously in relation to trap feasibility, there is sufficient
time to work out trap durability problems,

The Manufacturers of Emission Controls Association {MECA),
whose member companies are supplying the trap materials being
tested by the HDDE manufacturers, strongly supportted the
Feasibility of trap-based standards. Although recognizing that
development work remains, MECA stated that a trap-basad
standard is achievable; c¢iting worldwide test and development

work by its member companies.

Overall, progress in heavy-duty trapg development has not
matched that in the light-duty area over the past two vyears,
Much of this difference, however, can be attributed to the lack
of a firm target, which can only be a promulgated standard.
While significant steps still need to be accomplished in cthe
heavy-duty area, the finding that light-duty trap technology
can be eaextrapolated to heavy-duty engines and thus, traps are
feasible for future heavy-duty wusage, remains essentially
unchallenged. The key issue is actually leadtime, which witl

be addressed further below.

Cne issue not considered in the NPRM, and which should be
addressed here was that raised by Daimler-Benz, Volve White,
and several other manufacturers concerning diesel fuel sulfur

-eontent and its relationship to the heavy-duty engine

environment. Daimler-Benz was very concerned abour
trap=-plugging by non-~regeneratable particulate matter; using 3
European diesel fuel, Daimler-Benz Ffound an average <f 7
percent of the naon-carbon deposits lect aftar regenerati »n

be sulfates. While none of the orher commenters discuss=d e
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igssue of trap-plugging by sulfates, <Caterpillar and IHQ
expressed concern that high sulfate emissions resulting from
high sulfur fuel will make up a significant portion of EPA's
proposed 0.25 g/BHP-hr standard and possibly exceed it. A
reduction in the sulfur content of diesel fuel was recommended
by Daimler-Benz, IHC, Mack, and Volvo White; failing this, or
as an interim =step, the manufacturers recommended that EPA
should adopt a correction factor as part of its particulate
test to account Ffor the sulfur portion of the particulate

emissions.

The data available are not sufficient to allow a full
analysis of this issue at this time., Not enough is known about
the Daimler-Benz trap to understand why sulfate plugging is a
problem there and not elsewhere and what, if any, solutions are
possible short of reducing ethe sulfur content of diesel fuel,
The comments oFf other manufacturers presumably apply ¢to
catalyst substrate traps, which generally showed the same
preblem on  lighkt-duty diesels. (Mercedes' trap is the
exception to this.) As this is not the only trap design, or
even that believed to be the most feasible (which is generally
thought to be bpurner or fuel additive regenerated), 1its
elimination from consideration may not af fect overall
feasibility. Also, while limited areas in California require
low sulfur diesel fuel, the cost of such control on a
nationwide basis has not been determined and would require

significant study.

Given the uncertainty in the relationship between this
issue and feasibility, it should not preclude implementation of
any trap-based standard. However, the Agency 1is open to
further discussion in this area and will, on its own, be
analyzing the cost of controlling the sulfur content of diesel
fuel in the future,

Many o©¢f the comments on the sulfur issue addressed the
measurement of water, abserbed on the sulfate, as particulare
emissions. Their concerns center on the fact that it is very
difficult to reduce the current conversion of gaseous sulfur
dioxide to sulfate (which 1is only 2-4 percent). As the -
particulate standard becomes more stringent, this sulfate,with
its water,comprises more and more of the allowable emissions,
EPA is currently examining a number of different ‘apptoaches

- which can be incorporated into the test procedure to minimize

the measurement of water, Although commenters recommend a
correctlon factor added to test procedure Eto counter che
preblem, the time constraints on this rulemaking did not allow
sufficient time to let2rmine the optimum approach. Thus,

such revisions in =*he test procedures will be made thwe:-=;
potential changes w:i! be addressed In a3 later workshop .and
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further study of this issue., With respect to the sulfate
itself, it should be measured as part of the particulake
emitted as it is definitely inhalable and affects human
health. As the typical conversion of sulfur dioxide to sulfate
has beenh occurting in all previous heavy-duty particulate
measurements, and thus, gstimates of trap efficiency,
feasibility is not affected., Feasibility is only an issue when
sulfate is significantly increased by a catalyst, which was

discussed above.

Some concern was also expressed regarding the fuel economy
affects of trap-oxidizer |use. A trap fuel economy penalty
incorporates the fuel economy losses that result £from an
increase in backpressure and also the increased fuel
consumption attributed to the enerqgy requirements of positive
regeneration. The NPRM analysis cited a two percent fuel
consumption penalty as the worst penalty which would be

observed with HD kraps.

Ford argued that the implementation of traps to HDDEs will
cause fuel consumption to increase by about three percent,
approximately two petcent of which is due to the backpressure
portion of the penalty (the average of the "clean trap" penalty
of ahout one percent and the "loaded trap" penalty of about
three percent). A second manufacturer, Cummins, calculated an
approximate Efuel economy penalty of 2.6 percent for a 60-liter
trap; this value was not based on actual testing. As reported
in the NPRM analysis, 1.8 percent of the Cummins estimated
penalty is due to the increased backpressure and 1.0 percent
due to burner-initiated regeneration nccurring at L100-mile
intervals. The remaining HDDE manufacturers did not comment on
the fuel economy effects of traps. The Department of Energy
(DOE)}) noted a zero to one percent fuel economy penalty as a
total contribution from the backpressure on the regeneration.

The effect of trap use on the HDDE fuel economy 1is of
course dependent on the trap system design, including trap
type, trap size, regeneration type and frequency 0t
regeneration. Thus, it is reasonable to expect a range of fuel
economy penalities for the industcy, assuming a variety of xrap
system designs will be used, The cne to two percent fuel
aconomy penalty range documented in the NPRM analysis is
bracketed by the fue! economy losses submitted by Ford, Cummins
and DOE, with the manufacturers' values on the high side and
DOE*'s range on the low side. EPA's own test data tend o

support the NPRM range,

In 1983, EPA ~z2sted 3 Carning ceramic trap an both 1+ oo
engine and a bus chizsis.[9] The trap caused up to a 2 geror-
fuel economy penali=y sn the bus chassis, but caused no per ity

3
.
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at all on the engine. Steady=-state testing of the engine at
high loads, where the effect should be largest, also showed no

et fect.

Alse in 1984, EPA rkested a 400 hp HDDE with a number of
trap designs. Over the EPA transient test, a Johnson-Matthey
trap mounted close to the exhaust of the turbocharger showed no
fuel penalty. A Corning ceramic trap mounted betwean the
exhaust manifold and the turbocharger showed a penalty of 2.4
percent. The Corning ceramic traps similarly mounted in
parallel showed a 9 percent fuel economy penalty.

The before turbocharger location maximizes the exhaust
temperature at the trap, but alsc maximizes the fuel penalty as
it directly affects turbocharger effectiveness. This is
evidenced by the fact that two traps in parallel cause a
greater fuel penalty than a single trap. Normally, use of two
traps would reduce backpressure and reduce any fuel economy
panalty effect. However, here the traps are also acting as
heat sinks, and are removing useful energy that otherwise may
be used by the turbocharger. Two heat sinks are worse than
one., It 1is extremely unlikely that such a design would be used
on a HHDE whete fuel efficiency is of upmost importance. Thus,
the 2.4 petcent penalty, denerated by this research program
aimed primarily at identifying conditions of spontaneous
regeneration, can be taken as a definite upper limit of any

Euel penalty,

Also of importance is trap size; an increase in trap size
would reduce backpressure and reduce the fuel economy penalty,
In costing trap systems in Chapter 2, larger trap sizes were
used than those used in the NPRM analysis or those used in the
EPA tests above. This was done recognizing that even a 0.5
percent decrease in Ffuel economy penalty would overwhelm the
added cost of £he larger trap.

Even so, the trap size projected in Chapter 3 for HHDEs is
not as large as the 60-liter trap used by Cummins on its 270 hp
engine, which showed ¢the 1.6 percent backpressure related
penalty, This sizeable penalty €from such a large trap (s
somewhat of an anomaly. For example, data supplied by GM rfor a
much smaller trap, even accounting for the fact that the engine
was smaller, showed backpressure levels one-third to one-half
lower than those resulting from the Cummins trap. Th:.s
discrepancy may be due to trap location or operacing
conditions, The GM bhackpressure levels result from actual
vehicle road tests, while Cummins' walue was not Erom .ot
condition testing. Thus, the Cumming trap Seems to have ci., .4
an unusually high rfuel economy effect and a ,5-1.0 per-on-
backpressure fuel penalty range based on GM's data 3

unreasocnable,
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Wirh respect to regeneration, it is possible to directly
estimate the fuel penalty associated with use of a burner based
system. The burner used in the EPA bus testing and that
forming the basis for the burner cost estimate made by Jack
Faucett Associates were rated at 100,000 btu per hour.

Using an estimated burn time of 5 minutes per
regeneration, redeneration Efrequencies of 100 miles {(used in
Cummins test) and 175 miles (maximum of 145-175 mile range used
in GM test), and HDDV fuel economies taken from the MOBILE3
conversion facter analysis,[l10) the burner related fuel penalty
ranges between 0.2 and 0.5 percent, This is much lower %than
the one percent penalty estimated by Cummins.

Thus, overall a 1-1.5 percent fuel penalty would appear
reasonable £for a burner based ceramic trap system or
approximately. 0.5 percent attributed to the burner and
approximacely 1  perccent attributed to trap backpressure.
However, a fuel additive based trap system would not have the
fuel penalty associated with the burner. This type of system
now appears to be among the most promising. Thus, a range of
0.5-1 percent fuel penalty will be used.

Commenters also addressed the potential safety problems
associated with trap usage. The American Trucking Association
stated that the high temperatures required for uncatalyzed
oxidation ¢f accumulated particies and .the possible dangerous
emissions from catalyzed traps are abstacles in the design of
safe ktrap oxidizers. Although Cummins did not detail its trap
safety concerns, Cummins did state that significant work is
needed in the safety area prior to the implementation of traps.

EPA does not dispute that the use of trap oxidizers poses
potential safety problems. But the Agency believes that
through careful design of the trap system the associated risk
can be reduced to manageable levels., One example of a safety
designh is to menitoc the trap temperature to control
regeneration. Fer a burner system, flame sensors can shut down
the fuel flow if necessary. The trap design costed in Chapter
3 includes a number of such sensors., As for the danger of
toxic emissions from catalyzed traps, we assume ATA is
referring to sulfate emissions, which are a recognized problem
with catalyzed traps, EPA is not aware of any hazardous
emissions from non-catalyzed traps, except possibly for
catalyzing fuel additives, which would only be introduced by
the engine manufacturer if safe. It is true that work is
needed in the safety area as traps are developed. However, -he
two production or production-ready LDD trap systems apgear -
be quite safe and no HD/LD differences appear Lo prevent .uch

safe design of HDD rtraps,
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d. Emission Levels

This section deals with comments on the trap-based
standard of 0.25 g/BHP-hr, separating the issue of trap
feasibility, as examined above, from engine-out apd trap
deterioration and trap efficiency, asg examined here. The
emission levels specific for the more stringent 19%1 model year
bus and 1994 model year HDE 0,10 g/BHP-hr standard are also

examined.

EPA's determination of the design target level generated a
great deal of comment from the manufacturers. Commenters were
critical of the wvalues -used in the analysis for the
deterioration factor of engine-out particulate emissions and
also the deterioration £factor of the trap-oxidizer. The
comments on the deterioration Eactor of the engine-out
particulate emissions and also the AQL adjustment Factor ware
addressed in a previous section and will not be repeated here.

Several commenters disagreed with the Agency's position
that there 1is no  significant deterioration o¢f particulate
emissions with the use of a trap. They claimed that traps do
deteriorate and thus, a multiplicative DF of 1.0 1is
unrealistie. Reasons for trap deterioration, according to
Ford, include: micro-cracks resulting Erom thermal stress and
high temperatures, leakage at the trap end seals due to
warpage, an increase in the soluble organic fraction and
regeneration c¢ontrol system deterigration. In the NPRM
analysis, EPA did not explicitly consider the ocecurrence of
micro-cracks., leaks, or an increase in the soluble organic
fraction. All are theoretically possible, bhut there are no
data to support their likelihood; the present ducability data
show no deterioraktion, Therefore, a trap deterioration of zero
is not wunrealistic at cthis time. However, weven Lf xrap
deterioration were a factor of 1.2, it would affect
feasibility;, it would only require traps to be applied to an
additional 3-10 percent of the fleet, depending on the standard
level and model year being considered.

The subject of trap efficiency, the most wvariahle factor
effecting the emission level, was also addressed in tne
comments, One commenter (Ford) did not believe that light-duty
truck trap efficiencies necessarily apply to HDE «crap
efficiencies, although it presented no analysis to support this
epinion, Another commenter (Cummins) brought up the
possibility that trap efficiency depends on the driving cycle
and also the type of parciculate matter; data indicated -hna¢
trapping efficiencies far rhe soluble fractions are ahour )
percent less than ¢ rhe dry parcticulaces in a ce:i-~::
monolith trap.
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The NPRM analysis cited an efficiency range from 70-90
parcent for the ceramic wall-flow monolith trap and a range
from S50-80 percent for the wire mesh trap's collection
efficiency. Daimler-Benz's test results show the collection
aefficiency for its ceramic Elber wound trap inecreasing with the
Eilter leoading regardless of the initial trapping efficiency.
(An unloaded trap with a 60 collection efficiency, increased to
B0 percent efficiency with 15 percent loading, %0 percent
affigiancy with 40 percent loading, and 97 percent abtficiency
with 70 percent lecading.) GM commented that it hasn‘'t seen the
efficiencies that EPA reported out of its traps. However, at
another point in its submigtal, GM stated that “in spite of
repeated structural failures with ceramic monoliths, we have
continued their development because of their high Gtrapping
efficiency and overall poktential once the control prcblems for
a2 consistent regeneration are resolved."[ll]

Based upon the above, an 80 percent efficiency was chosen
in the NPRM to represent an obtainable feasible trap efficieancy
level in the 1990 timeframe., One commenter disagreed with this
efficiency level referring to testing of a trap~equipped bus
engine conducted by Southwest Research Institute (SwRI) Eor
EPA.[{9] The transient test particulate emissions of the DDAD
6V=71 engine were reduced 61 percent using a ceramic trap over
the FTP; over a bus cycle, total particulate was reduced 68
percent. This testing was done on an old engine notorigus for
a high soluble organic Ffraction of 1its pacticulate, which
explains the low c¢eollection efficiencies, Current technalogy
engines have much lower HC emissions and lower soluble organic
Eractions ({SOF) which should vresult in a much higher ¢Gtrap
eEficiency as indicated in Cummins' comments that Gtrap
efficiency increases as the SOF decreases. Other testing
conducted by SwRI[12] did result in a higher trap eEficiency; a
Cummins NTC-400 engine equipped with a Corning trap was
effective at reducing particulate emissions by 85 percent,
Thus, an 80 percent efficient trap is still reasonable with
respect to a 0.25 g/BHP-nhr standarcd, if not on the low side ot
what traps’'.actual collection efficiency will be.

Applying the trap deterioration Efactor, SEA adjusrtmen«
factor and the trap efficiency to the engine-out target level,
{0.42-0.54 g/BHP-hr from above}), vields an emission level of
0.10-0.13 gq/BHP-hr. Thus, at the 0.25 g/BHP~hr standard, ctraps
will not be required on all engines; the technically most

-difficult applications will be able to be excluded from crap

usage, which 1is desirable given the new nature of this
technology. Wich averaging, approzimately 70 perccent of *“he
HDDEs will Ete rrap-2quipped in nrder to meet the 2,I%
g/BHP-hr, The percentide of nhe fleet requiring traps sncu.d
decrease to approx:i:rizeiy 50 percent by 1994, as the engine- .-
target level decre2ises t£a 0,42 (discussed in Section above);

this assumes a trip =tficiency of 8% percent.
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Limiting traps to only highly efficient, ceramic wall-flow
monoliths, even lower levels can be achieved. Thus, assuming
85-90 percent efficient traps, the engine-ocut target level of
0.42-0.54 g/BHP~hr results in a emission level of 0.05-0.08
g/BHP-hr,which would comply with the 0.10 g/BHP-hr standard,

By 1394, the engine-out target 1level is projected to he
¢.42 g/BHP-hr. Assuming unchanged deterioration and SEA
adjustment factors and 90 percent efficient traps, this results
in an emission level of 0.05-0.06 g/BHE-hr. Under a 0.10
g/BHP-hr standard and with averaging (excluding urban buses},
roughly 90 percent of the HDDEs will be trap equipped.

In commenting on stringent particulate emission standards,
in addition to trap technology, many commenters addressed the
use of methanol fuel in diesel engines as a method for further
reductions of HDDE particulate emissions, Views on this
subject were widely held. NRDC and other environmental groups
believed that EPA should establish both NOx and particulate
standards based upon the use of methanol as a fuel in new
engines and.also set regulations to assure the existence of a
supply and distribution €for methanol to fuel heavy-duty

engines,

Comments from HDDE manufacturers expressed caution over
the use of methanoi fuels. Saab-Scania stated that it was not
prepared to provide methancl-fueled engines in transit buses in
1990 due primarily to the uncertainty of the unreguiated
pollutants and their health effects. This comment was fairly
typical of those by other manufacturers addressing this issue;
concern over the technological aspects of methancl-fueled HDDEs
was a minor issue compared to the potential health risks of

methanol.

New Jersey Transit and other public transit authorities
believed that EPA should analyze and further evaluate the
feasibility of methanol as an alternative fuel, expressing
concern about the difficulties related Lo storage,
distribution, operating range limitations for wvehigles and the

risks of formaldehyde emissions.

While EPA continues to believe in the potential of
methanol in this area, it considers it premature to actually
sat standards requiring the use of methanol. Many basic
questions remain to be dealt with before widespread adoption of
methanol fuel will be possible. Therefore, while continuing ra
encourage the development of methanol-based technology, EPA s
taking no action ar this time on methannl-based stancdards.
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e. Leadtime .
i. 0.25 g/BHP-hr Standard

In its NPRM analysis of leadtime, EPA concluded that there
appaared to be sufficient time for the manufacturers to design,
davelop, and prepare trap oxidizers €for 1990 model year HDDEs,
in their comments, all the manufacturers, some to a greater
dagree than others, were cautious in predicting a date for
traps to be in production on HDDEs, COnly one commenter
{Daimler-8enz) agreed with the Agency's propesed implementation
date, albeit conditionally, as discussed ahove. The other
manufacturers disputed EPA's analysis that traps .would be
feasible for 1990 model year application. In their submittals,
the majority of the manufacturers did provide alternative dates
to the proposed 1990 model year aeffective date. As reviewed,
International Harvester and Cummins indicated a willingness to
work towards a trap~based standard in the 1991 ¢to 1992
timeframe. Volvo White expressed its belief that traps will be
available and qualified by 1991, Ford did not bhelieve traps
could be 1implemented priecr to the 1991 model year, if then.
The remaining manufacturers of HDDEsS were not certain at what
date in the future traps would be available.

In re-examining the necessarcy leadtime for the
implementation of a trap-based - standard, it appears the
affective date should be delayed from the proposed 1990 model

-year to the 1991 model year for several reasons. First, there

has been little apparent progress in HD trap technology
development by the heavy~-duty industry over the past two years
(Daimler-Benz being the most notable exception). Light-duty
trap technology has continued to progress and insofar as
heavy-duty ¢trap technology 1is an outgrowth of 1light-duty
technology, heavy-duty technology has progressed even without
any overt effort by HD manufacturers. However, not all of this
lack of progress over the past two years is recoverable and an
extra year of leadtime would appear reasonable.

Second, the promulgation of these standards, 1is somewhar
later than originally anticipated. {March of 1585 wvs. lare
1984). While not constituting an entire year, the leadtime was
tight to begin with and an extra year is reasonable for this

reason as well.

Third, the Clean Air Act requires that revised heavy-duty
HC, CO and NOx bLe at least three vyears apart. While n-»«
applying directly to this particulate standard, it ipgea::
reasenable to follow this approach in this case. Thee
g/BHP-hr NOx standard is being implemented in 1991 and
reasonable to have =the particulate standard change at &£he e

time,
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ii. 0.10 9/BHP-hr Standa;d

In ordar to comply with the more stringent 0.10 g/BHP-hr
standard, traps must be B85~90 percent efficient depending on
their engine-out particulate levels. Presently this efficiency
cannot be obtained by all trap designs, and the design of
high-efficiency traps is generally considered to be technically
more difficult than lower efficiency designs.

In their comments on a 0.10 g/BHP-hr standard, most of the
HDDE manufacturers argued strongly that this standard was not
achievable. Only Daimler-Benz and Volvo White believed that
the necessary trap efficiencies were feasible and thig was in
realation to the proposed bus standard, as discussed below. The
Engine Manufacturers Assocciation (EMA) and Ford believed that
trap efficiency must ba 85 percent to meet a 0.l0 g/BHP hr
standard and believed this level not possible, GM added that
EPA disregarded the variability of trap efficiencies 1in
assuming a 90 percent efficient trap was possible. Aside from
the general comments on trap efficiency, technical comments did
not address specific difficulties involved in meeting a 0.10
g/BHP-hr as compared to a 0.25 g/BHP-hr standard (i.e.,
obstacles in the way of obhtaining a higher trap efficiency).

The majority of the commenters .felt this level of
particulate emissions was unobtainable for two reasons., The
first being that the required trapping efficiency would not be
possible by the 1991 medel vyear, The other reason was
discussed previously: high sulfate emissions, resulting from
high sulfur fuel, will exceed a 0.10 g/BHP-hr standard. While
Daimler-Benz shared the concern over the sulfur issue, the HDDE
manufacturer stated that the 0.10 g/BHP-hr standard was
obtainable for 1990 model year buses, depending on an
improvement to the particulate measurement accuracy at low
levels. The Manufacturers of Emission Controls Association
also believed that a 0.10 g/BHP-hr standard was achievable for

1990 model year buses.

Trap efficiency may be increased by either employing a
different trap type or by making design changes to a lower
efficiency trap. Of the trap designs currently considered
promising, the c¢eramic monolith trap is the most efficient -
its efficiency can be above 80 percent. A ceramic trap
efficiency is related to the porosity of its honeycomb matrix:;
high porosity results in 1low efficiency and vice vwversa.
Engineering challenges that result from a decrease in the trap

porosity (increase in trap efficiency) include fascer
backpressure rises, which must be compensated by increasing the
trap size or by more frequent regeneration, The <forrer

solution may also saolve the potential increase in ash or rue.
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additive accumulation. The latter may not.
create additional design problems itself (greater stresses and
heating requirements for regeneration) as were discussed in the
NPRM analysis of light-duty/heavy-duty design differences,
More frequent regeneration is fairly simple for a burner-based
system, but may be much more difficult €for cecatalyzed or
fual-additive based systems where naturally cccurrcing
temperatures are relied upon to induce regeneration.

Due to the increased difficulty in designing a
higher-afficiency trap capable of complying with a 0.0
g/BHP-hr standard, the technical feasibility of all 1991 model
year HDDEs complying with this standard is not Llikely. By
establishing a 1994 0.1l0 g/BHP-hr standard, the Agency belijeves
that the additional three years will allow for the development
of higher efficiency traps with more time to optimize
parformance and durability while minimizing cost.

The overall difficulty of achieving these high
efficiencies also depends on the number of engines needing to
be so equipped. It is likely that a number of trap systems
employed to meet the 0.25 g/BHB-hr averaging standard will be
85-30 percent efficient. Others will be less efficient. Thus,
for a few engine wurban transit buses, for example, a 0.10
g/BHP-hr standard should be quite feasible. In actuality, few
bus engines are currently marketed in the U.S. GM dominates
the market with its 6V-92TA and 8Vv-92TA bus engines. Cummins
has sold a small number of its VIB-903 engines in buses in the
past, but is not currently doing so, A small number of
foreign-based manufacturers, such as M.A.N. and Daimler-Benz,
have recently begun to market bus engines in the U.S, Thus,
bus engines represent a relatively small subset of MHDDEs,
bDaveloping a trap-oxidizer system for transit bus use may also
he considerably easier than for most HDE applications. An
EPA-sponsorted report by Energy Resource Consultants, Inc.[6)
mentions the following reasons this may be so:

1. Durability and reliability requirements would not be
nearly as strict as for mostc other types of heavy-duty vehicles,

2. Buses have a rather predictable operating cycle., and
and one which includes a great deal of acceleration. The
frequent occurrence of moderate high exhaust temperatures as a
result would help to make a self-redenerating system feasible.

3. Transit buses universally receive regular secrvice,
aoften on a daily basis.

A larger trap can
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Thus, at minimum, bus engines should be no more difficult
to trap-equip than other HDDEs and, at best, could be much
easier to trap-equip, Coupled with their small number,
daveloping high-afficiency traps for bus engines should be
feasible at the same time as traps are dgenerally employed on

HDDEs, or 1991.

Equipping all HDDEs with high-efficiency traps will
require additional time beyond 1991, Having buses operating
with such traps will certainly provide useful data, but such
data cannot be employed any sooner than three years after the
huses begin service, since time is required to obtain the data
and design and tooling must also be performed, Of more use
will be durability data generated on prototype non-bus HDDVs
equipped with high-efficiency traps after the bus engine
designs have been set, but prior to bus introduction.
Providing only two years between standards can reasonably he
ruled out due to the need to apply such traps to ' line-~haul
HDDEd, which have very long lives and which require extensive
durability data. The argument can be made that three years
should be sufficient to incorporate such durablility data. As
this alsoc coincides with the Act's requirement for HC, CO, and
NOx standards, it appears the most reasonable interval time as

well,

C. Conclusions
1. Near- and Mid-term NOx and Particulate Standards

As a result of the proceeding analysis of the comments,
EPA has coancluded that the propoesed standards of 6.0 g/BHP-hr
NOx and 0,60 g¢g/BHP-hr particulate are technologically feasible
and that the appropriate date for implementation of these
standards is the 1988 model yeat.

EPA has also concluded that engine-out emission standacds
of 4.0 g/BHP-hr NOx and 0.40 g/BHP-hr for HDDEs are not
technologically €feasible wusing any known emission control
technology. Information provided in the comments has, however,
lead EPA to modify the NPRM analysis and conclude that an
engine-out NOx emission scandard of 5.0 g/BHP-NTC ts
technologically feasible by the 1991 model vyear. The lowest
feasible engine-out particulate level, given the 5.0 g/BHP-hr
NOx standard, appears to be .50 g/BHP-ht,

With respect to fuel economy, the 6.0/0.60 standards arce
expected to cause a (-2 percent €fuel economy penalty in the
near term and that this penalty will be erased by 1991. The
NOx standard of 5.0 3/BHP-hr is expected tq cause approximazely
a L percent penalty initially, decreasing to approximated is.

percent in a few years.
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2. Trap-Based Particulate Standards

A3 a result of the proceeding analysis of the comments and

additional information, the Agency concluded that tcap
technology is feasible fort heavy-duty diesal engine
This conclusion was extrapolated from the stakus

application.
of light-duty trap technology and the design effort necessacy

to adapt this technology to heavy-duty usage., Light-duty traps
have begn proven to be a £feasgible control of particulate
emissions from light-duty vehicles. Although conditions
specific to the. HDDE environment tequire considerable
development. in otder to apply LD trap technology to HD usage,
these obstacles are not insurmountable and with adequate
engineering effort traps should be a feasible control method of
particulate emissions from heavy-duty vehicles.

EPA has also concluded that the 0.25 g/BHP-hr trap~based
particulate standard should be Eeasible €for 1991 model year
HDDEs; the 0.10 g/BHP-hr trap-based particulate standard should
be €feasible For 1991 model vyear urban buses and for all 1994
model year HDDEs. The analysis determined that the 1l99) model
vear HDDE standard, with averaging, will require 80 percent
efficient traps on roughly 70 percent of the fleet, This would
decrease to about 60 percent after the initial years. The 1991
modal year bua standard will regquire the use. of nearly 90
percent efficient traps on all buses. The 1994 model year HDDE
standard will require the use of 90 percent efficient traps on

roughly 90 percent of all HDDEs.
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CHAPTER 3
ECONOMIC IMPACT

This chapter analyzes the costs of complying with the new

'NOx and diesel particulate standards in light of the comments

received in response to the NPRM. These comments at times
supported and at times disputed the EPA cost estimates; some of
these comments prompted revisions of the costs given in the

NPRM, and are outlined below,

The chapter begins with a synopsis of the methedology used
in the Draft Regulatory Impact Analysis {(RIA) to genetate the
cost estimates in the NPFRM. Following the synopsis is the
Summary and Analysis of Comments, which is divided into three
cost sections: LDT, HDGE, and HDDE. Within each sectien is a
summary of the applicable comments, discussion of how the
comments compare to the information conktained in the NPRM, and

any reanalysis as necessary. Each section closes wikh a
summary of the final cost and cost-related values used in the
final economic impact analysis. This is followed by a

discussion of sociceconomic impacts.

I. Synopsis of the NPRM Analysis

This chapter as originally presented in the Draft RIA
examined the compliance costs of the proposed NOx and diesel
particulate standards for LDTs and HDEs. It .included the
manufacturers’ fixed cosks of pre-production (research,
development, and testing {RDA&T}), including certification
testing), and their variable costs of production (emission
conkrol hardware component coskts), as well as user costs of
increased purchase price, fuel economy losses, and maintenance
cost changes. The chapter was divided into two sections which
discussed, respecktively, the actual manufacturer and user
costs, and the socioeconomic impacts of such costs. The first
section is the more lengthy one, and received the main bulk of
the comments. It is summarized below. The sociceccnonic
impact section, which included manufacturer, regional, ind
national effects on sales, cash flow, employment, balance f
trade, and consumer prices received comments on Lwo {Sa-ey
only, and therefore need not be reviewed in full,

Commenters on costs focused on alternative values to +“he
costs derived by EPA rather than on the methodology used, nd
therefore the methodology is described here only briefly. Ay
interested parties may consult the Draft RIA for more comp.ets
information on +the o5t derivatien methodolugy snd achual y
values which were presented in the NPRM,



O

3=-2

AL Cost to Manufacturers

In EPA's analysis, manufacturer costs for each of the
vehicle/engine groups —-- LDT, HDGE, and HDDE -~ included the
Eixed costs of RD&T and the variable costs of hardware, Fixed
costs wers determined by estimating the number of
recalibrations, design modifications, and the amount of new
testing necessary to convert present systems to those which
could meet the standard. Numbers of calibrations needed per
engine family were combined with numbers of engine families
needing the work, estimated hours of effort per calibration,
hourly rates for labor, overhead and parts, and a 10 percent
contingency factor to derive a dollar wvalue Ffor total
recalibrations. Similar estimates were made of the time
necessary for redesign and for completely new, general system
designs, such as that required for particulate traps.

Tescing costs to prove mechanical integrity were based on
miles of testing necessary, average speed, and hourly rates for
labor and overhead; such test costs were shared with other
testing programs when applicable, Certification testing costs
included the same type oFf mileage accumulation costs, as well
as fixed costs of $1,500 per emission test for LDTs and $2000

per emission test for HDEs,

For LDT, HDGE, and 1987 HDDE proposed standards, it was
assumed that these fited costs would he incurred in the two
years prior to implementation of the standards; Cfor the 1990
HDDE standard, four years were allotted due to the longer
development time needed €for trap-oxidizer systems. The sum of
all these costs was apportioned over five model years for LDTs,
and three model vyears for HDEs (due to introduction of the
second set of HDE standards after three years). Costs were
presented in both undiscounted and discounted forms.
Discounted costs were calculated at a 10 percent discount rate
to the Eirst year for which the standard was applicable (1987
or 1990). These costs were then spread over projected sales to
determine an average cost per vehicle or engine due to RD&T.

Variable costs to manufacturers arpse from the addition of
new hardware and, in some cases, credit was taken For the
removal of old hardware components, For LDTs these component
costs were developed using the Rath and Strong methodo logy(l]
as discussed in the Draft RIA and include overhead and
manufacturer profit. For HDGE and HDDE NOx and non-Ltrap
particulate control on HDDEsS, component costs were developed
from costs for similar pieces of equipment on current engines,
with inclusion of factors for different material cogsts dye ra
different comgonent sizes, Particulate trap c¢nsts were naken
directly €rom the ODiesel Particulate Study.[2) These companant
cost estimates were combined with projecticns of the technoiogy
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changes which would be necessary to meet the new standards,
market shares of various technology mixes and vehicle/engine
types, and projected sales., to develop both per vehicle/engine
and aggtegate manufacturer costs for hardware, Hardware costs
ware combined with RD&T costs, with appropriate discounting at
10 percent, to determine total manufacturer costs.

B. Cost to Users

Costs to users were based on increases in first cost at
the retail price equivalent (RPE) level and additional
operating costs due Lo changes in fuel economy and
maintenance. The first price increase per vehicle includes the
average hardware cost for that vehicle's new technology
application and the per vehicle share of RD&T, which 1is
apportioned over the three or five years after implementation
of the standard as discussed above.

The lifetime cost changes per one percent of fuel economy
change were calculated £rom £fuel price, average base fuel
econamy and lifetime mileage per vehicle or engine category,
using a 10 percent discount rate, Overall fuel economy changes
expected were estimated in the Technological Feasibility
Chapter according to the types of technology necessary to meet
the standard, Lifetime fuel economy costs due to the standard
could thus be calculated by multiplying cost per one percent
change by the amount of change expected.

Maintenance costs were determined E£rom any additional
maintenance operaticns deemed necessary for the new technology.
the expected number of additional maintenance operations per
lifetime, and the cost per ocecurrence, These coste were then
discounted at the usual 10 percent rate, from point of
maintenance to point of sale. The costs were then apportioned
two different ways. In the first case, they were appottioned
over just the engines requiring the new technelogy and the
corresponding maintenance, and in the second case the costs
ware apportioned over all engines. In appropriate cases
credits were taken for maintenance which would be reduced,
using the same methodclogy. Maintenance costs, either negative
or positive, were added to fuel economy costs and first price
increases to give the total lifetime user cost of the standard,

Aggregate costs to the nation, including those tc both
manufacturer and user, were then calculated for each vehicle or
engine group. Hardware costs plus operating costs of fuel and
maintenance were multiplied by number of vehicles affected,

.according to  future sales projections. A5 noted above, 3
S-year pericod was used for LDTs and 3-year periods for HOES,
These values were discounted e} che preposed year 4

implementation, and added to discounted RD&T costs, to yield
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the net present value agqgregate cost in the year the standards’
begin. Costs to the nation were also expressed in terms of per
vehicle investment in 1987. All wvalues used througheout the

chapter were 1984 dollars,

IT, Summary and Analysis of Comments

A, LDT NOx Standard
1. 1988 NOx Standards
a. Cost to LDT Manufachturers

Comments on the manufacturer costs attributable to the new
LDT NOx standards were neither numerous nor lengthy, with only
kwo manufacturers estimating retail price increases due to
hardware and RD&T. The price increases in the comments were
stated without derivations, and the metheds used by EPA to
eskimate the costs given in the NPRM were not challenged. The
manufacturer and EPA final costs, however, were not based on
comparable fleets., Manufacturer costs were based on only those
vehicles requiring new technology, while the EPA final costs
developed in the NPRM were expressed as an average over every
LDGT or LDOT, including theose vehicles which will already have
the hardware in place prior to implementation of the standard.
EPA developed an average per vehicle cost For a LDGT requiring
new technology in the Draft RIA, .as part of the process of
developing the £leet average. LDT costs. This cost ($140) was
presented in the Draft RIA, The EPA and manufacturer cost
estimates are as follows:

Retail Price Increase_Per LDT

Draft Analysis $35 LDDT Average
$44-87 LDGT Average
$140 LDGT with new technology
Chrysler $80 LDT with new technology
Toyota $100-250 LDT, with new technelogy
As can be seen, when the same figures -- cost per vehicle
with new technology -- are compared. thaose given by the

manufacturers are comparable te those estimated by EPA in the
NPRM. Therefore, EPA sees no need to alter its analysis of the
LDT component cost wvalues or RD&T costs which were used &3
develop the average per wvehicle values presented in the NPRM.

i. Fixed Cost
In developing rthe st5 for the firal rule, the oriqira.

oo
allocation for RD&T costs estimated by EPA for this standa:r!
will be used here, but shifted one year Lo concur with *n=
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shift in the year of introduction of the standard. This amount
is the sum of the RD&T costs for LDGTs and LDDTs, and totals

$26,5970,000.

ii. Variable Cost

The average costs have been updated to retlect
manufacturer comments on projected technology mixes received in
response to the NBPRM. Present technology mixes are taken from
1985 model year certification data, which provides manufacturer
sales projections by engine family and, hence, by emission
control technology type. The manufacturer data from comments
and the 1985 certification data provide the basis for rewvision
of the projected technology mixes and subsegquent revision of
the average LDGT hardware costs, which are calculated in the
same manner as used in the Draft RIA, The projected mixes were
in most cases confidential on a manufacturer-specific basis,
and are included here only in general form.

The new present {19285} and projectad technolegy
application mixes according to LDGT engine size are given in
Table 3-1, The same information for all LDGTs combined is
presented in Table 3-2, The 1985 model vyear mixes were
converted te projected 1987 model year (pre-standard) mixes by
applying technology changes on specific engine families as
indicated by manufacturers in. confidential comments to the
NPRM. As noted in the NPRM, the comments verify that even with
no increases in the stringency of the NOx standard, there is a
clear trend away Erom oxidation catalyst systems ko’
three-way-catalyst systems on LDTs, apparently for reasons such
as improved driveability and fuel economy, The trend for LDGTs
is predominantly toward three-way closed-loop systems as
opposed to three-way open-loop systems. Therefore, this
analysis projected that for the 1988 model year (the first year
of the new standard), all remaining oxidation catalyst systems
and all three-way open-loop systems will convert to three-way’

closed-~loop technology.

The overall hardware cost for each vehicle undergoing a
technology change, according to number of cylinders in the
vehicle, is given in Table 3-3, which is a summary of Tables
3-4 through 3-6 in the Draft RIA. Costs are derived by
subtracting the costs of hardware components removed from the
costs of hardware components added; estimates of these costs
were oariginally determined using the Rath and Strong
methodology,[1] and are unchanged From the Draft RIA.

The hardware costs as presented in the Draft RIA and the
projected change in rhe technology mix, as discussed abova, are
combined te give an average hardware cost upon implementatian
of the 1988 model year standard for LDGT,s and For LDGT:.s

as follows:
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Tabie 3-1

Lighc-Duty Gasoline Trucks

Parcent Technology Usage BY Model Year and Engine Size

L Based on manufacturers'
e Based on manufacrturers'

Three~Way Three-Way
Open~Loop Closed-~Loop
Three-Way Threa-way piua plus
Oxidacion Open-Loop Closgsed-lgop Oxidation Oxidacion

LDGTy:
1985 My*
4-cylinder 23.8 0 35.9 0 1.8
G-cylindar 26.8 0 0 a L7
ALL 50.6 0 35.9 0 13.5
1987 MY projected**
4=cylinder 21.2 0 38.5 0 1.8
6-cylinder 26.8 G Q o 11,77
ALL 48.0 0 38.5 0 13,5
L988 MY projecred**
4-cylinder 0 o] 59.7 0 L.R
6-cylinder [+] [} 26.8 0 Ly,7?
ALL a 0 86.5 0 L3.%
LDGTo ¢
LO85 My~
6~cylinder 3.3 Q 0 0 L3.9
8~-cytinder 14.0 0,8 L8.4 8.7 L5.19
ALL 37.3 0.8 18.4 g.7 34.149
1987 MY projecred**
6-cylinder 3.3 0] 0 0 19.9
B-~cylinder 15.6 0.8 36,8 8,7 L5,1
ALL L8.9 0.8 Je.gB 8.7 314.9
1988 MY projecred**
§-cylinder 0 0 3.3 0 (3.9
8-cylinder 0 o] 53,2 0 24.40
ALL 0 0 56,5 [a) 41,5

confidenctial sales projections.
confidential comments to the NPRY,
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Table 3-2

Light~Duty Gasoline Trucks
Parcent Technoloay llsage by Model Years for All LOGTs

Percant Technology Usad

Mo Oxidation Threa-way Thrag-way"=*
Model Yaear Catalyst Catalyset Open=-Loog Closed-~Loop
13822 4.2 91,2 0.2 4.4
1963* 1.4 80.13 0.9 18.13
1584~ n,0 58,0 11.0 iL.0
1985~ 0.0 43,3 4.9 51.8
19472» 0.0 ia.3 3.6 59.95
1988 and latecH® 0.0 a.0 0.0 100.0
] Based on confidential sales projections provided by
mahufacturers as part of the certification process.
an Frojectad based on confidencial manufacturer comments to
tha NPRM,
AR

Also includes three-way closad-loop plus oxidation
catalyst systems (see Table 3-1). : .
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Table 3«3
Light Duty Gasoline Truck

Emission Control System Hacdware
Cost Per Vehicle With New Technology

Technology Change Engine Size
From To 4CY¥L BCYL 8CYL
Oxidation  Threa-way Closed Loop 5106 $133 $157

Three-way  Three-way Closed Loop - $65
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It is projected that 48 percent of all LDGT,s will
require technology changes between 1987 and 1988.

First, 4-cylinder LDGT,s, representing 21.2
percent of all LDGT, sales, are converted Erom
oxidation catalysts to three-way closed-loop
catalysts. At $106 per conversion, the contribution
of 4-cylinder engines to the LDGT:. hardware cost
is: 0.212 X $106 = $22.47

S§ix cylinder LDGT:s, representing 26.8 percent of
all LDGT,s, are c¢hanged from oxidation catalysts
to three-way closed-loop <catalysts, at $133 per
vehicle. The 6-cylinder contributien to the LDGT,
hardware cost is then: 0,268 X $132 = $35,64

The remainder of the LDGT, market, 52 percent, 1is
projected to already have the required technology
{38.5 percent. three-way closed-lcop catalysts and
13.5 percent three-way closed-loop plus oxidation
catalysts) in place for the 1987 model vyear. (In
fact, most of these vehicles, 49.4 percent of the
market, already have the hardware on the 1985 model
year vehicles.) Mo costs are incurred for these

vehicles,

The average hardware cosk per LDGT, in the fleet
is the sum of the contributions by the 4- and
6~cylinder engines and 1is: $22.47 + $35.64 = $58.11L
or approximately $58,

This cost is $121 per vehicle when applied only to
those LDGT,s requiring new technology in model
year 1988,

The same methodoleogy can be used for LDGT,s:

-]

For the 3.3 percent of LDGT,s which are 6-cylinder
engines and which are ceonverted E£rom oxidation
catalyst to three-way closed-~loop catalyst
technology, the cost is $133 per vehicle, which
results in a contribution of: 0.033 X $133 = $4.43

For the 15.6 percent of the LDGT. market which are
8-cylinder engines with ozxidation catalysts and
which will be <changed ¢to three-way closed-la0p
catalyst systems at a cost of $157, the resulxing
B~cylinder contribution is: 0.156 X $157 = $24.43
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° The B8-c¢ylinder engines also have some open-loop
three-way systems, which will go to closed-leop in
model year 1988, Of the LDGT: market, 9.5 percent
will need new closed-loop control (8.7 percent from
three-way plus oxidation catalysts to three-way
closed-loop plus oxidation catalysts, and 0.8
percent from three-way to three-way c¢losed-loop
catalysts) at $65 per vehicle, which makes this
portion of the 8-cylinder contribution: 0,095 X $&5

a $6,18

@ The remainder ¢f the LDGT. market, 71.6 pergent,
already will have three-way closed-loop catalyst or
three-way closed-loop plus oxidation catalyst
systems in place by model year 1987, and thus will

incur no costs.

o The average hardware cost per LDGT; in the fleet
is the .sum of the 6- and B-cylinder contributions
and is: $4.43 + $24.49 + $6.18 = $35.10, or about

$35.

@ This cost, when distributed only over those vehicles
requiring new technology, is about $123 per LDGT,.

The average per vehicle hardware costs of $58 for LDGT,s
and $33% for LDGT.s derived above include the total costs for
hardware components added (three-way catalysts, feedback
carburetor modifications, and/or closed-loop control), with a
credit for those components removed {oxidation catalysts andsor
open-loop control), averaged over the entire fleet of vehicles
in that LDGT category. However, the complete cost of such
hardware should not be applied solely to the meore stringent
NOx standard, since the manufacturer also derives other
significant benefit from its appligation, This is indicated by
the £act that manufacturers have already ceonverted much oF
their fleet Ffrom oxidation to three-way catalyst systems, and
have stated in their comments that they plan to continue this
trend, even cthough L[t is not necessary £from an emissions
cantrol standpoint under the current 2.3 g¢g/mi NOx standard.
The application of this more costly technology prior to the
implementation of the stricter standard clearly indicates
benefits to the manufacturer, which include improved fuel
economy and driveability as well as parts consistency with
their light-duty wvehicles, This parts consistency leads to
greater eccnomic efficiency and lower total costs, [t is
difficult to quantify the precise value of these benefits tao
the manufiacturer: howevear, it is clear that they are
significant. Abséenn any more precise information, EPA nas
applied 50 percent of rthe costs to the implementation of rthe
standard, and 50 percent to the other benefits which will be
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derived from application of the new technology. That is, the
average per vehicle hardware cost for the 1.2/1,7 standards is
$29 per LDGT,, and $18 per LDGT..

These LDGT costs can be combined with LEDT costs to give
an overall LDT sales weighted hardware cost per vehiclae, No
comments specifically addressed the 1issue of LDDT hardware
costs. Therefore, the costs developed in the Draft RIA will be
used here, These LDDT costs are $20 per vehicle requiring the
first time application of EGR, or LDDT,s, and $42 per vehicle
needing a conversion to electronically-controlled EGR Erom
current EGR, or LDDT,;s; details of their derivation can be

seen in the Drafkt RIA.

The average hardware cost per LDT can now be calculated
using the LDGT costs developed above and the LDDT costs
presented above, Sales weighting these costs will give the
average per vehicle cost of the proposed LDT NOx standard.
Table 3-4 presents projected sales of gasoline and diesel LDTs,
based upon total sales from the Draft RIA and gasolipe and
diesel sales Eractions from Chapter 4.

Further subdivisions between LDT, and LDT, waere made
utilizing the sales projections provided by manufacturers
during certification for the 1984 and 1985 model years. The
1984 projections showad LDGT,s with about 75 percent of the
LDGT market in 1984, while:  the 198% model vyear projections
indicated a rise in sales of larger LDGETs, so that LDGT, s
shared the market roughly equally with LDGT,;s. This rise is
against the trend of increasingly greater sales fractions of
smaller wvehicles seen in the several preceding model years, and
is probably attributable to the easing of gasoline prices and
general strengthening of the economy. [t is assumed that, in
the future, percentages of LDAGT,s in the LDGT market will
fall between the values seen in model year 1984 and 198% sales

projections, 1i.e.,, at about 62 percent. The diesels are
assumed to continue their LDOT,/LDDT, split as in the model
year 1984 and model year L9855 projections: 33 percent LDDT.

and 67 percent LDDT..

These values when combined with the sales projectiuns
presented in Table 3-4 give total sales per LDT type for madel
years 1988 through 1992 as shown in Table 3-5.

Combining the sales values with the previously calcul!atced
costs results in an average per vehicle cost of (.S52)(§29) -
(.32)($18) + (.0S5){$20) + (.11){(342) = %28.46, or about F1: 7
the LDT manufacturer ta insktall the necessary hardware
compliance with rnhe ',2/1.7 3/mi M¥Ox standard.



T .

I3

fable 3«4

Projected Lighb-Duty Teuck Sales (in rhousands)*

Yaars Cagoline**
1988 3,070
1589 3,100
1990 3,010
1991 2,980
1992 _2.890

Tocals 15,050

Total sales projections for 1988-199! were drawn from
1992 projections were determined using

the Draft RIA.
the same methodology.

Gasoline and diesel splits were taken from Chapter 4.

Diasal#*»

420
460
530
6§90
850

2,950

Tokal

3,49Q
3,580
3,540
3,670

31,740

18,000
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Tabla 3-5

Modal Yaars

Projecved Market Shara by LDT Subcategory, 1988-1992
LDT
Yarkaee Shars

Salaa

Subeatagory {chousanda)
LDaT; 5,720
LDDTy 970
LDOT; _1.980
Total 18,000

» Salag=waighcted average.

52t
2%

5%
L1%

1L00%

Hardware
Cosc/Vahiclae

$29
$18
$20
$42

$26*
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iii, Total Cost tao Manufackturers

Total manufacturer cost of compliance with the LDT NOx
standard is bhased on hardware costs for sales projected for the
S-year pertiod beginning with the first model year of the

standard plus the total costs for RDP&T. These costs are then

discounted at 10 percent to the first year of the standard
(l988) so that costs over the vyears of interest can be
expressed in equivalent dollars. It is projected that RD&T
costs will be incurred as in Table 3-6, shown in both
undiscounted and discounted form, Hardware cost is spent
according to sales, and 1is shown in Table 3-7. Total
manufacturer costs are combined in Table 3-8; as can be seen,
the net present value of the mapnufacturer cost in 1988 1is

$426,820,000.

h. Cost to Users
i. First Cost

The added c¢ost to manufacturers €£for RD&T and emission
control system hardware is expected to be passed on to the
purchasers of LDTs. The amount a manufacturer must increase
the price of its wvehicles to recover iks expenses depends on
the timing of the c¢osts, the revenues from sales, and the cost
of «capital to the manufacturer, It is expected that
manufacturers will increase the vehicle prices to recover their
pre-production investment in five model years, 1988-92. When
RDST costs are amortized over the vehicle sales, the cost is $2
per LDT, The first price increase of a vehicle would be the
sum of this cost plus the cost of the hardware, $26. The
average first price increase for an LDT sold between 1988 and
1992 is thus $28; this is a sales-weighted average of the
LDGT, cost of 31, LDGT, cost of $%20, LDDT, cost of $22,
and the LDDT: cost of $44, including the $2 per wvehicle for
discounted RD&T.

These costs can also be expressed in terms of only those
vehicles requiring new technology rather than as an average per
vehicle cost by adding RD&T apportioned over the applicable
vahicles ($3 per LDGT and $2 per LDDT with new technology) %o
the hardwarte required for that vehicle as shown in Table 1-1.
These costy are summarized in Table 3-9,.

ii. Fuel Economy

Fuel economy impact was determined to be small, v
discussed in Chapter 2, Technolcgical Feasibility, For rhosu
vehicles with existing nhree-way systems which already maer -t
standards, no fuel economy penalty should be axperienced, winiiu
those converting from wxidacion te three-way catalyst sys-.rs
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Tabla 3-6

LD RO&T Comes for 1.2/2.7 NOx

Undiscounted Discounted

Non-Cere Cart Non-Cart
Coacs Coarn Tecal Conts Care 'rbr.aA.
£9,000K $1,900K $10,900K  $10,890K $2,299€K  $13,189K
42,8701 $13,2008  $16,070K 43,157 $14,5206  $17,677K
£11,870K $15,100k  $26,970K  $14,047K 416,919 $30,866K



1988
1389
1990
1991
1992

TOTAL

Discounted at 10 percent to 1988.

j-L6

Tabhle 3-7

LDT Hardware Costs for 1.2/1.,7 NOx

yndiscounted

$92,350K
94,200K
33,670K
97,118K

98,360K
$476,290K

Discounted®

$92,350K
85, 840K
77,410K
72,960K

67, 590K
$395,950K



1986
1987
1988
1389
1990
1951
1982

TOTAL
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Table 3-8

Tatal LDT Manufacturer Cost

=

Discounted at 10 percent to 1988,

Yadiscounted Discountad*
RD&T Hardwara RD&T Hardware
$10,900K - $13,190K -
$16,070K - 517,580K -
C - $92, 350K - $92,350K
- $94, 200K - $85,6840K
-- $93,670K - $77.410K
- $97, 110K - $72,960K
e $98, 960K - £67,590K
$26,970K $§476, 290K $30,870K $395,950K
$503, 260K £426,820K



3-18
Table 3-9

Light-Duty Trucks First Price [ncreasas

Vahicles Requiring New Tachrology

LDGT:

4=~Cylinder

6-Cylinder

8-Cylinder

8-Cylinder

LDDT:
LDBT,
LDDT,

Three~way Closed Loop Erom
Oxidatign Catalyst (LDGT.)

Three-Way Closed-Loop From
Oxidation Catalyst (LDGT, &« :)

Three-Way Closed=Loop From

-O2idation Catalyst (LDGT:)

Three-Wway Closed-Loop From
Three Way Open Loop (LDGT:)

First Time Application of EGR

Electronically Conttolled EGR from EGR

Average for All Vehicles

LDGT,
LDGT,
LDODT,
LDDT,
All LDTs

5109

5136

$160

5 68

$ 22
3 44

$ 3l
$ 20
$ 22
5 44
$§ 28
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may experience a 9gain of up to B8 percent. This was seen in
comparisons of 1985 certification data of matched pairs of
Federal and California vehicles. For Efuel economy changes
which may occur, the costs remain as in the Draft RIA at §51
for LDGTs and $41 for LDDTs lifetime cost per affected vehicle
per one percent change in €fuel economy, either greater or
less. When apportioned over all vehicles, the cost is $21 per
LDGT and $41 per LDDT, or $24 per LDT per one percent change in
fuel economy. It is expected, that on a fleetwide basis there
may be a slight gain in fuel economy; however, for costing no
fuel gain was included.

iii. Total Cost to Users

To summarize, purchasers of LDTs can expect to pay an
average of $28 more for 1988 model year LDTs for the emission
control improvements as compared to 1987 LDTs. [In the case of
fuel economy increases or decreases, LDGT users can expect a
$51 change in lifetime operating cost per one percent change in
fuel economy, while LDDT users can expect a %41 change, A
slight gain in fuel economy is expected, but is not included in

total cost. )
2. Aggreqate Coskts for the 1988 LDT NOx Standard

The aggregate cost to the nation of complying with the
1988 Federal LDT NOx emission regqulations consists of the sum
of fixed costs for RD&T and new emission control hardware. No
changes 1in ‘'maintenance or fuel economy costs are expected.
These costs are calculated hased on sales projeckions for the
S~year period following introduction of the standard. These
sales projections were shown in Table 3-4.

The wvarious costs associated with this rulemaking action
will opccur in different perioeds. In order toc make all costs
comparable, the present value at the start of L1988 has bteen
calculated based on a discount rate of 10 percent, The
calculations were shown earlier in Table 3-8. The aggregate
cost of complying with the new regulations for the S-year
period is estimated to be equivalent to a lump sum investment
of about $427 million (1984 dollars) made at Ethe start of
1988. When amortized over the projected sales for the
Eive-year period, the value is $28 per vehicle at the time of

purchase,



B. HDGE NOx Standards

Comments on the costs of the proposed HDGE NOx standards
ware received from two of the three major manufacturers of
HDGEs and were not highly detailed., <Chrysler gave a cost
estimate only for the later standard, with no estimate for a
fuel economy penalty. General Motors stated that, "the
predominant HDGE costs associated with the more stringent NOx
standards proposed by EPA would ba an increase in fuel
consumption.” Ford comments did not discuss the costs of the
standard. Therefore, any cost revisions below are based on a
reanalysis of the control technology necessary, which the
manufacturers' comments did discuss, rather than on concerns
for cost estimates for specific components of the control

technolagy.

Bafore beginning this reanalysis of the costs to comply
with the 1988 and 1991 HDGE NOx standards, a brief discussiaon
of HDGE certification data and options and potential
certification approaches is necessary. First, as of February
1985, the three major HDGE manufacturers had certified a total
of seven families. This is a decrease of eight families from
1984, Dbrought about by IH leaving the market completely,
Chrysler dropping one family, and GM and Ford each combining
two families which were previously separate. However, due to
the split class HDGE emission standards beginning in 1987, the
number of HDGE families is projected to increase from 7 to 10
of 11 even though no new engine offerings are expected, For
simplicity, and since ‘all HDGEs will have to meet the same NOx
standards, this analysis will assume that HDGE sales are spread
evenly among the 1l families. This allows fixed costs to be
aasigned on a per family basis and spread over the entire
fleet, without  having to assign specific fixed costs to
specific families for the sake of production-weighting the
fixed cost impacts. As will be seen later, in the long term
this introduces no error into the per vehicle cost,.

Second, it is worth noting that beginning in 1987,
manufacturers may exercise the option to certify theit HDGVs of
up to 10,000 Lb GVW as LDTs. While this option also exists for
the 1988 model year, this analysis does not evaluate that
possibility, Presumably it would be more expensive on a per
engine basis to meet the LDT NOx standard (probably requiring a
three-way catalyst with closed-loop control) than it would be
to meet the 1988 or 1991 HDGE standards. Therefore, 1if
manufacturers choose to exercise this aption in 1988, it would
be based on their belief that other perceived or intangible
benefits are worth any extra costs.

Third, any analysis of costs to meet Lthe 1988 or 1991 HOGE
NOx standards must be placed in the proper context by reviewing
current HDGE HMNOx certification levels. The certificatian data
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presented in the HDGE technological feasibility analysis
indicates that none of the families certified in 1985 meet the
1988 6.0 g/BHP-hr NOx standard, even though two configurations
within these families do meet the 1988 standards and one of
these two configurations meets the 1991 standard., For purposes
of cost estimation, this analysis will assume that no clurrent
HDGE families meet the 1988 NOx standard of 6.0 g/BHP=hr.

However, several will be very close.

1. 1988 NOx
a, Cost to HDGE Manufacturers
i. Fixed Costkts

As noted above, no comments specifically addressed the
issue of manufacturers' cost of the intermediate HDGE NOx
skandard. However, a reanalysis of cost has been done to
reflect changes in the EPA projection of the control technology

‘nmecessary to meet the standard, as discussed in Chapter 2,

Technological Feasibiligy, These new cost estimates are
outlined below. :

The costs originally estimated for RD&T included
recalibration of the fuel, ignition, and EGR systems as well as
certification costs. In total, these recalibrations amounted
to $39,600 per engine family based on three calibration
combinations at six person-weeks of effort each. Certification
costs in the Draft RIA were $192,170 per engine family, based
on one durability and three data engines per family.

The final cost estimate includes these costs, plus costs
for evaluation and recalibration for improved secondary air
management, redesign of the combustion chamber, and
emission-related improvements of the intake manifold.
Secondary air management recalibration is expected to renquire
about the same level of effort as the fuel, EGR, or ignitian
system, or $13,200 per engine Efamily. Redesign and testing of
the combustion chamber is expected to consist of a redesign of
the cylinder head and was estimated in the Draft RIA Esr rhe
proposed 4.0 standard to cost $306,900 per engine Eamily,
(including a 10 percent contingency factor). This value .5
used here, Finally, enhancement of the intake manifold s
estimated to require about five times the level of effort ot
any of the above recalibrations, an amount of $66,000 per

engine family.

As was discussed 3bove, 1t is now projected thax i
major manufacturers will cerrify a total of Ll HDGE familiw-
1988. The three rasds 2ariginally presencted in the Drac~
are expected to bDe necessary for all Ll engine families. Yot
cost is' thus $580.4800 for recalibration of EGR, Ffuel, et

ignition systems.
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Of the 11 engine families receiving this recalibration, 8
are expected to be able to meet the 6.0 standard without
additional changes. This is based on a review of current NOx
certification levels which indicates only three families have
NOx emission levels above 8.0 g/BHP-hr. The other three HDGE
Eamilies may require some or all of the additional work listed
above: secondary air recalibration, combustion chamber
redesign, and intake manifold improvement. As given in the
Dratt RIA, RD&T costs for applying these improvements to each
of the remaining engine Efamilies are $13,200 £for the secondary
air, $306,5%00 for the combustion chamber, and $66,000 for the
intake manifold for a total of $386,100 per family. Assuming
that all three families do all the work, this totals an

additional $1,158,300,

Certification must be conducted .for all 11 engine
families, Using the $192,170 certification cost per family
presented in the Draft RIA, certification costs total
$2,113,870. The total fixed costs to meet the 1988 HDGE NOx
standard is the sum of the development and certification costs
or about $3,708,000, The separate components of these cost
are detailed in Tahle 3-140. .

ii. Variable Cost

EGR is the major NOx emission control component expected
on HDGEs. A review of the 1985 certification records indicaces .
that six of the seven HDGE families curcently have EGR
installed. One family, tepresenting-about 4 percent of sales,
would have to install EGR to meet the 1988 HDGE NOx standard.
In a 1980 study completed for EPA, HDGE EGR was estimated to
cost $9.36 at the vendor level (1977 dollars).[1l4] When
adjusted for inflation to 1985 dollars using the new car CPI
(1.,43) and accounting for manufacturer and dealer overhead and
profit (1.29),[9) HDGE EGR is estimated to have a retail price
equivalent of $17.27. When spread over all the vehicles in the
fleet, this averages $0.69 per vehicle,

In addition the recalibration discussion above indicarted
that 3 families may need additional work for combustion chamber

todifications and intake manifold improvements. Redesigned
hardware may be necessary for the three HDGE families neecding
this work, In the long term, the redesigned parts could

presumably cost the same as those being replaced, but a
conservative approach is ctaken and $10 is assigned per
redesigned engine, When this cost for work on three engine
families is spread over all HDGEs, the hardware cost per
redesigned engine due to the 6.0 standard is $2.713, When =he
EGR cost is added to rthe redesigned componant cost, the r-o=al
hardware cost sums to $3.42 per HDGE.
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Table 3-10

Summary of 1988 HDGV NOx RD&T Costs

Families Coskt pet
Catagory Affacted Family Total
Fuel, ingition and EGR 11 $39,600 $435.600
recalibration
Secondarcy air management, 3 $386,100 $1,15%8,300

combustion chamber cedesign,
and intake manifold mods.

Cartification 1l $192,170 $2,113,870
$3,707.770
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iii. Total Manufacturer Cost

The total manufacturer cost of Ethe 6.0 HDGE NOx standard
ig the sum of the RD&T cost and the hardware cost for the
engines produced in the three model vyears immediately following
introduction of the standard, all discounted at 10 percent to
1988, Projected sales have been updated to reflect information
in Reference 3, and are presented in Table 3-11. These sales
figures have been used to ¢generate the total manufacturer
hatdware costs, and are presented together with total RD&T
costs in Table 3-12. Manufacturer costs are shown to be
$7,671,000 undiscounted and $7,869,000 discounted.

b. Cost ko Users
i. First Cost

Manufacturers must recover their costs by increasing the
first price of vehicles equipped with HDGEs, It is expected
that manufacturers face a L0 percent cost of capital and
recover their RD&T costs in the three model years immediately
following introduction of the standard, 1988=90, The
discounted RD&T costs amortized over the engines projected to
be sold in those three model years results in a cost per engine
of $4.02, or about $4. The sum of the engine share of RD&T
cost and the  Thardware cost ($3.42) is the €£first price
increase. Averaged over all model year 1988-90 HDRGES, the
total is $7.44, or about $7 per engine,

ii. Operating Costs

As described in the technolegical feasibility analystis,
the fuel economy impact of the 6.0 NOx standard is expected to
be negligible for HDGEs. Since only engine recalibrations and
compenent redesigns will be used to achieve the required
emissign reductions, maintenance should not be affected by this

standard.

iii. Total User Cost

The total c¢ost te the user is éimply the Eicst price
increase of approximately $§7 pger wvehicle equipped with an
HDGE, Operating costs are not expected to change,

2. Total Manufacturer and User Costs €for the 17383
Standard
a. Manufacturer Cost

The totai manufacturer cost of compliance for the
HDGE NOx standard of 4.0 g/BHP-hr for the three model year-
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1990
1991
1992
1993
1994
19935
1996
1997
1998
1999

Projected HDE Sales (thousands)
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Table 3«11

»

Based on informatian presented in Reference 3.

Gas

igo9
186

Diesael

s
353
367
g2
397
403
409
416
423
429
433

417

Toral
727
739
751
763
776
784
792
8090
808
817
825
833
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Table 3~12

HDGE Manufacturar Costa for L1988 NOx Standarcd

Undidcounted Discounced®*
RD&T Hardware RD&T Hardware

1986+%* $1,594K - $1,929K -
19g7***  2,114K - 2,325K -
L9288 - $1,330K - $1.,330K
1989 - L,320K - 1, 200K
1990 = 1,313K - 1,085K

$3,708K $3,963K $4,254K $3,615K
Total $7,871LK 7,869K
* L0 percent to 1988,

*h Regsearch and development costs.
*** QCarcification coscs,
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1988-90 is the sum of fixed and variable costs developed above,
and is about $7.7 million wundiscounted or $7.9 millicn
discounted at 10 percent to the year of the standard,

b. User Cost

The user cost is the sum of the €first price increase
developed above and any change in operating costs due to the
standard. No operating cost increases are expected, so that
the average cost to the user of a model year 1988-90 vehicle

with a HDGE is about §7.

3. 1991 NOx
a, Cost Eo Manufacturer

EPA received only one comment concerning the cost estimate
per HDGE due ¢to the proposed 4.0 NOx standard. Chrysler
estimated a cost of $180 for reduction from 6.0 to 4.1
g/BHP~-hr, compared to the estimate in the NPRM of §18.
However, Chrysler's comment did not detail the technology which
would cause this price increase, nor did it indicate the amount
of research, overhead and markup contained in the estimate. It
is therefore difficult to determine to what extent the
difference is based on actual differences between EPA and
Chrysler estimates of specific costs, and to what extent it is
due to differences in assumptions in areas such as
technological approach, mark-up, vehicles over which costs are

apportioned, ete.

Nevertheless, absent any detailed comment, EPA has
re-egvaluated the cost of the 1991 HDGE NOx standard based on
the revision of the HDGE NOx portion of the technological

feasibility analysis,
i. Fixed Cost

The cost analysis for the proposed 4.0 HDGE NOx standard
contained 1in the Draft RIA included RD&T costs for the
recalibration of the Ffuel, EGR, and ignition systems,
combustion chamber modifications, and for certification, The
final cost analysis for the 1991 HDGE NOx standard includes
RDAT coskts 1in these areas plus others For improvement of
secondary air management and intake manifold modifications for
those HDGE families not already receiving these changes. These
costs are allocated as described below. The per family cost to
accomplish each of these tasks is the =zame as allocated f:or
1588, For convenience, these costs 3sre shown again in Taikle

i-13,
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Table 3-13

RD&T Costs per HDGE Family

Tasks

Fuel, ignition and EGR recalibration
Secondary air management

Cambustion chamber redesign

Intake manifold modifications

Carcification

Costs per
Family

$39, 600
£13,200
$306,900
$66,000
$192,170
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First, costs are again allocated to each HDGE family for
further fuel, ignition, and EGR recalibration work. However,
this is probably conservative since it is reasonable to expect
that some families will be able to meet the 1991 NOx standard
with only minor changes to 1988-90 calibrations.

Second, further costs for the more significant changes
{secondary air management, combustion chamber redesign, and
intake manifold modifications) are now allocated for these
eight families not receiving these changes in meeting the 1988
standard, This is alsc conservative, since it is unlikely that
all eight families would require all three of the more
significant changes, Thus, as 1s shown in Table 3-14,
recalibration work for all 11 families totals to $435,600 and
other more significant changes for the remaining eight families

totals to $3,088,800.

Third, certification costs are once again appropriated for
all 11 families at a total cost of $2,113,870. Once again,
this is conservative, since it is Llikely that some families
will be able to gain 1991 certification through a running
change in lieu of full certification.

As shown in Table 3-14 when the work 1is allocated as
discussed above and summed, RD&T costs total $5,638,000

(undiscounted).
ii. Variable Cpst

As was discussed above, redesigned hardware may be
necessary for the combustion chamber and the intake manifold
modifications, and was conservatively estimated above to cost
$10 per affected engine. For the 5.0 standard, 8 of the 11
HDGE families will require this hardware. Spreading this cost
evenly over all HDGEs, the average cost per engine is $7.27.

iii. Total Manufacturer Cost

The total manufacturer cost, including RD&T and hardware,
sums to $13,933,000 undiscounted and $14,153,000 when
discounted at 10 percent to 1991. This includes the RD&T costs
developed above and the costs for redesigned hardware on model
year 1991-93 engines. The stream of costs, bhoth undiscounted
and discounted, is shown in Table 3-15.

b, Costs to Users
i. Eirst Cost

The incremental increase in the first price of a 1991 HDiV
over a similar 1990 HDGV can best be presented as the averase
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Table 3-14

Summary of L1391 HDGE NOx RADAT Costs

Families Cost per
Cataqgory Affectad Family Total

1, Fual, ingition and EGR 11 $39,4800 $435,600

recalibration
2. Sacondary air management, 8 $386,100 $3,088,800

combustion chamber redesign,

and intake manifold mods,
1. Certification 11 $192,170 $2,113,870

$5,638,270
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Table 3-15

HDGE Manufacturer Costs for 1981 NOx Standard

___ Undiscounced Discountad*

RD&T Hardware RB&T Hardware
1L989#%* 3,524K ' - $4,264K -
LéQO*** 2,1L4K - 2,325K -
1991 - 2,770K . - 2,770K
1292 - 2, 755K - 2,505K
1993 - 2,770K - 2,289K

$5,638K $8,295K $6,589K $7,564K

Total $13,933K $14,153K
* L0 percenc to 1991,

i Regearch and development costs.
*** Carcificacion coscs.
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first price increase expected if costs are spread over all
HDGEs. If RD&T costs are amortized over three years of sales
(1991-93) at a 10 percent cost of capital, the average per
engine increase attributable to RD&T equals $6.33. This added
to a fleet average hardware cost of $7.27 gives a short term
average first price increase of $13.80 for the 1991 HNOx
standard. 1In the long term this cost drops to about $7.

ii. Operating Costs

As is discussed in the technological feasibility analysis,
no significant fuel economy impact is expected for HDGEs due to
khe 5.0 standard. Therefore, fuel costs will not be affected.
Increased maintenance is not expected as a result of meeting
the 1991 HDGE NOx standard, so maintenance costs sheould not

change,

iii. Total User Cost

The total user cost of the 1991 standard is simply the
first cost increase, averaging $13,60 over the cost of a model
year 1990 vehicle equipped with an HDGE. No inc¢reases in
operating costs are expected.

4, - Total Manufacturer and User Cost Eor the 1991
Standard
a. Manufacture; Cost

The total manufacturer cost of compliance for the 1991
HDGE NOx standard of 5.0 g/BHP-hr for the three model vyears
1591-93 is the sum of tixed and variable costs developed ahove,
and is about $13.6 million undiscounted or $14.2 million
discounted at 10 percent Lo the year of the standard.

b. User Cost

The user cost is the sum of the first price increase
developed above and any change in gperating costs due ta the
standard. No operating cost increases are expected, so that
the average cost increase to the user of a model year 1991-93
vehicle with a HDGE is $13.60. After RDAT costs are amortized,
the first price increase will drop toc about §7 per HDGV.

cC. HDDE NOx and Particulate Standards

Specific comments on the proposed HDDE NOx standards were
received from five manufacturers -- Cummins, Ford, Gensral
Motors, Internaticnal Harvester, and Mack, as well as from the
Department of Energy, the Engine Manufacturers Association, and
the American Trucking Association, All commented either that
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hardware costs were substantjally higher or fuel economy losses
considerably greater, or both, than those estimated by EPA. In
general, detailed derivations of the costs were not given in
the comments, and EPA's darivation approach was not
challenged. However, in one case a comparison of assumptions
was made which detailed the reasons Efor fuel eaconomy cosk
estimate differences without investigating the relative merit
of the two methods.

The comments have prompted revised analyses of
manufacturer cost estimates by EPA. In the case of RD&T, costs
are based on the number of engine families which will require
the work; at this time, family-specific data on HDDEsS is not
available. Therefore, EPA c¢an only estimate the number of
families which will require RD&T allocations based on general
manufacturer comments. For hardware costs, those components
which were not costed by Rath & Strong(l] were estimated by EPA
in the Draft RIA; again, they are updated here based on

general manufacturer comments. These estimates are retail
price equivalent (RPE) costs. The detailed reanalysis is
provided in the following sections,

1. 1988 NOx Standard

3., Cost to HDDE Manufacturers

Hardware changes deemed necessary for engines to meet the
6.0 g/BHP-hr NOx standard as outlined in the Draft RIA included
injection timing retard and the addition of aftercooling to
non-aftercooled turbocharged engines. In comparison to this,
Ford outlined hardware plans of improved Euel injection
systems, variable injection timing, and turhbocharging on all
engines, as well as charge air cooling on some. Cummins listed
variable injection timing, low temperature aftercooling,
increased fuel injection pressure, combustion chamber
modifications, and an electronically contreolled fuel system,
while Internaticnal Harvester listed engine cooling system
changes, air-te—-air aftercooling, and electronically controlled
fuel systems. The dissimilarities in these lists of hardware
changes contributed to the difference in cost estimates between
manufactures and EPA; they also prompted a revision of
development Ltasks and hardware in the EPA analysis, which 1is

presented later,

The costs presented by manufacturers for HDDE 6.0 g/BHP-hr
NOx control are compared to EPA's projections as follows:
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Retail Price Increase per HDDE, 6.0 NOx Standard

Draft Analysis $le HDDE average
£78 HDDE with new technology

Cummins $100-800 Depending on need for wvariable
timing; including particulate
control

Ford $350 - HDDE average, including particulate
control

Y $337 HDDE average

Ford's cost 1is an estimate of the consumer cost for the
hardware changes described abowve, which are currently planned
Eor model year 1987 in anticipation of more stringent NOx
standards for that year. Cummins indicates "“...an increase in
estimated engine prices for the Cummins product line." The
value given by International Harvester (IH) is a salegs-weighted
value of going fram 10.7 to 6.0 g/BHP-hr NOx based on the cost
difference between present California and Fedaral IH engines.
The California NOx standard is 5.1 g/BHP-hr.

The costs presented by manufacturers are clearly higher
than those given by EPA, prompting the reanalysis which is
included below; however, since the industry estimates do not
give detailed breakdowns of components and costs, it is
difficult to tell whether the values in the comments can be
directly compared to the EPA estimates, For example, the
industry estimates are presumably per engine requiring new
technology, although this is not clearly stated; the EPA
estimates presented in the NPRM are spread over all HDDEs, some
of which are projected not to require the new hardware. Also,
manufacturers, when indicating increase in “"consumer cost*, do
not indicate which RD&T costs are included, nor the amount of
dealer markup, From aggregate RD&T costs which were provided
confidentially by some manufacturers, it appears that ongoing
basic research costs are included, rather than only those costs
which arise from research directly applicable to this standard.

as in the EPA analysis.

Dealer markup 1is opresumably higher in the industry
analysis than in EPA's analysis; EPA bases its markup on the
idea that the dealer will incur no costs due to the standard
exgept for the interest that must be paid on the higher cost &f
the inventory before it 1is liquidated:; this interest iy
included in the EPA markup wvalue. Using this method, rhe
dealer will receive no profit due te the standard, but will aon
take a loss either. On cthe cther hand, if the manufacturers
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are 1including their usual dealer markup in their “consumer
cost"® estimates, the dealer is taking a profit €£from the
standard; such dealer profit is not correctly applied to the
cost of the standard,

Such differences in the analyses may parctially explain the
differences between EPA and manufacturer cost estimates, and
create a situation where the wvalues cannot be directly
comparad. Resolution of these potential differences 1is
confounded by the Eact that the develaopment of the industry
cost estimates is not documented in the comments, so that even
the discussion above is only a conjecture as to what the cost
values presented in the comments may actually represent.

Nevertheless, as part of its review of the technological
feasibility of the 6.0 g/BHP-hr NOx standard, EPA has
reevaluated the control technology needed to meet the
standard. This in turn has led to a reanalysis and revision of
the cost fiqures; this revision is discussed below,

i. Fixed Cost

The reanalysis of the RD&T and hardware costs necessary
for HDDEs to comply with the 6.0 g/BHP-hr NOx standard includes
the timing retard and addition of .aftercooling as in the Draft
RIA, plus additional RD&T and hardware costs of improved
aftercooling, variable injection timing, and improved
turbocharging. The number of HDDE families remains at 86, as
in the Draft RIA. '

Timing retard calibration evaluation was costed at $26,400
per engine family in the Draft RIA, hased on three calibrations
per engine family, l60 labor hours per calibration at a rate of
$50 per hour, and a l0 percent contingency Ffactor. This value
has been increased to $132,000, five-fold the original, because
an increased number of <calibration evaluations would be
necessary to optimize fuel economy and to deal with the larger
number of approaches available for meeting the 6,0 g/BHP-hr
standard. For 1986 engine families, RD&T comes to $11,352,000
for timing retard. The addition of attercooling to 10 percent
of the HDDE families (half of those turbocharged engines
without aftercocling) remains as before, at $57,400 per engine
family and a total of $494,000 based on six person-months of
engineering and development work per Eamily.

New to this analysis for the 6.0 standard is the
improvement of aftercooling, which was previously believed to
be necessary only for the 4.0 standard but is now added in
response to manufacrturer comments, This RD&T cost also remains
the same as in the 4.0 porticn OFf the Draft RIA, at $172,200
per family for air-te-air and $57,400 for air-to-liquid
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aftercooler systems. At a 50 percent application rate for each
system for the 72 engine families aexpected te have

aftercooling, the total cost is $8,266,000.

Variable injection timing (VIT) and improved turbocharging
are also new to this analysis, and are each estimated ko have
RDAT costs of $95,700 per engine family; however, half of these
cosks are applied to the particulate standard, leaving $47,850
per family for each of the two tasks. This value is based on
two designs per change, four person~months per design, and the
usual $50 per hour and 10 percent contingency factor, as well
as an additional 25 percent to account for the effort needed to
optimize fuel economy. Assuming VIT and improved turbocharging
will each be assigned to 50 percent of the B6 engine families,
these costs are $2,058,000 per task, or $4,115,000.

Certification costs remain at $6,500,000 as presented in
the Draft RIA. This includes dynamometer time and emission
test costs for one durability and three data engines per engine

family.

Total RDAT costs are then the sum of all these costs, ot
$30,738,000. This 1is comprised oaof $11,352,000 for timing
calibration evaluations, $494,000 for the addition of
aftercooling, $8,266,000 for the upgrading of current
aftercooling systems, $4,115,000 for VIT/improved turbocharging
and $6,500,000 for certification.

ii, Variahle Cost
Hardware costs per engine have also increased. While

costs for injection timing retard and addition of aftercooling
remain, total hardware costs are increased due to the additien
of improved aftercooling, variable timing, and improved
turbocharging, The per engine hardware cost for HDDEs adding
attercooling capability remains at $el, with 10 percent of
HDDEs being affected.

Improved aftercooling cost per engine also remains as
originally in the Draft RIA for the proposed 4.0 standard, at
$73 for conversion of an air-to-liquid to an air-to-airc
aftercooler, and $9! for upgrading of an existing air-to-liquid
system. These costs, however, are now being allocated to some
engines which will be built under the 6,0 standard, in response
to manufacturer comments that some will need the technology ftor

the earlier standard. The rate of application is such that
half of all turbochacged engines (31 percent of all HDDEs) will
employ new or upgraided atftercooler systems for the 553

stapdard. One-third £ rthis 3L percent, or 10 percent .: r:n
total,’ is comprised o€t HDDES geteing air-to=l:;.:t
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aftercooling For the first time as described above. 0f the
remaining 21 percent, 16 percent will convert to improved
air-to-liquid aftercosling and 5 percent will convert to
air-to-air aftercooling. These costs average to $87 for each
vehicle converting to improved aftercooling, and $18 when

applied to all HDDEs.

The incremental cost of electronically-controlled variable
injection timing is estimated at $25 per engine, and is applied
to half of the engines, with half of the cost charged to the
particulate standard. As noted above, this is an EPA estimate
based on manufacturer comments to the NERM,

. Improved turbocharging is estimated to cost $5 per engine
as in the Drafe RIA, and would apply to 50 percent of all
turbocharged HDDEs (31 percent of all HDDEs). Half of this
cost would be applied to the particulate standard.

The sum of these costs on a fleetwide average basis is
about $32 per HDDE. When applied only to engines requiring the
new Ltechnology, and the average hardware cost for the 6.0
g/BHP-hr NOx standard would be $93 per engine.

iii. Total Manufacturer Cost

Total RD&T and hardwate costs must be discounted at 10

percent ko the yeatr of the standard, 1983, In order to-

represent actual manufacturer cost. It is reasonable to expect
that RD&T expenditures will be made in the two years
immediately preceding the year of the new standard. The RD&T
costs described above are summed in Table 3-16, and presented
in undiscounted and discounted Eorm. Hardware <costs are
allocated according to sales projections, which have been
updated due ta new information(3) and were shown 1in Table
3=-11. Using these sales projections and the average cost per
HDDE developed above results in the distribution of hatdware
costs shown in Table 3-17, in both undiscounted and discounted
form. Since the 6.0 g/BHP-hr NOx would only apply through
1990, the hardware costs are presented and summed €or only
three model years of HDDE sales. Manufacturer hardware costs
sum to $34 million dollars undiscounted and $31 million

discounted.

These manufacturer costs for RD&T and hardware are
summarized and presented on an annual basis in Table 3-18.
This analysis results in a total undiscounted manufacturer cost
of about $64.4 million and a discounted cost of about $448.4

million.



1586
1987
TOTALS

i-38
Table J-1l6

DDE RDG&T Cosks for 6.0 NOx

Undiscounted Discounted?
Non- Non- '

Cert. Costs Cecrt, Costs Total Cert. Costs Cert., Costs Tokal
$17,000K §1,000 £18,000K  $20,570K $1,210K &21,780K
§ 7,200K $5,500K $12,700K $7,920K $6,050K $£13,970K
$24, 200K $6,500K  &$30,700K $28,490K $7,260K 335, 750K

- Discounted at 10 percent ko 1988,
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Table 3-17

HDDE Hardware Costs for 1988 NO% Standard

19848
1989
1990
TOTAL

LR -
" 5 —— .. L

Undiscounted Diszounted®*
§10,753K $10,753K
11,228K 10,207K
11,675K 9,649K
$33, 656K $30,6809K

Discounted at 10 percent to 1988,
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Table 3-18

HDOE Manufacryrer Costs f£or 1938 NOx Standard

Undiscounted Discounteds
ROD&T Hardware RD&T Hardwara
1984 : $18,G00K - $21,780K -
1337 12,700K -— $13,970K -
1588 - $10,753K -— $10, 753K
1989 - 11,228K - 10,207K
18940 == ‘LL,675K - 9,649K

$30,700K $33,656K $35,750K $30,809K
TQTAL §64,356K $66,359K

Discounted at 10 percent to 1%88.



b. Cost to Users
i.  First Cost

Increases in HDDE purchase price due to the 6.0 NOx
standard are determined in the same manner as £for the LDT
standard, except that the capital costs (RD&T) are expected to
be recovered in three rather than Eive model years due ko the
introduction of the second NOx standard in 1991. The average
increase in first cost of HDDEs would consist of the sum of the
discounted RD&T cost amortized over vehicle sales for model
years 1988 through 1990 through plus the average per engine
hardware cost, These costs can alsce be expressed per HDDE
requiring new technology rather than as average per endgine cost
by adding the RD&T <cost apportioned only over the affected
vehicles to the cost o¢f the hardware required. Costs using
these two different approaches are presented below.

First, total discounted RD&T cost amortized over the total
HDDE sales projected for model years 1988 through 1990 results
in a cost of approximacely $37 per vehicle., When this is added
to kthe #$32 average hardwate cost developed above, the average
first price increase is $69. When distributed only over those
engines affected by the standard, the costs are $50 for RD&T
and $93 for hardware, for a total of $143 for a wvehicle

receiving new technology.

ii. Fuel Econcmy

In Chapter 2, Technological Feasibility, it was estimated
that fuel economy penalties assoclated with the 1988 model year
NOx standard would be in the range of 0 to 2 percent in the
short term., This penalty should tend to disappear by the time
of implementation of the second standard, 1991, as part of a
normal ktrend toward further engine and vehicle improvements.
EPA has reevaluated the cost 1impact of these short-term fuel
economy losses based on the comments received. This 1is

presented below,

First, fuel economy estimates for 1988 HDDVs have been
updated, and are derived from information in Reference 3.
These estimates for LHDDEs, MMDDEs, and HHDDEs have been
lowered to 15.1 mpg, 8.0 mpg, and 5.9 mpg respectively. This
makes them ¢leoser to the Argonne National Laboratory estimates
supplied in comments received from the Department of Enerqgy
{DOE)Y which compared EPA and ANL assumptions. These fuel
economy values are combined with a fuel cost of $1.20 per
gallon; ANL used $!.45 as the estimated average cost over the
lifetime of the venicle. Howaver, since the price of diesel
fuel has varied signi:ficantly in the recent past, and since
fuel prices continue to be highly sensitive to the world
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political climate and, therefore, unpredictable, EPA has used
$l.20/gal as representative of today's price without attempting
to project future price increases.

Average annual mileages and lifetimes remain as in the
Draft RIA, at 11,000 miles per year for 10 years, 30,000 miles
per year for 9 years, and 65,000 miles per year for 8 years for
LHDDEs, MHDDEs, and HHDDEs, respectively., These values include
cne rebuild for some of the MHDDEsS and most of the HHDDEs, and
are reasonable estimates of the actual lifetimes of these
engines for fuel economy purposes. The useful life VMTs used
by ANL do not involve any rebuilds, but EPA has found that the
majority of the heavier HDDEs are not, in fact, retired after
their initial useful life, and hence would continue to accrue
fuel economy penalties. Therefore, EPA has included these
higher lifetime values in calculating the lifetime fuel economy
cost for the standard,

A 10 percent discount rate is employed with the values
given above and the fuel economy estimates are sales weighted
in arriving at the average cost per engine and total average
lifetime cost. The sales fractions used are 35 percent LHDDE,
29 percent MHDDE, and 36 percent HHDDE, and are derived from
information presented in Reference 3.

Using the fuel economy., fuel price, and vehiclesengine
average lifetime miles and years it can be calculated that each
one percent reduction in fuel economy corresponds to an anpual
increase in diesel fuel usage of 7.3 gallons for LHDDEs, 37.5
gallons Ffor MHDDEs, and 110.,2 gallons Efor HHDDEs, These
increases in fuel usage correspond to lifetime discounted costs
of %54 for LHDDEs, $259 for MHDDEs, and $705 for HHDDEs, Sales
weighting these costs gives the average lifetime cost for a |
percent change in fuel economy of %348 per affected engine.

Applying these average costs, the range in the fuel
economy cost per engine which corresponds to the 0 to 2 percent
change expected for nodel year 1988 vehicles for the 1988 HDDE
NOx standard is $0 to 3$696. This wvalue should drop to $0
hefore implementation of the 1991 standard.

iii. Maintenance

No increase or decrease in mainktenance is expected as 4
result of the application of the technology needed to meet the
6.0 g/BHP-hr NOx standard and hence there should be no impacek
on costs.,
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iv. Total User Costs

In summary, owners of model yvear 1988 through 1990 HDDVs
¢an be expected to pay an average of approximately $69 more for
the emission control on these vehicles than they would have
paid without promulgation of the NOxz standard. In terms of
fuel costs, the increased average lifetime cost per vehicle is
expected to be bektween $0 and 3696, tapering off to $0 in later
model years. Total lifetime increase is thus %69 to $765 in
the short term, and $69 in the loeng term. ‘

2, 1988 Particulate Standard
a. Cost_ ko HDDE Manufacturers
i, Fixed Cost

The RD&T costs for the non-trap particulate standard were
reevaluated, but due to the lack of specific comments, EPA saw
no need for major change from those costs presented in the
NPRM. Some revisions in the 1988 particulate RD&T costs arae
caused by chandes in the RD&T costs for 1988 NOX control which
are allocated equally with particulate contral, and general
comments indicating the need for more development to deter Fuel
aconomy penalties.

The original non-certification RD&T cost was hased on four
tasks: 1) modifications to the combustion chamber through
changes in the piston, 2} changes in injecteors and increased
injection pressure, 3) changes in the fuel delivery system to
refine air/fuel ratio control during transient operation, and
4) changes to the turbecharger to improve air delivery
characteristics during transient operation. In the Draft RIA,
the cost per task to accomplish this neon certification RD&T was
estimated at $3,292,000, This was based on 2 design
evaluations per task, 4 person-months per design at $50 per
hour, and a 10 percent contingency factor, applied to one-half
of the 86 engine families, EPA determined that one~half of the
families would need the work based on manufacturer comments to

the NPRM.

The current estimate for RDST is based on the same four
tasks listed above, as well as on one-half of the cost of
applying variable injection timing (VIT). The other half of
the cost for developing VIT is included in the RD&T costs for
NQOx, as is half of the cost of improved turbocharging. Thus,
the particulate standard is being allotted the Efull RD&T cost

for three tasks -- piston modification, transiant air/fuel
ratio control, and improvement in injecters -- as well as nalf
the cost for each of rthe rtwo rnasks of improved tuckochaiging
and VIT, The cost pger c£ask in the present analysis 1is

increased from the
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criginal estimate by 25 percent in order to account E£or an
additional effort to optimize fuel economy, 1in response to
comments that such an effort will occur. The estimated
non-certification RD&T cost for the 1988 particulate standard
is therefore $3,292,000 per cash X (3 + 2(1/2)) tasks X 1.25
fuel economy effort factor or about $16.5 miltion.

In the Draft RIA, 1988 HDDE certification was estimated to
cost $13 million. Assigning this c¢ost at 50 percent each for
NOx and particulate allots $6.5 million of the certification
costs to particulate control, This brings the total
undiscounted RD&T cost to approximately $23 million.

ii. Variable Cost

Hardware . costs, like fixed costs, are calculated much as
in the Draft RIA, where they were estimated a3t $20 per affected

engine, based on §5 per medified component. The modified
components include: 1) combustion chamher/piston design
changes, 2) injector and injection pressure modifications, 3)
fuel delivery system changes, and 4) turbocharger

‘improvements, This analysis has changed only to reflect the

changes discussed above.

The cost remains at $5 per component for the Ffirst three
compohents listed above, while the charge for improved
turbocharging is halved to $2.50, with the other $2.50 being
allotted to the cost of the 1988 NOx standard, 1In response to
limited comments in this area, an additional $5 is included for
improvements in transient control of air/fuel ratio control and
turbocharger operation, As was mentioned in the cost analysis
for the 1988 NOx standard, electronically controlled variable
injection timing will be used to control NOx and particulate,
Adding this capability is expected to cost $25 per engine.
Half of the cost of wvariable injection timing, or $12.50 per
engine, is also now charged to the particulate standard to
accompany such a charge being added to the NOx standard.
Summing these c¢osts results in a $35 cost for each engine
receiving the modifications; overall, half are expected to
receive them. The average cost petr HDDE is therefore about- $18.

iii. Total Manufacturer Cost

It 1is expected that ©the RD&T ocosts for the to3s
particulate standard will be incurred according to the time
table shown in Table 3-19, which 1is proportional to that
ptesented in the Draft RIA. Costs are shown both undiscounted
and discounted to (%88 at 10 percent. Total hardware costs ¢
the three model vears following introduction of the stanzdacd
are based on projected sales far thase years as shown in Tabla
3-11l; these costs are estimated using projected sales figui=s
and are given in Taole 3-20 in both undiscounted and discoun-ed

forms.,
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Table 3-~19 i

HDDE RD&T Costs for 1988 Particulate

Undiscounted Discountad* :

Non- Non- I
Certification Cercificacion  Tocral Cercification Certificacion _ Total |

1986 $15,000K $1,000K $16,000K  $18,150K $1,210K $19,360K F

1

L1987 $1,500K $5,500K $7.,000K 41 ,650K $6,050K $7,700K i

© TOTAL $16,500K $6,500K $23,000K $1.9,800K $7,260K $27,060K !

* Discounted at 10 percent co 1988,

A e e,
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Table 3-20

HDDE Hargdware Costs for 1988 Parkiculara

I Undiscounted Discounted®
i 1988 35,915K $5,915K
|
1989 $6,178K $5,616K
1990 $6, 422K $5,307K
TOTALS $18,513K $16,838K

» Discountad to 10 percent to 1988,

e L
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Total manufacturer cost i1s the sum of these EkEptal RD&T and
hardware costs, and amounts ko approximately $41.5 million
undiscounted and $43.9 million discounted cost, as shown in

Table 3-21.

b. Cost _to Users
i. Firsk Cost

The total RD&T cost developed above can be recovered by
increasing HDDE prices by %28 for model year 1988-90 engines.
When added te the average hardware cost of $18, the total first
price increase averages $46 per HDDE. Apporticning this cost
only over those vehicles affected by the standard results in a
first price increase of about $84 per HDDE.

ii, QOperating Caost

As described in the technological Cfeasibility analysis,
neither fuel economy nor maintenance is expected to be impacted
by the 0.6 g/BHP-hr particulate standard, and hence will not

impact user costs.

iii, Total User Cost

The average increase in user coskt due to the (988
particulate standard is the sum of the first price increase and
any increase in operating costs, Operating costs are not
expected to change, so the average user cost is simply the
first cost increase of $46 per model year 1988-90 vehicle

equipped with an HDDE.

3. Total Manufacturer and User Costs EFor 1988 NOx and
Particulate Standards

The total HDDE manufacturer cost of compliance with the
1988 standards is developed above for the NOx and particulate
standards separately,. These costs are shown together in Taole
3-22, and total approximately $110 million manufacturer cost

discounted to 1988.

The total HDDE user cost per vehicle is also developed
above separately for the two standards; the total is shown in
Table 3-23 and is $115-%810, depending on the fuel econary
penalty. This value will tend towards $115 in later muidel
years as fuel economy improves,
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1988 Parkiculate

Undiscounted Discountad*
RD&T Hardware ROD&T Hardware
£16,000K -- 519,360K -
$7,000K - 37,700K -
- $5.915K - $5,915K
-— §6,178K - $5,6L6K
-= $6,422K - $5,307K
$23,000K $18,515K $27,060K $16,838K
8§41,515K $43,8938K

Discountad to 10 percent to 1984.
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Table 31-22

Total HDDE Manufacturer Costs
1888 MOx and Pacticulate Standards

Undiscounted
RD&T Hardware#n
$30, 700K 513, 656K
23,000K 18,515K
53, 700K 52,171K
$105,871LK

" Discounted at 10 percent to 1988

*a Medel year 1988-90 HDDVs.

Discounted*®
RD&T Hardwaret®
$35, 750K $30,609K
27,060K 16,838K
62,810K I 47,447K
$110,257K
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Table 3-23

Total HDDE User Costs
L988 NOx and Particulate Standards

Pleetwide Vehicle Average

Firat Cost Fuel Economy
$ 69 $0-696
$ 46 %0
$115 $0-696
$115-810

* The $696 fuel economy cost is from a short-term 2 percent
fuel econcmy penalcy.



4. 1991 NOx
a. Cost to HDDE Manufacturers

The manufacturer comments which applied to the 6.0 HDDE
NOx standard generally applied to the originally proposed 4.0
standard also, with the basic assertion that EPA cost estimates
were too low., Specific values for the manufacturer costs of
maeting the lower standard were given only by Ford and the
Department cof Energy (DOE), as Eollows:

Retail Price Increase Per HDDE, 4.0 NOx Standard i

Draft Analysis $291 from 6.0 to 4.0, HDDE average
$347 from 6.0 to 4.0, HDDE with new technolog
Ford £350 from 6.0 to "lowest possible NOx*
$700 from 10.7 ko "lowest possible NOx"
DOE $643 from 10.7 to 4.0

As in the analysis for the 1988 standard, it is unclear
what is 1included in the cast estimates presented in the
comments in regard to such things as RDAT, markup, and percent
of engines over which costs are apportioned. The technolegy
changes which are being used to estimate these costs are also.
not detailed in-the comments, although Ford states that all
engine models will require aic-to-air aftercooling. and
Finally, DOE presents its value, developed by Argonne National
Laboratories (ANL), as the total cost of going from the current
NOx level to the final proposed level, rather than as the
incremental costs involved with the intermediate levael, as EPA
does. Ford presents costs for both the total and incremental
reductions, but finds the costs to achieve the total reduction
without any discounting of fixed rosts; DOE also does not
discount, making it difficult to directly compare with EPA's

aestimates,

However, the costs given in the comments are close to
those projected by EPA, when apportioned over engines with new
technology and using incremental cost from the intermediate
standard. The larger values given by Ford and DOE which
include the total cost ¢f controlling from 10.7 to 4.0 NOx are
approximately twice as high as EPA's incremental estimate,
presumably due to the cost of the intermediate standard, which
was addressed above,

Therefore, the analysis of HDDE manufacturer costs £or the
5.0 NOx standard remains essentially the same as that in the
Draft RIA for the 4.0 standard, with changes only in hardware
costs in order to reflect comments and to complement changes
made for the intermediacte standard.
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i.  Eized Cost

RD&T costs for the proposed 4.0 g/BHP-hr NOx standard were
developed in the Draft RIA., The RD&T costs for a 5,0 g/BHP-hr
NOx standard are essentially the same as Ffor the proposed
standard at %$28,700,000 undiscounted cost, but are delayed one

yedr, along with the standard.

ii, Variable Cost

Hardware costs applicable to the 5.0 NOx standard for
HDDEs accrue from additional and improved afterceooling, piston
design and turbocharging. The Dratt RIA also included costs
to cover some portion of the costs for applying electronic
control modules (ECMs). However, since manufacturers' comments
have indicated that virtually all engines will have such units
for ceasons other than emission reductions prior to
implementatcion of the standard, costs for electronic control
modules are not properly attributable to this standard, Thus,
the total hardware cost estimates are reduced from those in the
Draft RIA., The other component c¢osts remain the same, however,
and are based on comparisons to costs of similar pieces of
equipment on existing engines.

Based on manufacturers’ comments, engines applying
aftercooling €for the first time are most 1likely to use
air«to~-air aftercooling, As discussed in the Draft RIA, the

application of air-to-air aftercooling is estimated to cost
$134. It was shown in the Draft RIA that 21 percent of all
HDDEs are turbocharged and employ no aftercooling; 10 percent
were allocated funds for applying aftercooling in response to

the 1988 standard, leaving 11 percent still without
aftercooling, Applying the $134 per engine te this 1l percent
results in an average of $15 per HDDE, The turbocharged

engines which did not receive new or improved aftercooling for
the intermediate standard will require it now, at a cost of $73
for converting Ffrom air-to-liquid and $91 Ffor upagrading ain
existing air-to-liquid system. These costs are taken Erom the
Draft RIA and are the same as used above for the 6.0 standard.
For the 6.0 NOx standard it was projected that 5 percent arf all
HDDEs would convert from air-to-ligquid ko air-tu-air
aftercooling and 16 percent would upgrade current aic-to-liquid
systems, For the 199! standard it is projected that another 5
percent will convert to air-to-air and 15 percent will upgiade
air-to-liquid systems. On a weighted basis, the average vcust
of improved aftercooling is $17 per HDDE,

The component »ist  and smount of application of gii =
redesign remains 3is in =he Drafr RIA, at $£5 per engine at
percent applicactiun  rate. EPA's best estimate base: 4
manutacturer comments cresults in $1.295 per HDDE.
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Earlier in this analysis, it was projected that 50 percent
of the HDDEs would need turbocharger improvements to meet the
1988 NOx and particulate standards, Improved turbocharging is
now expected to be employed on the remaining half of the
engines to meet the 1991 NOx standard at a cost of $5 per
engine, as allotted foc the intermediate standard. This

results in $2.50 per HDDE,

EGR is eliminated as an expenditure to meet the 1991 NOxz
standard, in a tesponse to indications from the manufacturers
that they will not employ EGR on their engines. Electronic
control module hardware costs are also eliminated, as discussed
above, although RD&T costs were allocated for software design.

Total hardware costs are then the total of the above costs
for aftercocling, piston design, and improved turbocharging.
This amounts to $36 per engine average hardware cost, or $113
per HDDE receiving the new hardware.

iii, Total Manufacturer Cost

To calculate total manufacturer cost, RD&ET and hardware
costs must be discounted to the year of the standard, 1991,
The distribution of RD&T costs which was given in the Draft RIA
and is used again here is shown in Table 3-24, Hardware costs
expendaed according to sales projections and discounted to the
vyear of the standard are shown in Table 3-23, The total
manufacturer cost arises from the sum of these costs, and is
developed in undiscounted and discounted forms in Table 3-26.
Total manufacturer cost of compliance with the 19%1 HDDE NOz
standard is shown to be about $71 million undiscounted and $£73

million discounted teo 1991,

b, Cost to Users
i. First Cost

Incremental increases in first cost due to the 5.0 HDDE
NOx standard are determined in the same manner as described
previously, except fixed costs are recovered over 1991 through
1993 model year HDDEs. The average increase in First cost of
HDDEs would consist of the sum of the discounted RD&T costs
amortized over sales for model year 1991 through 1993 plus the
hardware cost .developed above. These costs are approximately
$32 for RDAT and $36 for hardware for a total of $68 average
HDDE first price increase., These costs can also be expressed
petr HDDE requiring new fechneology rather than as average per
engine cost by adding RD&T cost apportioned only over rhese
engines to the cost of the hardware required., These costs re
approximately $44 far RDA&T and $£113 cZor hardware, for & %cnal
for $157 for an engine receiving all of the new technology.
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Table 3-24

HDDE RD&T Costs for 1961 MOx

Undiscounted Discounted#
Non- Nan-

Cert, Costs (Cert. Costs Total Cert. Cosks Cect, Costs Tobal
$7,000K - $7,000K $9,317K - $9,317K
14,000K 1,000K 15, 000K 16,940K L,2106  18,150K

1,200K 5,500K 6, TOO0K 1,320K 6,050K 7:370K

Totals $22,200K $6,500K $29,700K $27,577K

Discountad at 10 percent to 1991,

$7.260K $34,837R
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Table 3-25

§éi§£ Undiscounted
1991 $13,671K
1992 14, 209K
1993 14, 423K
TOTAL 42, 305K

. Sales taken from Table 3-11.

" Discountad at 10 percent to 1%91.

Discountad*"

$13,673K
12,917K

11,920K
38,510K
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Table 3-2§

HDDE Manufacturer Costks for 1931 NOx

Undiscounted Discounted"
_RO&T Hacdware RO&T Hardware
1948 $7,000K - $9,317K -
L1989 15.000K - $18,150K --
19%0 6, 700K .- . 7,370K -
1991 -2 $131,673K -- $13,673K
1392 - 14,209K - 12,917K
1993 - 14,423K - 11,920K
$28,700K $42,305K $34,837K $38,510K
TOTAL $71,0053K $73,347R

Discounted at L0 percent to 19%1.
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The cumulative increase in first cost over current engines
to achieve compliance with the 19%1 standard would be the sum
of the coskts for 1988 and 1991, The total increase in first
cost is thus $69 for 1988 hardware plus $68 for 1991 or $137.

ii. Fuel Economy

In Chapter 2, Technological Feasibility, it was estimated
that fuel economy penalties associated with the 1991 standard
would be in the range of 9 to 1 percent in the short term, and
this penalty should tend to decrease to one-half percent with
time as vehicle and engine improvements are made. The 0 te 2
percent penalty associated with the 1988 standard should have

disappeared by 1961.

Fleetwide fuel economy costs are calculated in the same
manner as for the 1988 standard, amounting to an average per
vehicle lifetime increase of $348 per 1 percent increase in
fuel consumption. With a 0 to 1 percent change in fuel economy
expected for the 5.0 standard, the short term fuel cost
increase is thus $0 to $348, tapering off to $0 to $174 over
the long tecm,

Several commenters--Mack, American Trucking Association,
and Department of Energy--indicated the fuel cost increases

. would be much greater than this. All estimates, however, were

based on a vatiety of different assumptions regarding vehicle
lifetimes and .amount of Cfuel currently used, as well as on
higher fuel economy penalties, The fuel economy penalty issue
is most important, and is addressed in Chapter 2, Technological
Feasibility; the other issues are methodology differences of
VMT and fuel price estimates, and are discussed above in regard
to the 1988 HDDE NOx standard,

iii. Maintenance

Maintenance is not expected to be affected by this
standard, and hence should not impact on cost.

iv, Total User Cost

In summary, owners of model year 1991 and later vehicles
which are equipped with HDDEs can be expected to pay an ave:raje
of approximately $68 incrementally over model year 1988 thraugh
1990 wvehicle prices or §137 total more than they would have
paid without the introduction of the two HDDE NOx standards.
In terms of fuel coasts, Ethe increased average lifetime cost ot
vehicle is axpected to be between $0 and $348, tapering :57 &
later model years =3 $0 to $174. Incremental lifetime inctoo..
is thus $68 to #$4l6 in the short term, and $68 to $242 .o .
long term. Tetal lifetime increase tor :nodel year 199iQ .3
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later HDDEs due to the NOx standards is $137 ko $485 in the
short tarm, and $137 to $311 in the long term. These costs are
summarized in Table 3-27.

5. 1991 Diese]l Particulate Standards (0.25 g/BHP-hr for
HDDEs with 0.10 g/BHP=hr Eor Urban Buses

. In this section, the costs of Lthe 1991 diesel particulate
standards for HDDEs are examined. As described in the
Technical Feasibility Chapter (Chapter 2}, achieving these
standards will require the use of trap-oxidizer technology on
100 percent of the urban huses and about 60-70 percent of the
remaining HDDPEs. Since the same basic type of trap-oxidizer
system will be used on both HDDEs and urban buses, in the
subsequent analysis of comments and cost derivations, the
primary discussion in each sectcion centers on HDDEs in general,
and s then followed by a discussion of any special
considerations of urban buses, as necessary.

a. Cost_to _Manufacturers
i. Fixed Cost

In the draft analysis, EPA  separated research and
development costs into three categories: 1) general system
development; 2) specific engine family design; 3} electronic
control development, The seven largest HDDE manufacturers were
each allotted about $2.8 million to develop general ¢trap
systems. Smaller manufacturers were expected to rely on
guidance from trap-oxidizer manufacturers for general designs.
Engine family specific designs were assumed to be required by
about 70 percent of the engine families with averaging, at a
cost of about $230,000 per engine family. The development of
aelectronic controls was estimated at about $115,000 for each

engine family.

Three comments were received regarding EPA's research and
development cost estimates, In the €first comment, GM stated
that EPA had clearly underestimated the cost of basic trap
development, claiming that it had already expended $40 million
by the end of 1984, In presenting it*'s $40 million
expenditure, GM failed to distinguish what portion of this
amount is attributable to LDD trap development and which is
attributable to HDDE trap deve lopment. Without this
information, it is impeossible to know how much GM has indeed
spent on trap systems for HDDEs, The company's claim can be

placed in perspective, however, by  the Fact that LpoD
requlaticns requiring trap technology were promulgated &ar rthe
1885 model vyear in early 1980.[4] (These requirements wer=

subsequently delayved in early L1384 until cthe 1987 model
year,) (5] By contrast, HDDE <=£rap requirements for the 1651
model year are just now heing promulgaced in this rulemaking,
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Table 1-27

i Heavy Outy Diesel Eagines

Discgunted® User Cast per Engine for

L988 and 1991 MNOx

1988 Standard 1991 Skandard Total

SHORT TERM:

RD&T : 5137 332 $59

Hardware $32 $36 £68

Fual $0 to A3A $0 co 348 30 £o 348

TOTAL §69 ra 76S $68 to 416 $137 to 485
LONG TERM:

RD&T $37 32 $69

Hatdware $32 $36 4568

Fuel $ 0 $0 to 174 $0 ko 174

TOTAL 569 £68 to 242 $137 to 311
* At l0 percenr per vyear to the year that standard becomes

affective,
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Additionally, most trap-related technical information submitted
ko EPA by GM has concerned light-duty ctraps. It seems
reasohable to expect, therefore, that only a small portion of
GM's total trap development expenditures should be attrihuted
to the HDDE trap standards. The Agency would also like to
point out that due to the problematic nature of estimating
development expenditures for each manufacturer, EPA'S
projection should be reviewed in terms of an overall average
per manufacturer, with some spending more and others less.
Because of itsg size, it is not unreasonable to eaxpect that M
should fall into the former category. Hence, GM's comment
provides no bhasis for revising EPA's original estimate of
general development costs.

The second comment, which was confidential, identified
another company's expenditures for HDDE trap development Ffrom
1579 through 1984. In this case, the reported values were well
within EPA's estimate for each manufacturer. Therefore, the
original estimate for general system development appears to be
appropriate based on this comment.

The third comment came from International Harvester which
claimed that its mechanical durability testing would require 11
LHDDVs and 12 MHDDVs with each vehicle successfully traveling
100,000 miles and 150,000 miles, respectively. While not
agreeing with the need. for such a large test £fleet, EPA
calculates the cost of such a program at about $2.3 million,
This amount is less than half of the develcopment cost for IH as
derived in the draft analysis., Therefore, the comment provides
no basis for changing EPA's original research and development

estimates.

Another area of comment concerning development costs was
that of vehicle modifications. The draft analysis did not
contain a cost Eor development and tooling expenditures which
might be needed to modify the vehicle assembly to integrate the
trap-oxidizer into the oaverall design, International Harvester
expressed the strongest ceongerns regarding the potential
magnitude of vehicle modifications, In an apparent reference
to tractor-trailer combinations, IH stated that if two traps
are necessary and their size requires that they be mounted
behind the cab, then the location of such things as the sleeper
unit, fuel tank, air tanks, fuel and oil filters, aerodynamic
side shields, etec. may be affected,. This would in turn

"adversely affect hundreds of body builders. General Motars

stated that 1in its evaluation of possible venicle design
changes, there appears to be adequate room within the vehiclo
frame on a MHDDV to mount a Etrap 3ind muffler, although 3 faow
vehicle components may need to be relocatsed on some versti -n.i,
For its HHDVs, GM clalmed rhat if mounted behind the cab, fr.aps
may restrict the wehtcles turning radius which, in turn, =y
reduce tractor-trailer orfferings. General Motcrs also alladind
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that “essentially” no space was available for a trap in it's
urban bus, and that significant redesign of this vehicle would
be regquired. The company claimed that potential changes may
include relocating air conditioner and heater components,
eliminating seating for up to Ffive passengers, or installing
new suspension systems and bulkheads. Cummins generally
commented on the need for vehicle modifications without
identifying specific changes required,

EPA agrees with the commenters ko the extent that vehicle
modifications may be required for certain trucks in order to
accommodate trap oxidizers. The extent of any required vehicle
modifications will obviously be dictated by the type of trap
system ultimately chosen by manufacturers, and upon 1its
specific configuration. Since neither the final trap type nor
specific configurations have yet been identified, the potential
costs associated with required vehicle redesign can not be
quantified to any degree. However, it is possible to discuss
in general terms the types of trucks that are most likely to be
affected and how the negative effects of any redesign might be

minimized. :

As stated by GM, the greatest potential €for vehicle
modifications is assoclated with HHDDVs and wurban buses.
Regarding HHDDVs, and all other diesel trucks for thak matter,

it should be remembered that diesel particulate emissions
averaging will result in a significant number of trucks neot

neeading traps. To the extent that a manufacturer can
anticipate problem installations, such vehicles/engines might
be excluded from having traps. Beyond this, it is reasonable

to expect that many HHDDVs and urban buses will normally

undergo some design changes by the 199] effective date of the
standards, especially in light of the emphasis being placed on

improved aerodynamics hy HDDV manufacturers, For such
vehicles, the incremental cost of incorporating traps in the
design would be minimal. Finally, there are many vehicles for
which creative packaging of the trap system will avoid costly
redesigns, For example, Southwest Research Institute is

currently testing a GM coach engine with a trap configured to
replace the engine's exhaust manifold.(6] Such a design would
require no redesign of the urban bus.

Overall, then, while medifications will likely be needed
on some vehicles, the extend of these changes will in large
part be dictated by the engine manpufacturers choice of trap
system, and the foresight with which it is configured or
packaged to meet the requirements of the vehicle manufacturer
or body builder. Therefore, EPA btelieves that the number of
significant design changes can be minimized, and when averaged
over the fleet their tmpact will be small. Because of this, n9
fixed cost for vehicie modifications will be included in =hne
cost of the requlations.
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In addition to the expense of research and development,
the draft apnalysis 1included the Eixed cost of emission
certification testing, No comments were received on this cost
component, so it is being retained here without change.

In summary, none of the comments supported any changes to
the fixed costs of the draft analysis, They are therefore
being retained unchanged. Nonetheless, it is interesting to
note that even if the comments had provided a basis €for
revising the fixed cost estimates, any corresponding change in
the total cost of the requlations would be very small. As will
become evident later in this analysis, fixed costs are only
about eight percent of the kotal cost.

As shown in Table 3-28, the total fixed cost of the 1991
particulate standards is $49.,5 million, The distribution of
the expenditures over time is the same as originally estimated
in the draft analysis, except each allocation has been delayed
one year to account for the revised effective date of the

standards from 1990 to 1991.

ii. Variable Costs

The draft analysis explored the potential use of two
significantly different types of trap oxidizers for HDDEs: a
non-catalyzed, ceramic monclith system; and a catalyzed
wire-mesh system, As fully described in the Diesel Pacticulate
Study (DPS),[2] which accompanied the draft analysis, both
systems function similarly inm that particulate ‘matter is
filtered from the exhaust and then periodically burned in the
trap to prevent excessive exhaust backpressures which would
degrade engine performance and fuel economy. This latter step
is termed "regeneration” and is significantly different in the
two trap types, depending on the presence or absence of a
catalyst. The ceramic meonolith design assumed in the drafe
analysis used a fuel burner to heat the trapped material to its
ignition poinet, Duripng this process, the engine exhaust f£low
is temporarily routed around the trap, while the burner and
trap are supplied with a controlled air supply to ensure
adequate oxidation of the trapped material withouk excessive
heating. The regeneration system with a catalyzed wire-mesh
trap can be less complex, since the regquisite temperatute
increase of the trap is significantly less. The catalyst rtrap
evaluated in the draft analysis was assumed to achieve the
required moderate heat rise by delayed in-cylinder fuel
injection; thereby, eliminating the need for a fuel burner and

bypass system.

In assessing +«he wvarlable ar hardware cost of the )
systems, the dracf: analysis found thae the wire-mesh s ., i
with 1ts catalyst coating was quite expensive. Hence, -*u»
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Table 3-~28

Total Fixed Costs af the

199 HDDE Particulate Standarcds

Development
$8.0M

20.0M
13.0M
2.0M

$43.0M

Cartification

$l.0M
5.5M
$6.5M

Tokal

$8.0M
20.0M
14 .0M
_1.54

$49.5M
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ceramic monolith trap with a fuel burner regeneration system
was used to estimate the cost of the proposed HDDE particulate
standards., A summary of the hardware costs that were used in

the proposal are shown in Table 3-29.

Commants on the cost of trap~oxidizer systems were
received from six manufacturers, one of which was
confidential. Cost figqures were also provided Dby the
Department of Transportation and the Department of Energy.
Unfortunately, each of the government estimates were supplied
as a composite kotal of the trap-oxidizer standards in
conjunction with either the 1988 non-trap standard or the 1991
HDDE NOx standard and, therefore, could not be analyzed in
detail. Hence, these latter two comments are not discussed
further. The non-~confidential industry estimates are displayed

in Table 3-30.

The manufacturers estimates in Table 3-30 were generally
teported as the cost of a total system. Little, i€ any
information was provided as to the derivation or basis of the
estimates, For example, the manufacturers usually provided no
breakdown of the total system into its wvarious cost
components, Also, the estimates were variously described as
"cost to the consumer"” or “"consumer effect." Therefore, it is
unclear if some of these c¢osts include fixed or operating
costs, or whether they inappropriately reflect the full retail
cost of a trap system, rather than the incremental cost for a
new vehicle. Even if only a 1 percent penalty were included in
some of Lthese estimates, this could add about $350 to the total
cost for an average HDDE when discounted to the year of vehicle

purchase,
Cummins was the only manufacturer shown in Table 3-30 that

ptovided a breakdown of its system cost by hardware component,
As reported by the company, the component costs are as follows:

1. Trap Substrate Material $720-51,080
2. Trap Casing and Ceramic Mounting $250
3. Diesel Burner for Regeneration $400
g, Electric Air Blower for Burner $175
5. Miscellaneous Control Costs $650
Total $2,195-%2,555
Cummins describes the trap substrate, i.e., ceramic
monolith, as being 60-30 liters for a "possible dual trap
option” at $12 per liter, Additionally, the costs ste
described as component cests from suppliers, without in

allowance Efor assendbiy, machining of other ancillary pares, r
fixed manufaccuring costs.
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Cost Catagory

Ceramic Monolith and Housing
Bucner

Fual Delivery System

Fuel Ignition System
Auxiliary Air System
Exhaust Diversion Syscem
Sensorcs

ECU

Total Hardware

L P

LHODE
5207
;

9

26

0

45

12
_a?
$343

MHDDE
$343
14
13
21
30
63
24
a7
$556

HHODE

$402
14
18
21
iQ
1405
24
i7

3652



Source

IH

Ford

Cummins

G

Saab
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Table 3-30
Manufacturers' Trap-Oxidizer Cosc Hstimates
Coat Degcripticn
$1285-2070 MHDDE, aingle trap
4710 HHDDE, single trap
7210 HHDDE, dual trap if required
2200 No comment
2810-3270 HHDDE, possible dual trap option

575-900 LHDDE
2300 MHDDE, single ctrap
4000 HHDDE, dual crap

2500+ No comment
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The confidential comment also provided some breakdown of
cost by component, Due to the confidentiality of the comment,
however, all that can be said is that in contrast to Cummins
estimate, the reported trap cost, {(i.e., substrate and housing)
is substantially less expensive, while the air supply and
burner are somewhat more expensive.

The lack of detail in the cost comments, including
Cummins', makes a rigorous analysis of the estimates
impossible. The only clear conclusion thakt can be reached is
that the cost of a trap-oxidizer system as reflected by the
manufacturers comments is substantially higher than EPA's
estimates Erom the Draft Analysis (Table 3-29). In order to
address this disparity, EPA's only recourse has been to
completely reevaluate its estimates, using the comments where
possible, te better define the wvariable costs of the
regulations, In preparing this reevaluation, EPA has also made
use of an independent contractor to prepare component cost

estimates.

Overview of the Analysis

In reevaluating the variable cost of trap-oxidizers for
HDDEs, EPA will examine the component costs of three separate
systems, The first system uses a ceramic monolith trap in
conjunction with a fuel burner and exhaust bypass for
regeneration. This is very similar to the trap-oxidizer unit
used in the draft analysis to estimate the costs of the
proposal, The second system is the same as the first, in that
a ceramic monolith is used to filter the exhaust, but differs
with regard to the type of heat source used to initiate
regeneration. In this system, electric heating elements are
included in the trap housing and are energized with the
vehicle's electrical system, An .exhaust bypass is also required
with this system. Electrically regenerating the trap can be
advantageous since it eliminates the bulk and safety
considerations associated with the fuel burner approach. The
third system is radically different from the others in both
trap design and method of regeneration, The filter medium in
this trap design is composed of ceramic fibers which are wound
inte a type of fabric. Regenerating the ceramic trap |is
accomplished through the use of a metallic catalyst compound
that is injected into the exhaust at the time regeneration is
desired. Since the catalyst substantially reduces the ignitian
temperature of the trap particulate matecial, no exhaust bypass

system {s required. This system is attractive oprimarily
because its simplicity could result in reduced costs coTpa:e.l
to the other ¢twe systams. Each of rthese systems will ue

further described pelow,
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Most research and testing to date have €Eocused on the
ceramic monolith trap. Of the two regeneration methods
described above, the fuel burner concept has been successfully
used in vehicle tests and its hardware components are well
understood., The electrical regeneration system, on the other
hand, is much less well defined at the present time. The
ceramic fiber trap and catalytic regeneration system is the
most recent enktrant in the trap-oxidizer €field. The trap
concept 1s proprietary to Mercedes~-Benz AG and relatively
little is known about it compared to the ceramic monolith
trap. Due to the present state of knowledge, the cost of a
ceramic monolith/fuel burner system can be estimated with the
greatest degree of certainty. Therefore, as 1in the draft
analysis, this system will be used to derive the variable costs
associated with the 1991 particulate standards. Also,
considering its state of development, this trap-oxidizer design
could bhe the first commercially available system,

The variable costs of the ceramic monolith/electric system
and ceramic fiber/catalyst system are still of interest,
however, since their potential advantages may result in either
or both of these supplanting the ceramic monolith/fuel burner
design. Therefore, these systems are examined here to provide
a measure of sensitivity to the overall cost estimates.

The variable cost of each trap-oxidizer system is found by
determining tha retail price equivalent (RPE) of each component
part, With faw exceptions, the costs were based on work
performed by Mueller Associates under contract te EPA.[7. B8]
The contractor's estimates were based on the manufacturer’'s
cost of each component. To obtain the required RPE of the
various components, EPA adjusted the conkractor's estimates to
reflect the added costs associated with a manufacturer's
overhead and profit, in addition to dealer costs. The mark-up
factor used to derive the RPE of each component was 1.29 (i.e.,
a 29 percent increase). This Eactor has been used in past
rulemaking actions and is derived in Reference 9.

The costs not taken directly from the contractor were
estimated by EPA and will be specifically identified were
applicable in the discussion., The Agency's estimates are based
on previous work by GLindgren,[10] information supplied by
Mueller Associates,[7.,8} the DPS, and on engineering
evaluations of similar automotive components.

Now that the general methedology has been described,
estimates of the wvarious component costs can be presented.
This will be done firs%t for the two trap designs and then for
the three regeneration systems. After the component pacts have
been estimated, the resulting total cost of each system will be

presented,
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Ceramic Moneolith Trap Costs -- The cost of any specific
trap design is dependent on the volumetric requirements of the
filtering medium. ©One of the most important consideraticons in
sizing a trap is to make it large enough to aveid undue exhaust
backpressures, which would degrade engine performance and
adversely affect fuel economy. In general, the requisite trap
volume for a given engine is dependent on the volumetric
exhaust flow during normal operation, The HDDE trap sizes
assumed in the proposal were derived in the DPS. The analysis
was bhased on successful testing of a 5.0 liter trap on a
Mercedes-Benz 300D by Southwest Research Institute for
EPA.[11] Since vwvelumetric exhaust flow £from an engine is
roughly a function of the amount of Ffuel consumed (i.e.,
inverse of fuel economy), HDDE trap sizes were estimated by
increasing the LDDV trap size (i.e., 5.0 liter) by the ratio of
the vehicle's MPG (26 MPG) and the projected average MBG's of
each HDDE size category. The resulting HODDE trap volumes,
which were used to estimate the cost of the proposal, varied
from 8.3 to 18.4 liters depending on HDDE size.

No comments were received on this method of sizing HDDE
traps. The Agency's estimated trap volumes, however, contrast
sharply with cost comment EFrom Cummins indicating the use of a
60-90 liter trap in its caleculaticons.  Unfortunately, Cummins
provided no information describing how it arrived at this
size, In addition, trap test data supplied by GM {(described
further below) are based upon trap volumes somewhat greaker
than estimated by EPA. This disparity has caused EPA to
reevaluate its sizing methodology. .

The major difficulty in attempting to estimate exhaust
flow changes from one vehicle or engine type to another is in
choosing a sizing parameter that accurately reflects the many
variables which ultimately determine the actual exhaust
volume. Sich key variables include air/fuel ratio, wvehicle and
engine speed, engine efficiencies, and how the engine is loaded
in normal operation, i.e., what percentage of the engine's
rated horsepower is typically used. As vehicles become more
disparate ipn size and function, the accuracy of any single
parameter for estimating exhaust volumes will diminish due to
the multitude of variable interactions. This notwithstanding,
EPA continues to believe that fuel consumption i35 a reasonable
surrogate for approximating exhaust flows. It inherently
accounts for many of the changes in vehicle operating regimes
and engine operating parameters among vehicle types.

While fuel consumption appears to be a useful method Iar
estimating exhaust flows, EPA also recognizes that the wide
disparity in operiting regimes of LDDV engines and some HDDES,
especially the heaviestc trucks, could result in this approach
being somewhat inaccurate for such HDDEs. Therefore, at least
for some applications, engine horsepower also may be a useful
sizipng parameter.
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To explore this method, a review of EPA trap-oxidizer test
programs and the information submitted in response to the,
proposal was conducted. This review showed that several
different combinations of trap volume and engine horsepower
have been tested. Two EPA test programs are useful in this
comparison. First, the previously referenced Mercedes-Benz
300D test was conducted with a 5.0 liter ceramic monolith
trap., The rated power of the engine used in this vehicle model
is 118 HP.[l12] Second, EPA has alsoc tested a GM bus engine
with a 20 liter trap.[l13])] This MHDDE has a rated power of 190
HP.[12] While the resulkts were quite variable, overall
essentially no fuel economy penalty was observed with kthis trap
volumesengine size combination. The trap volume (liters) to
horsepower ratios ftrom these tests are about 0.04 for the
“EPA-LDDV* and about 0.10 for the "EPA-MHDDE."

The comments contained test data for two additional
engines. The first engine has a rating of 205 HP,[l2] and was
tested by GM with trap sizes ranging from 20-25 liters. The
information submitted by GM for some of these tests shows what
appears Lo be quite reasonable pressure drops across the trap
during actual over-the-road vehicle testing. Hence, this trap
volume/engine combination may represent an acceptable trap
volume to horsepower ratic from the standpoint of minimizing
any potential fuel economy penalty. The average trap volume to
horsepower ratio for the "GM-MHDDE" is 0,11, The comments also
contain confidential test results on a LHDDE vehicle. Due to
the confidential nature of the comment, however, all that can
be stated is that the trap volume to horsepower ratio for this
test was somewhat less than the EPA-MHDDE Factor. The Cummins
comment regarding trap volumes is not used here since the basis
of the estimate was not reported.

Table 3-31 presents a summary of the average trap volumes
that result from applying the various factors discussed above
(i.e., both MPG and horsepower based) to the average fuel
economy and horsepower ratings Ffor the wvarious HDDEs. Note
that the MPG values shown in the table have been updated from
those in the DPS, as discussed in the section on the 1991 HDDE
NOx standard, This has resulted in revised HDDE trap veolumes
using the fuel consumption sizing method,

From the table, it is readily apparent that the various
approaches result in a wide range of estimates, The lowest
values are consistently estimated by the EPA-LDDV horsepower
approach. This 1s not surprising given that a trap would
likely be sized or optimized for the most typical type £
operation. The power requirements of a LDDVY under normal
operation is usually less than that for a diesel cruck wnern
expressed as a percenrage of the engine's racted horsepower.
For LHDDEs the difference may be rather small, but rhe
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Tabla 3~31
Sumary of HDDE Trap Volume Batinaces
Fuel and Horsepower Based Volumes
Average EPA Fuel EPA EPA =21

Average Eatimazed Ecooncmy Lo MHDCE MHDCE
MPg HP Factor HP Factor  HP Factor — HP Facror

15,1 130 a.6L 5.2L 13.0L 14.4L

8.0 200 13.3L 7.4L 18.5L 20.4L

5.9 50 22.0L 14.0L 35.0L 38.5L
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disparity becomes progressively graeater as the HDDE size is
increased., As a result, the EPA-LDDV horsepower factor would
progressively underestimate HDDE trap volume requires as the
HDDE size of the vehicle increased.

At this poink, some judgment must be used in cenjunction
with the remaining €fuel economy based and horsepower based
values shown in Table 3-31 ko identify reasonable HDDE trap
volumes, An extremely important consideration in this decision
is the tradeoff between trap volume and effects on fuel
aconomy., In this respect, it can generally be concluded that
the cost of a somewhat larger trap is much less than the cost
of adversely affecting €fuel economy by using a trap that is too
small. Hence, it is EPA's intent to be conservative, (i.e., to
err toward larger volumes) in estimating trap volume

requirements,

Most LHDDEs are loaded and driven much like LDDVs. This
argues strongly in favor of using the fuel economy based
estimate, since this method should be gquite accurate in this
case, To be conservative, however, the trap .size for this
category will be estimated by averaging the EPA LDDV fuel
economy based volume with the wvarious horsepower based
volumes, The result is an estimated volume of 11 liters for
LHDDES. Considering that the operating regimes of MHDDEs and
HHDDEs become increasingly dissimilar te LDDVs and LHDDEs as
truck size grows, and that the EPA and GM horsepower factors
are based on tests that should not result in undue fuel econcmy
penalties, the GM-MHDDE horsepower factor will be used to
estimate trap volumes for these vehicles, The resulting
estimates are 2! liters for MHDDE and 39 liters for HHDDEs.

Another important detail which must be dealt with before
the trap costs can be estimated is the number of traps that may
be required by the variously sized HDDEs. The DPS assumed the
number of traps for each HDDE size as follows: one for LHDDEs,
two for MHDDEs, and two for HHDDEs. No comments were received
regarding the number 0f traps for LHDDEs. The comments from [H
and GM indicate one trap will be sufficient for MHDDEs (Table
3-30). GM provided an illustration of this concept that showed
two ceramic monoliths arranged in series to provide the

necessary volume.

The comments tfor HHDDEs are indecisive with regard to the
number of traps per vehicle (Table 3-30). The Cummins and [H
comments suggest single kraps are possible. Also the Cummins
comment regarding the possible dual trap requirement would sewe
to be invalidated qiven that the trap volume requireren®
estimated above are significantly less than assumed in :*
description. GM's comment was provided in the context ot
12,1 liter, 435 HP engine. This engine is significantly larcies

Y el sl e
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than most of the engines in this HDDE size category. it is
possible such a large engine might regquire two traps. However,
even in this situation, placing trap monoliths in series to
attain the required volume 1is possible, although some increase
in backpressure would result, Based on the comments and the
cequisite trap volumes, EPA believes that for most if not all
HDDEs, a single trap is sufficient if not preferable for system

simplicity.

The ceramic meonolith trap has several components. These
components include the monolith itself, a ceramic mat and a
trap Hhousing. Each component and 1its associated cost is

discussed below.

The ceramic monolith material is constructed as a matrix
of alternatively opened and closed cells. Particulate material
is collected as the exhaust flows through the porous wall of
one channel into the next. The monoliths used for HDDEs are
assumed to be approximately 12 inches in diameter, although
smaller sizes can also be made, The cost is estimated at about
$6 per liter, based on information from Corning, one of the
largest ceramic monolith manufacturers.{B] This can be
contrasted with the $12 per liter cited by Cummins in its
comment, which was unreferenced, Using the former value, the
estimated price of the ceramic monolith material for the
various HDDEs is: 66 for LHDDEs, $126 for MHDDEs, and 3234

for HHDDEs.

The c¢eramic mat holds the monolith securely within the
housing. It also functions as a shock absorber and provides
thermal insulation. This item is estimated at $3, $6, and §$12
for LHDDEs, MHDDEs, and HHDDEs, respectively.[8)

The trap housing encloses the ceramic monolith and ceramic
mat. It includes baffles, flanges, and pipe connectors (used
to connect the trap to the exhaust system and Efuel burner or
bypass wvalve), in addition to fittings for mounting sensors.
The estimated cost is $31 for LHDDEs, $40 for MHMDDEs, and $4§

Eor HHDDEs.([8]

Table 3-32 presents the total estimated cost of a cercamic
monolith trap f£or each of the HDDE size categories.

Ceramic Fiber fTrap Costs -- Other than the basic
construction of this trap design, little specific information
is available. In general, perforated stainless steel cylinders
are wound with silica fibers until the desired filter "fabric®
has been created, Several such tubes are then arranged in
parallel inside the stainless steel housing s0 rthat the exhaust
must pass through the fabric and inte the stainless cylinder
before exiting the trap. To estimate the c¢ost of this trap
design, the volumetric requirements that were developed for rhe
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Table 3-32

Estimated HDDE Trap Costs

Trap Design LHCDE MHDDE
Caramic Monolith $101 §172
73 108

Ceramic Fiber

HHDDE

$292
140
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ceramic monolith are assumed ko apply. The cost for the entire
ceramic trap is estimated at $73 for LHDDE, $106 for MHDDE, and
$140 for HHDDE.[7) These costs are also shown in Table 3-32.

Fuel Burner Regeneration System Costs -- A typical system
of this type has several primary components: a burner can, a
fuel delivery system, an ignition system, an auxiliary air
supply system, an exhaust diversion system, and an electronic
control system. An additional c¢omponent required by the
trap-oxidizer which is actually neither part of the trap nor
regeneration system is the exhaust pipe. The cost of this
camponent and the others are discussed below.

The burner can is located just upstream of the trap. The
can is designed to contain the flame and distribute the heat
cutput (e.g., about 104,000 Btushour) evenly across the face of

the trap. Additionally, the unit provides a location for
mounting the fuel injection nozzle, ignition plug and flame
sensor, and auxiliary air injection nozzle. Due ko the

operating environment and required long life, the burner can is
lartgely made of high grade stainless steel, The basic cost of
this component is relatively insensitive to variations in heat
ocutput requirements. Therefore, the estimated cost of $21 is
used For all HDDEs.[7]

The fuel delivery system is composed of a fuel injector,
control solenoid, fuel. line, and fuel line connectors. This
system is used in conjunction with the vehicle's existing fuel
injection system, The use of an electric solenoid provides
precise control of the regeneration rate, and provides
effective overtemperature protection. The £uel Injector and
solenoid is estimated at $l4 for all HDDEs.{7] The fuel line
and connectors are estimated by EPA to cost about $2 per

vehicle.

The ignition system provides spark ignition and flame
cantrol. The components include an electrode, an inverter, and
a step-up voltage transformer for generating a high-voltage
discharge. Also, the system includes a flame sensor and sensor
raelay as a safety consideration Ffor cutting of€f Ffuel ¢to the
burner if combustion fatils. Mueller Associates estimated the
cost of a continuous spark system.[8] The Agency finds that a
somewhat smaller system providing a periodic spark, when used
with the flame sensor, is fully satisfactory. AsS a result, EPA
estimates the system to be approximately 20 percent less than
the contractor's estimate, or $35 for all HDDEs.

The auxiliacy air system supplies a controlled amount ¢
air to the burner and trap during regeneration. Its components
include an air pump, a control valve operated by an electrige
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solenoid, and an air delivery line with connectors. The air
pump is driven by the vehicle engine and is a larger, more
durable version of those already used on light truecks and
heavy-duty vehicles, It is equipped with a check valve to
prevent eghaust backflow into the air pump. Since air is only
required during regeneration, the air pump is assumed to he
equipped with an electric clutch so that it can be disengaged
from the engine in order to save fuel, The Agency estimates
the cost of the air pump and electric clutch to be about $45
and the associated air delivery tubing with ceonnectors at about
$5 for all HDDEs., The control valve and electric solenoid for
this system are estimated at $14 per vehicle.[7]

The exhaust diversicon system consists primarily of a
bypass valve and a solenoid «controlled actuator  that
temporarily reroutes the exhaust around the trap during
regeneration, The bypass valve is a butterfly type constructed
of stainless steel, located just upstream cf the combustor, In
estimating the price of this unit, the cost of a stainless
steel exhaust pipe has been included. This' pipe will replace
the standard steel exhaust pipe that normally extends £from the
engine manifold, or turbocharger, to the muffler. in the DPS,
the cost of the stainless steel pipe included a credit for the
standard steel pipe which it replaced. In this analysis, the
standard steel pipe is assumed to be roughly equivalent to that
required to bypass the trap. Therefore, the full cost of a
stainless steel exhaust pipe is included in the cost of the
bypass valve. This component is estimated at $49 for LHDDEs,
$52 Ffor MHDDEs, and $58 for HHDDEs.[B] The electric
solencid/actuator is estimated to cost $15 for all HDDEs.[8]

To initiate and control regeneration, several differant
sensors, an electronic control unit, and wiring harness will be
required. A backpressure sensor will detect the need for
regeneration and is estimated to cost $17 per HDDE.[7] A trap
temperature sensot estimated to cost $5, and will bhe used to
protect the trap from excessive heat.[8] A sensor will also be
used to ensure the engine has reached the proper temperature
before regeneration is initiated, This sensor was estimated to
cost about $1 in the DPS,

Regarding the electronic contrel unit, manufacturers are
expected to equip essentially all HDDEs with such units by the

1990s, irrespective of emission standacds. For this reason,
the electronic capability required for trap regeneration will
be added to the existing unit. This incremental cost is

estimated at abour 3534 per HDDE. (8] The wiring harness to
connect the sensors r> “he electronic control unit is estimated
to cost $14 for LHDCEs and $18 for MHDDEs and HDDEs.[8]
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Based on the above discussion, the total cost of the fuel
burner regeneration system is estimated to be $269 for LHDDES,
$276 for MHDDES, and $282 for HHDDEs. The variocus component
costs are summarized in Table 3-33.

Electric Regeneration System Costs -- This type of
regeneration system uses many of the same component parts that
are required by the fuel burner regeneration system. These
inelude an auxiliacy air supply system, exhaust diversion
system, and electronic control system, The exception is, of
course, the replacement of the fuel burner with an electrical
heating system. The costs for each of these systems will he
estimated below, with the discussion focusing on the components
that are different €from those described for the fuel burner

system.

The auxiliary air supply uses an air pump and electria
clutch, as required by the Euel burner system, except that the
pump is somewhat smaller in size bhecause air is provided only
to the trap., The Agency estimates this to cost about $40 pet
HDDE. The control valve and solenoid is retained at $14, as is
the air delivery line and connectors at $2 per vehicle,

The exhaust diversion and electronic control systems
remain unchanged from those used in cenjunction with the fuel
burner. The exhaust diversion system was estimated at $64 for
LHDDEs, $67 for MHDDEs, and $73 for HHDDEs, The electronic
control system was estimated at $71 for LHDDEs and $75 for the
other HDDE size categories. i

The cost of the electrical heating system is difficult to
estimate because the specific requirements of the system are
yet to be well defined. The Agency envisions a rather modest
system that depends on the wvehicle's existing electrical

system, In this concept, the additional electrical power
required Eor rcegeneration is provided by using the existing
batteries in conjunction with a larger alternator. The

electric current from the battery is conducted by cable ko the
electric resistance heating elements which are mounted in the
trap housing. The cable i3 equipped with a fusable link to
protect the batteries and charging equipment in the event of a
short «circuit. The power supply to the electric heating
element is controlled by the electronic control unit through
the use of an electromechanical relay. Based on alternatct
costs supplied by Mueller Associates, EPA estimates the
incremental cost of the requisite alternator to be about $47
for LHDDEsS, 556 for MHDDEs, and §67 f£or HHDDEs, The cable with
a fusable link i35 cstimated ko cost $7, while the relsy
estimated at $1l0 per <vehicle. The elegtrical heating ele! o v
with mouncing hacdware are estimaced to cost $ld for LHDLE: 0

$18 for the other HDDRE size categories.



Table 3-33

HDDE Costs for Trap Reqeneration System

fuel Burnec Electrical Catalyst

Cogt Category 1HDDE MiDOE HHDOE LIPDE MIDOR HDDE [HODE MIDIE HIDOE
Burter Can $21 21 21 - - - - - -
Fuel Delivery System 14 14 14 - - - - - -
Fuel Ignition System 35 35 35 - - - - - -
Auxiliary Air Systen 64 64 64 $56 $56 $56 - - -
Exhaust Diversion Systen 64 07 73 61 &7 73 - - -
Electronic Control System n 75 75 1 75 75 §59 462 $62
bleckrical System - - - 78 B9 102 - - -
Catalyst Dispensor System - - - - - - 53 53 53
Catalyst - - - - - - 5 9 18

- - - - - - 33 42 71

Catalyst System Exhaust Mods
‘otal $269 $276 $202 $269 $287 §306 $150 §l66 $204

8.-¢
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EPA's estimated electrical heating system costs range E£rom
$78-$102, depending on HDDE size. The Agency believes these
costs are representative of the type of electrical systems that
are commercially wviable in the 1990s. However, due to the
current lack of information regarding specific designs, these
cost estimates are subject to a significant degqree of
uncertainty. In discussions with various suppliers of
electrical heating equipment, Mueller Associates identified
sevaral important uncertainties that could significantly affect
the cost of the electrical system. These include the size and
power - requirements of the heating elements, ensuring adequate
battery capacity for engine starting, and preventicon of trap
thermal stress due to uneven heating during regeneration. In
response, Mueller Asscciates has estimated the potential cost
of sophisticated electrical systems that address each of the
potential areas of concern as suggested Dby its industry
contacts. Such electrical systems could cost nearly Eour times
more than that estimated by EPA., The Agency believes that such
sophisticated systems will be Ffound to be unnecessary as mare
information becomes available. Hence, only EPA's estimate will

be used in this analysis.

As summarized in Table 3-33, electric regeneration systems
are estimated to cost about $269, $287, and $306 for LHDDEs,
MHDDEs, and HHDDEs, respectively, :

Catalytic Regeneration System CosSts -~ Unlike the other
regenaration systems, which are at least conceptually well
known, the catalyst and the technique which will be used to
introduce it into the trap remains a matter of some
conjecture, The approach assumed in this analysis invalves
anboard vehicle storage of a metallic compound in dry powder
form. Fram time to time, a metered amount of catalyst is
fluidized by compressed air fcom the vehicle's turbocharger and
then injected into the exhaust stream just ahead of the trap to
initiate combustion. This type of regeneration system |s
potentially the simplest with regard to the required hardware.
The primary components consist of the catalyst, the catalyst
dispensor system, and the electronic control system. As
discussed in conjunction with the other regeneration systems,
the requisite stainless steel exhaust pipe is treated as a part
of the catalyst regeneration system.

The metallic catalyst is assumed to be copper in the form
of powdered copper chloride (CuCl). The amount of catalyst
required for new HDDEsS is estimated to be about 2.3 pounds for
LHCDEs, 4.0 pcunds Zor MHDDEs, and 8.5 pounds for HHDDEs, This
is based on the allzwable maintenance intervals for each HIOUCE,
the estimated Zu=2l oconomies Jor thase vehicles as described
previously, and an assuymed caralyst requirement equivalenn &
0.1 gs/galion of diesel fuel.[ld4] Combining this with an
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estimated cost of $l.46/pound of CuCl,[(8)] the catalyst costs
are estimacted to be $5, $9, and $18 for LHDDEs, MHDDEs, and

HHDDEs, respectively.

The catalyst dispenser system has several parts. A one
gallon polyethylene bottle is used to hold the required powered
catalyst., This is estimated to cost about $1 per vehicle.[7]
The reservoir will be attached to a metering device with an
integral agitator extending into the reservoir to break up
lumps of catalytic material. This device is estimated to cost
about $30 for each HDDE. (7] The metering device uses a small
electric motor with an estimated cost of %12 per wvehicle.([7]
After being metered, the catalyst is Ffluidized and sprayed or
injected into the exhaust wusing high pressure air, The
£luidizer/injector unit inecludes the required fittings
necessary to mate it to the metering device and air supply.
The estimated cost is $7 per HDDE.[7]

The €£final components of this system are the hoses for
transmitting the compressed air and fluidized catalyst. The
Agancy estimates the cost of these items at about $3 per

vehicle.

The electronic control system requires four sensors,
Three of these are the same as used by the other. types of
regeneration syskems: trap temperature {($5), engine
temperature ($1), and exhaust backpressure ($17). An engine
speed sensor is also used and has an estimated cost of about &5
per HDDE.[8] The electronic control unit requirements are
again incremental to the existing capability, although the cost
is somewhat less than for the other regeneration systems
because: the catalyst system is less complex. The incremental
electronic control unit cost is estimated by EPA to be about
$22 for all HDDEs, The wiring harness will also be less
costly, This item is estimated by EPA at about $9 for LHDDEs
and $12 for MHDDE and HHDDEs,

The standard steel exhaust pipe will be replaced with a
stainless steel counterpart as with the other regeneration
systems., However, the catalyst regeneration system should no=x
require that the exhaust bypass the trap during the
regeneration process, Therefore, the cost of the stainless
steel pipe should include a credit for the deleted standarcd
steel pipe. The incremental exhaust pipe cost for each HDDE
size category is taken from the corresponding estimate used in
the proposal, with one revision. As described in the DPS, the
incremental exhaust pipe cost was based on the assumpticn tha<
about 25 percent of the MHDDEs and HHDDEs would have dusl
exhausts. This assumprisn has been revised because essenktial.y
all MHDDEs and HHDREs are expected rto be equipped witn
turbochargers in the 1590's and, rherefore, will Llikely nave
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cenly one exhaust pipe, Making this revision, the estimated
incremental cost of the stainless steel exhaust pipe is $33 for
LHDDEsS, $42 for MHDDEs, and %71 for HHDDEs.

As summarized in Table 3-33, catalyst regeneration systems
ara estimated to cost $150 for LHDDEs, &$l66 for MHDDEs, and

$204 for HHDDEs.

Total Trap-Oxidizer Variable Costs -- Table 3-34 presents
a summary of the three trap system costs, As shown, the
ceramic monolith trap with a fuel burner regeneration system
has an estimated cost of about $370 per LHDDE, $448 for MHDDE,
and $574 per HHDRDE. The ceramic monolith trap with an electric
tegeneration system has the potential of costing about the same
as the ceramic monolith/fuel burner system. The ceramic fiber
trap with a catalyst regeneration system could prove to be the
least expensive trap-oxidizer with estimated costs of $223,
$272, and $344 for LHDDEs, MHDDEs, and HHDDEs, respectively.
As stated previocusly, the ceramie monolith/fuel burner
trap-~oxidizer will be used to determine the costs of the
particulate standard, due to the greater uncertainty associated

with the other designs.

Now that the variable costs for each HDDE size cakegory
have' been determined, the average hardware cost for each trap
equipped non-bus HCODE and urban bus, as. well as that for the

fleet-average vehicle can be calculated. This is done by
combining information on sales and trap usage with the system
caost for the appropriake HDDE class or classes. The

methodology for deriving the various average costs is described
below. This methedology will bhe wused in this section €for
variahle costs and in subsequent sections as required.

Identifying the variable cost £for a trap-equipped urhan
bus is the most straight forward. Due ko their horsepower
ratings, all urban bus engines generally can be classified as
MHDDEs. In addition, all urban bus engines will require a trap
oxidizer to achieve the 0.1 standard. Therefore, the variable
cost for the average urban bus is simply the value identified
for MHDDES, or $448 (Table 3-34).

The average cost for a non-bus HDDE with a trap oxidizer
is found by sales weighting the system cost for each size
category. As described elsewhere, total HDDE sales are
composed of 35 percent LHDDEs, 29 percent MHDDEs, and 36
percent HHDDEs, However, bus sales must be removed from this
distribution to find “he percentage of sales in each category
for non-bus HDDEs o~nly, Urban bus sales are quite volakiles
from year to vyear, but would generally not exceed about 2
percent of total HDDE sales. Using this percentage and the
fact that all urban bus engines are MHDDEs, the non-bus HDDE
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Table 1-34
HDOE Costs for Tra idizer tama
Caramic Menolizh/ Caranic “Aonolich/

Siza Fuel Burner flectrical Ceramic Fiber/Cavalyst
Cacemory Trap System Toral Trap Syncen Total Trap Syatem Toral
LHDCE 101 269 370 10 269 kyls] 13 150 223
MHLLE 172 276 448 172 287 459 106 166 272
712w 292 282 574 292 306 508 140 204 344
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sales account for 98 percent of the total and are distributed
as Follows: 36 percent for LHDDEs, 27 percent MHDDEs, and 37
percent HHDDEs, Therefore, sales weighting the various system
coskts with this distribution results in a variable cost for the
average affected non-bus HDDE of $487.

The per vehicle cost when averaged over the entire fleet
is the sum of the sales-weighted cost for an urban bus and the
sales-weighted cost €for the average non-bus HDDE (i.e., hoth
trapped and untrapped). The urban bus component is simply 2
percent of the cost figure for a MHDDE, The non-bus component
is 98 percent of the average non-bus cost. This average 1is
determined by combining the various HDDE category costs with
the non-bus sales distribution and the percentage of the
non-bus fleet that is trap equipped. Expressed generically in
egquation £form, the non-bus component of Ethe Eleet-average

vehicle cost is;

Non-Bus Pottion of Fleet-Average Cost =

.{.98) X [$ per LHDDE x LHDDE Fraction) + (% per MHDDE x MHDDE

Fraction) + {(§ per HHDDE x HHDDE Fraction)] x (Trap Fraction)

The last term in this equation adds some complexity to the
calculation since the number of traps required for non-bus
HDDEs is projected to change Erom about 70 percent in 1991, to
about 60 percent in 1994 if the 0.25 were retained in that
year., For ease of presentation, the non-bus cost component ofF
the fleet-average vehicle will be evaluated as a short term
value representing 70 percent traps and a long term value
representing 60 percent traps, When these non-bus components
are combined with the urban bus. component, the result is the
cost of a fEleet-average vehicle in the short-term (l1991) and
the long-term {1994). The fleet-average cost for intervening
years can be linearly interpolated. Using this methodoleogy.
the variable cost of the 1991 standards when averaged over the
entire HDDE fleet is $329 in the shert term and $284 in the

long term.

iv, Total Manufacturers Cost of the 1981 Particulate
Standards

The total undiscounted and discounted costs to
manufacturers are shown in Table 3-35. The fixed costs are
reproduced from Table 3-28. The wvariable costs are the
products of the hardware cost per £fleet-average vehicle and
HDDE sales as shown in Table 3-10. The total undiseccounted cas=
is- $420.9 million, while the discounted cost is $402,6 millian.
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Table 3-3%

Cost

for the 1991 Particulate Standards

Yoar RE&T
1987 $8.M
1988 20.1
1989 4.
1930 7.M
1991 -
1992 -
1993 -

* Piscounted at LO percent 10

Undiscounted Discounced*

Variable Cost Toral Tocal

- 8. LM
- 20.M 26.M
- 4. 6. M
- TeM 8.2
$l26.04 L26.0M 126,04
125.M 125.594 114, M
Lo, 119,94 99, 1M
$420. 5 $403.87

L991.



3-85

b. Costs to Users for HDDEs Complying with kthe 1991
Particulate Standards,

i.  First Cost

The amount that manufacturers must increase the price of
each HDDE depends principally on the variable cost per vehicle,
the number of wvehicles over which the Efixed costs will be
apportioned, and on the cost of capital to the manufacturer.
For the 1991 standards, it is assumed that manufacturers will
generally recover their fixed costs prior to the effective date
of the more stringent 1994 HDDE particulate standard. It is
further assumed that the cost of capital is 10 percent. Hence,
the first cost increase for a vehicle is the sum of a portion
of the discounted ¢fixed cost and the hardware cost, as

described eartier.

In the short term the purchase price increment for
trap-equipped non-bus HDDE is estimated at $457 for LHDDEs,
$535 for MHDDEs, and $66) Eor HHDRPEs., This averages $553 for a
trap-equipped naon-bus HDDE. The first price for an urban bus
is $535. Expressed on a fleet-average basis, the cost would be
about $3940. In the long term, assuming a manufacturer
continues to charge the same per vehicle for its fized cost
recovery, the fleet-average vehicle would cost an additional

$336.

ii. Fuel Economy

In the draft economic impact analysis, non-bus HDDEs with
traps were estimated to incur a 1 to 2 percent fuel penalty,
Urban buses were assumed to incur a 2 percent penalty. AS
discussed in the Technical Feasibility Chapter, EPA'S estimates
generally fell within the range of fuel penalties that were
presented in the few comments on this issue, Also as*discussed
in that chapter, the trap volumes in this final analysis have
been significantly enlarged from those assumed in the

proposal, As a result,. the upper range of EPA's previuous
estimate has been revised downward from a 2 percent penalty to
a 1.5 percent penalty. Therefore, the new range for non-bus

HDDEs equipped with traps is 1.0-1.5 percent, while the new
point estimate for urban buses is 1,5 percent,

Several important methodolegical changes have been made in
calculating the fuel economy impact for each affected vehicle.
For non=-bus HDDEsS, the estimated MPG values for each HDDE size
category has been revised to reflect updated estimates. This
was fully described in the previous discussion of the 1§91 HDDF
NOx standard where rhe discounred lifetime cost of a 1 parcent
penalty for each size category wag shown to be the fotlowing:
$54 LHDHEs, $259 “HDDES, and $705 HHDDESs. ilziny
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this information, the 1.0-1.5 percent penalty represents a
discounted lifetime cost of $350-$525 for the average non-bus

HDDE equipped with a trap.

For urban buses, three key assumptions have been revised
trom the values used in the draft analysis. A recent EPA
analysis shows the average annual bus mileage is about 45,000
miles rather than 50,000 miles, and that the average lifetime
is closer to 12 years than 10 years,[3] These two changes are
included in this updated analysis. The third change affects
fuel costs for buses. The draft analysis utilized the szame
cost per gallon of diesel fuel for both non-bus and bus HDDEs,
i.e., #$1.20/g9allon. Diesel fuel for urban buses is actually
significantly less costly than that Efor non-bus HDDEs due to
volume discounts and lower taxes. A comment from the
Department of Transportation supportéd the use of a
$1.00/gallon cost for urban buses, This value has been adopted
for use in this analysis. Based on these revised values, the
estimated 1.5 percent fuel penalty results in. a discounted
lifetime fuel cost of $1070 for each urban bus, Expressed on a
fleetwide basis, the average HDDE will incur a short-term fuel
economy penalty of about $261-$381 and a long-term penalty of

about $227-$330.

It should be noted that the above fuel economy penalties
waere estimated for trap-oxidizer systems using ceramic monolith
substrates and fuel burners for regeneration. If these same
traps were used with an electrical regeneration, the penalty
would Llikely be about the same, due to the energy required by
the alternator. Howevar, if the ceramic fiber trap is used in
the future, the fuel economy penalty would he somewhat Lless.
The use of a catalyst to lower the ignition temperature of the
collected particulate would aveid the use of energy intensive
heating systems, since the traps would be self regenerating,
In this case, the fuel economy penalty would be lowered by an
amount that is basically equivalent to the energy used to
regenerate the other two Lrap systems. EPA estimates this is
equivalent to about a 0,5 percent Efuel economy penalty.
Therefore, the use of a ceramic Eiber trap might result in only
a 0.5-1.0 percent penalty rather than the 1.0-1.5 percent’
penalty used in this analysis.

iii. Maintenance

The draft analysis identified two maintenance items for
trap-~equipped HDDEs: the regeneration system and the exhaust
system. The regeneraticn system was Jassumed to require
maintenance after gproximately five years of operation. Ar
that point, the engine temperature and trap temperature sSensor
would need replacement., For the exhaust system, the customary
replacement of tha stcandard steel exhaust pipe was expected ro
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be eliminated, because this component would be displaced by a
stainless steel exhaust pipe as part of the trap-oxidizer
system. Sensor maintenance when discounted to the year of
vehicle purchase was estimated to range from $22 for LHDDEs
with one trap to $44 for HHDDEs with two traps. A net savings
was projected due to eliminating the need for exhaust pipe
replacement. This discounted savings was estimated at $39 for
LHDDEs, ranging up to $97 for HHDDEs.

Four general comments were received f£from metropelitan
transit authorities and the Department of Transportation
suggesting that maintenance costs would increase due to the
combined NOx and particulate standards. Since the maintenance
savings that were projected for trap-based particulate
standards overwhelm the small cost associated with the NOx
standards, these comments would appear to be directed primarily
at the former standards. The MNew Jersey Bus Operations, Inc.,
specifically claimed that EPA's regulations will require the
use of electronic «control units, resulting in substantial
expenditures for training, and the need for a more
sophisticated and expensive labor force. In another specific
comment, the Department of Energy estimated that the
particulate standards could save up to $402 for a HDDE in
Classes I[IB-VI! and up to $519% for a HDDE in Classes VII-VIII
{undiscounted). Finally, a few manufacturers indicated in
their technical feas Hility comments that a trap may
potentially require some type of maintenance during the
vehicie's lifetime due to such things as the accumulation of
ash or catalytic material.

In response to the concern expressed regarding the forced
use of electronie control units on urban bus engines,
electronics are projected to be widely used on all types of
HDDEs in the future regardless of emission control
requirements, Hence, costs associated with purported changes
in the labor Fforce cannot he charged against the emission
standards. Concerning DOE's savings astimate and the general
comments that maintenance costs will rise, EPA will address
these comments by reevaluating the likely effect on mainterance
in the context of kthe revised trap system design as described
in the section on variable costs (i.e., ceramic monolith/fuel
burner regeneration system).

The assumption in the draft analysis regarding sensor
replacement was not adversely commented upon, and 1is being
generally retained with a few revisions., The most significant
c¢hanges are the use cof new component cosks and a revisi .o i
the assumed numkter of replacements for each HDDE
category. The estimated recail cost of each engine tempe: .
sensor. is $9 and weach ctrap temperature is $20,[8]) e
replacement of both sensors is estimated ko take one hour
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$28 per hour. To be consistent with the revised trap
configuration, all HDDEs are assumed to have a single trap andg,
therefore, only one trap temperature sensor is required per
affected vehicle, To account for the significantly different
lifaetime mileages of the varicus HDDE classes, the number of
teplacements over a vehicles life has been revised to one for
LHDDEs, Lwo Efor MHDDEs, and three for HHDDEs. Using these
values and discounting the costs ak 10 percent over the life of
the wvehicle, the approximate cost is $35 for LHDDEs, $57 for

MHHDEs, and $71 £or HHDDEs,

A review of EPA's previously estimated savings for exhaust
pipes has resulted in this category being eliminated to be
consistent with the revised ceramic monolith system design.
Again referring to the description contained in the variable
cost section, when the standard steel exhaust pipe is replaced
by its stainless steel counterpart (i.e., Erom the manifold to
the bypass valve), the displaced standard pipe is assumed to be
toughly equivalent to that required by the bypass system (i.e.,
from the bypass to the muffler). For the purposes of this
analysis, it is assumed that the replacement schedule of this
standard pipe will be roughly equivalent regardless of
location. Hence, no incremental maintenance is estimated for

the exhaust system,

Reqgarding the possibility that traps could require some
type of maintenance, estimating any cost in this area 1is
especially difficult due to the current limited information on
traps themselves. Nonetheless, to cover the potential costs of
such a contingency, EPA will assume that trap maintenance will
cost about #£50 per event and that frequency of this maintenance
will parallel sensor maintenance, Therefore, when discounted
at 10 percent to the year of purchase, the cost is $21 for
LHDDEs, %50 for MHDDEs, and $62 for HHDDEs.

Total maintenance costs for the average non-bus HDDE with
traps is $102, while the cost for an urban bus is $107. On a
tleetwide basis, the cost per HDDE in the short-term is $72 and
declines in the long term to $62.

As in the fuel! economy discussion, it 1s appropriate to
examine the potential maintenance costs associated with the two
other trap-oxidizer systems. The ceramic monolith/electrical
reqeneration system would have the same maintenance
requirements and costs as the fuel burner, since the same trap
substrate and sensors are used in both systems. If the ceramic
fiber trap-oxidizer is used in the future, the maintenance
requirements would he scmewhat different, In addition tc the
costs associated with sensor and potential trap maintenance,
catalytic material used in this syscem may need replacerenc
during the vehicle's lifetime. OQfisetting these c¢osts would be
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a credit resulting Erom the use of the stainless steel exhaust
pipe, which eliminates the need for periodically replacing the
standard skteel pipe. The discounted catalyst ceplacement
costs, as estimated using the basic methodology presented in
the variable cost section, are $14 for LHDDEs, #$25 for MHDDEs,
and $86 for HHDDEs., The discounted exhaust pipe credits, as
estimated using the appropriate schedule €for HDDV standard
steel pipe replacements described in the DPS are $41 for
LHDDEs, $51 €for MHDDEs, and $81 for HHDDEs. Combining these
values with those previously estimated for sensor and trap
maintenance resunlts in discounted ceramic trap maintenance
costs ranging from 3$39 to $128 depending on HDDE size. For
LHDDEs this is significantly less than the costs estimated for
the ceramic monolith/fuel hurner system, while for the largest
HDDEs it is about the same.

iv. Total User Costs

The tetal cost to the purchaser of an HDDE is composed of
the first price increase and the lifetime discounted costs for
a fuel economy and maintenance, The cost  for each
trap-equipped non-bus HDDE is $577-604 for all LHDDEs,
$901-1,030 for a MHDDE, and $1,499-1,852 Eor a HHDDE, Fer the
average non-hus HDDE with a trap the total cost is
$1,050~1,180. For an urban bus it is $1;712. Expressed as an
average over the entire fleet, the total user cost in the short
term is $723-842 and will decline to about $625-728 in the long
term. The fleetwide cost per vehicle 1is summarized in Table

3-36.

6. Total HDDE Manufacturer and User Costs for the 1391
NOx and Particulate Standarcds

The total cost to HDDE manufacturers of the 1991 standards
is the sum of the fixed and variable costs of Lthe NOx and
particulate emission control. These costs are passed on ta the
users of HDDVs as first cost increases, and are added ¢to
aoperating costs for total user cost of the standards. These
values were developed above, and are presented [n Tables 3-37

and 3-38.

The discounted manufacturer cost is about $476 million,
while the average increase in lifetime user cost for a 1991
model year HDDV is $803-1,17l, tapering off to $700-977 for a
1993 model year HDDV.

7. 1994 Diesel Particulate Standard (0.10 g/BHP-hr
HDDEs)

In this secticn, the economic effects of the (i«

particulate standard for HDDEs are analyzed, The costs ire

examined- as an increment to those that would result f: .-
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Table 3-16

Total User Cost
for the 1991 Particulakre Standards

{(Discounted to ¥Year of Vehicle Purchase)

Fleat Average Vehicle

Cost Catagory Short-Tacm Long-Tarm
First Cost $ 390 $ 133s6
Fual Economy 261-381 ‘ 227-330
Maintenance 72 62
Total $723-843 $625-728
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Table 3-37

Total HDDE Manufacturer Costs
1991 NOx and Partigulate Standards

N R T T L g

v,

Undiscounted Discounced*
RD&T Hardware*¥ RD&T Hardwara*¥
NOx $28.™ 542, $34.8M $38.M
Particulate. 493.5M 37L.44 63.4 339.1M
Total 78.24 4L3.M™ 298. 24 377.eM
Grand Total $491 .94 $475.M
* Discounted at 10 parcent to L991

bl Model year 1991-93 HDDVs,
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Table 3-38

Total HDDE User Cosc™
1991 NOx and Particualte Standards

Shore Term Long Tarm
Firsc Fuel Maint- Firsc Fuel Maintc=-
Cosc Economy enance Cost Economy enance
NOx $68 $0-348 $0 568 50-174 $0
Particulate $390 261L-381 72 336 227=-330 62
Total 458 261-729 72 404 227-504 62
Grand Total 791-1,259 693-970

* Incremental cost over cost of 1988 gcandards.
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continuing the 1991 standard into the 1994 and later model
years, As discussed in the Technical Feasibility Chapter, the
Agency expects that the 1991 0.2% g/BHP-hr standard would
requite about 60 percent of the non-bus HDDEs to be trap
equipped in the long term (i.e., about 1994). Similarily, the
1991 0.10 g/BHP-hr standactd would require all urban bus engines
te be trap equipped. With the more stringent 1994 0.10
g/BHP-hr, about 90 percent of the non-~bus HDDEs will need
traps, while the buses will all remain trap equipped.
Therefore, the incremental effect and resulting cost of the
1954 standard is dependent on the use of an additional 30

perccent traps by non-bus HDDEs.

The basic inputs for this analysis are taken from the 1991
particulate standards section where the costs of wvarious
trap-oxidizer systems were examined. Specifically, that
analysis reviewed the costs associated with a ceramic monolith
trap using a fuel Dburner regeneration system, a ceramic
monolith trap using an electrical regeneration system, and a
ceramic €fiber trap using a catalyst regeneration system. The
details of that comprehensive evaluaktion will not be repeated
here, It is important to note, however, that only the ceramic
monolith/fuel burner system was used to estimate the economic
effects of the 1991 standards, This approach was taken, in
spite of the potentially lower cost of the ceramig
Eiber/catalyst system, because the -ceramic monolith/fuel burner
trap is presently the most well defined and may be the Eirst

- commercially available trap-oxidizer.

The economic effects of the 1994 standard will also be
assessed using the costs associated with the ceramic
monolith/fuel burner system, Due to the long leadtime
associated with the 1994 requirement, however, it is possible
that a lower cost trap oxidizer such as the ceramic
fiber/catalyst system may be widely used hy the effective date
of the standard,. If this were to occur, the cost of the 1994
standard would be somewhat 1less than that presented in the

subsequent sections.

a. Cost to the Manufackurers
i, Fixed Costs

The total fixed cost of the 1994 standard obviously will
be significantly less than that associated with the 1991
standards. Only 30 percent of the HDDEs will incur develapment
and certification testing costs, compared to about 70 percent
in 1991, Also, when reviewed 2n 3 per wehicle basis, it i3
reasonable to axpech that engineering experience gained
throughout the early L1390's will make the applicaticn of rraps
ko new families in L1994 less difficult than it was 1in 1$%51l.
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Therefore, the fixed cost that was recovered in the sales price
of a trap-equipped HDDE under the 1991 standards (i.e., about
$87) would seem to represent an upper limit for the fixed cost
associated with the 1994 standards.

Using this conservative assumption, the total fixed cost
of the 1994 standards can be estimated by multiplying $87 per
trap-equipped vehicle by the number of such vehicles over which
fixed costs are recovered. As in the previous HDDE analyses,
the fixed costs of a standard are assumed to be recovered over
three years of preduction immediately following the effective
date of the standard. The estimated cost of capital is 10
percent per annum, Based on the projected HDDE sales in Table
3-11, the number of trap-equipped HDDEs used in the fixed cost
calculation is ahout 334,000 (i.e., 30 percent of the 1994
through 1996 HDDE "discounted sales,”" excluding buses}. This
results in total estimated fixed costs of $29.,1 million, when
expressed as a lump sum investment in 1994, The expenditures
of these over time can be expected to occur as shown in Table

3-39.

ii, Variable Costs

The variable cost of a specific trap-oxidizer system is a
function of vehicle size. The costs of a ceramic monolith trap
with a fuel burner regeneration system was praviously estimated
at $370 for LHDDEs, $448 for MHDDEs, and $574 for HHDDEs.
Total HDDE sales, excluding urban buses, are composed of 36
percent LHDDEs, 27 percent MHDDEs, and 37 percent HHDDEs.
Using these values to sales weight the trap-oxidizer cost for
each size category results in an average variable cost of $467
per trap-equipped HDDE, Expressed as an average over Gthe
entire fleet, the variable cost is $137 per HDDE.

iii, Total Manufacturers Cost of Lthe 1994 Particulate

Standarcds

The total discounted and , undiscounted cosks to
manufacturers are shown in Table 3-40, The Eixed costs are
taken directly from Table 3-39. The varlable costs acre the

products of the hardware cost per fleet-average vehicle and
total HDDE sales in each specific year (Table 3-11), The total
undiscounted cost ts $193,5 million, while the discounted ccst

is $217.9 million.

b. Cost tg Users for HDDEs Complying with Ethe 1994
Particulite Standards

i, Firse Cast

The amount thar 3 manufacturer nust increase the price of
an HDDE -to recover irs expenses depends on the timing of nhe
costs, the cost of capital, and the number of vehicles o2ver
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Table 3-39

Toral Fized Cost of the
1994 HDDE Particulate Standarcd

Discounted Undisqounted
Years Fixed Cosks[1} Fixed Costs
1994 $§3.0M 3.4 M4
: 1931 13.0 M 9.8 M
| 1992 7.9 M 6.5 M
f 1991 3.2 M 2.9 M
Total $2%.1 M $22.6 M

[1l] Discountad to the effective date of the standard, 1i.e.,
1984.

A e, S
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Tible 3-40

HDDE Manufacturers' Cast
fFor rhe L334 Particulate Standard

Undisgounted Discounted

Yaar Fixed Cost Variable Cost Tokal Total
1990 $3.4 4 -- § 3.4 M $ 5.0 M
1991 9.8 M - 5,8 M 13.0 M
1992 6.5 M - 6.5 M 7.9 M
1993 2.9 M - 2.9 M .2 M
1994 - $56.0 M S6.0 M 6.0 M
1995 - 57.0M §7.0 M 51.8 M
L9596 - 57.9 M 57.9 M 47.8 M

193,59 M $184.7 M

Toetal
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which the fixed costs will be recovered. As discussed in
deriving the fixed costs, manufacturers are expected to recaover
fixed costs over the first three years of production. The cost
of capital was alsoc identified as 10 percent per annum. Hence,
the first cost increase for a vehicle is the sum of a pertion
of the discounted fixed cost and the hardware cost, as
described earlier. Using this methodology, the purchase price
inerement for a trap-equipped HDDE is estimated at $457 for
LHDDEs, $535 for MHDDEs, and $66)1 for HHDDEs. This averages
4553 per trap-equipped HDDE. Expressed on a fleetwide basis,
the purchase prige- increase is about $163.

ii.  Fuel Economy

Traps may adversely affect fuel economy due to a potential
increase in exhaust backpressure and bhecause of the enerqgy
required to initiate regeneration. The penalty associated with
the use of this technology was estimated in the 1991
particulate standards discussion as }1.0-1.5 percent per
trap-equipped vehicle. When discounted to the year of vehicle
purchase, this is equal to approximately $54-81 for a LHDDE,
$259-388 for a MHDDE, and $705-1,058 for a HHDDE. This amounts
to $350-525 for the average Lrap-equipped HDDE. For the
flaet-average HDPDE, the discount lifetime fuel penalty is about

$103-154.
iii. Maintenance

The potential maintenance costs associated with trap
oxidizers £all primarily into two  categories: sensor
replacement and trap maintenance, The discounted lifetime
costs associated with these items were estimated in the section
on the 1991 particulate standards as being $66, $107, and 5133
for a LHDDE, MHDDE, and HHDDE, respectively. For the average
trap-equipped HDDE this is $102. Expressed on a fleetwide
basis, the . discounted Llifetime maintenance increment is

estimated $30.

iv. Toktal User Cosks

The total cost to the purchaser of an HDDE is composed of
the first price increase, and the discounted lifetime costs far
fuel eccnomy and maintenance. The total user costs for
trap-equipped HDDEs complylng with the 1994 standard are
$120-147, $366-495, and $838-1,119 for HHDPEs, LHDDEs, and
MHDDEs, respectively. For the average HDPE with a trap, “he
total cost if $1,70%-1,181. Expressed as an average over rha
entire fleet, the *=ytal user cast 13 $296-347. The vi-. ..
fleetwide costs per vehicle are summarized in Table 3-41.
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Table 3-41

Total User Caost for the
1684 Parkticulate Standard

{Discounted co Year of Vehicle Purchase)

Fleet-Avarage Vehiclae

Cost Catagory

First Cost $163
Fuel Economy 103-154
Maintenance 30
TOTAL $296-347



3-9%

a. Aggregate Costs to the Nation of the HDE NOx and

Particulace Standards

The adgregate costs to the nation of the HDE NOx and
particulate standards include the total manufacturer costs of

" RD&T and hardware, and user costs of fuel economy and

maintenance which will be incurred due to the more strict
emission control requirements of the standards, These costs
were developed above, and are shown in Tables 3-42 and 3-43
according to the year of expenditure. All costs before the
year of the standard are for RD&T, including certification, and
costs after the year of the standard are for hardware and
additional operating costs for the vehicles equipped with HDEs
projected to be scld in those years.

The aggregate costs presented in Tables 2-42 and 3-43 for
each model year group are incremental in nature. ‘The aggregate
incremental costs for the 1991 model year group represent only
the added costs beyond those incurred in the 1988 model vyear
group. The same is true in considering the 1994 model year
group aggregate costs, with the exception that the increment is
calculated relative to 1951,

All costs are shown undiscounted in Table 3-42 and
discounted at 10 percent toe the year of -the standard in Table
3-43 and are developed in the preceding sections., As shown,
the aggregate costs to the nation of the HDE NOx and
particulate standards are approximately $118-600 million for
the 1988 standards, $B33-1,24%: million for the 1991 standacd,
and $336-394 million for the 1994 particulate standards,
discounted to each of those years.
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D. Socicecgnomic Impacts

The socioceconomic impact section in the Draft RIA
discussed the effects on manufacturer sales and cash flow, the
reqional effects of employment, and the national effects on
vehicle purchasers, energy usade, balance of trade, and
inflation. These effects will not change significantly as a
result of the reanalysis of costs, since cost estimates
decreased or rose only slightly from the original estimates.
However, some comments were received from citizens,
environmental dgroups, the American Trucking Association (ATA),
and public transit system operators concerning the
socioeconomic impact of costs on individuals and
organizations. The questions raised by these comments are
raeviewed in the following paragraphs.

Comments received from citizens and environmental groups
argued that the cost of these regulations are rightly passed on
to the consumers who also receive the benefits of improved
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Table 1-42

Undiscounted Aggregate Incremental
Costs of the HDE Standacds

(millions of dollars)

Modal Year 1988

e s ettt ——

Calendacr

Yaar HDDE NOx HDDE Parkticulate HDGE NOx HDE Takal
1986 $18.0 $16.0 $1.6 $35.6

1980 12.7 7.0 2.1 21.8

1948 10.8-246.0 5.9 1.3 18.0-253.2
1989 11.2-195.5 6.2 1.3 18.7-203.0
1990 1L.7-107.5 6.4 1.1 19.4-115.2
Model Year 1991
Calaendar

Yaar HDBE NOx HDDE Particulate HDGE NCx HDE Tatal
1487 - $8.0 - $8.0

1948 $7.0 20.0 - 27.0

1989 15.0 14.0 $31.5 ‘32.5

1990 6.7 7.5 2.1 16.1

1991 i 13.7-146.6 253.9-299.8 2.8 270.4-449.2 -
1992 14.2-117.8 253.0-298.06 2.8 , 270.,0-419.2
1991 14.4-84.5 239.8-282.4 2.8 259.0-369.7
Model Year 1994

Calendar

Yaar HDE Parcticulate

1990 $3.4

1991 9.8

1992 6.5

1993 2.9

1994 110.4-131.3

1995 112.3-133.2

1996 114.2-135.7
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Table 3-43

Discounted® Aggragate [ncremental

Costs of the HDE Standards
{millions of dollars)

Model Year 1948

e — e e e————

Calendar

Yaar HDDE NOx HDDE Particulate HOGE NOx HDE Total
1986 $£21..8 $19.4 $1.9 $43.1

1987 14.0 7.7 2.3 24.0

1288 10,8-246.,0 5.9 1.3 18.0-253.2
1989 10.2=-L77.7 5.6 1.2 17.0-184.5
1990 9.7- 88.8 5.3 1.1 16.1l- 95,2
Tatal $66.5-548.3 $43.9 $7.8 $118.2-600.40
Model Yaar 1901
Calandar

Yoar HDDE MNO=x HDDE Particulate HDGE NOx HDE Tokal
1987 - §11.7 N - $11.7

19448 $5.3 26.48 - 35.9

1989 18.2 16.9 $4.13 39.4

1590 7.4 g.2 2.3 17.9

1991 131.7-146.6 253.9-299.8 2.8 270.4-449.2
1992 ) 12.9-107.,1 230.0-271.4 2.5 245,4-381.0
19493 11.9- 69.8 198.2-233.4 2.3 212.4-305.5
Total $71.4-358.4 $745.5-868.0 $14.2 $833.1-1240.6
Madel Year 1994

Calendar

Year HDE Partigulate

1990 $5.0

1991 13.0 -

1992 1.9

1393 3.2

1394 110.4-131.3

1995 102.0-121.3

1396 94 .3~112.1
Tatal $335.8-19131.8

. 10 parcent £ === veir 2f rthe standarsd,
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environment and public health, and thus "will think that it is
worth the cost."” The Agency agrees with these comments. EPA
expects the manufacturers te recoup their losses through first
price increases in LDTs and HDEs.

On the opposite side of the argument, ATA believed that
the costs may be too high, stating that, "at issue is not
whether the average motor carrier will be adversely impact but
rather, in the case of fuel penalties for example, the
magnitude of this effect at the upper end of the range in
potential penalties on the highest mileage group of single
truck or small fleet owner/operators." In response, the Agency
believes that the ATA has posed an unrealistic scenarioc., There
is no reason ko expect the maximum operating cost impact to
fall on small high-mileage operators, since these operators
will certainly search the market for the vehicles with minimal
fuel economy impact if operating cost is of g¢great concern. A
comment by the National Resocurces Defense Council is relevant
here, which states that, "aven the more expensive standards
still add only a small fraction to the initial cost and
lifetime operating cost of the vehicles in question." Costs
should be able to be easily borne by the trucking industry with
small increases in the prices of consumer goods; since these
costs will be carried by all segments of the industry, no one
group should receive an unfair advantage or disadvantage due to

the standards.

Several comments were received pertaining specifically to
the socioeconomic impacts of the proposed NOx and particulate
standards on urban transit buses, The Urban Mass
Transportation Administration ({UMTA) and local transit and
transportation authorities from New Jersey, Washington,
Chicago, Cleveland, Washington, D.C., Albany, and San Antonio
all stressed the economic burden that would be placed upon
urban transportation locally and nationally. There was general
agreement among these agencies that EPA underestimated the true
costs and economic burdens associated with the proposed
standards. New Jersey Transit and VIA Metropolitan Transit in
San Antonic indicated that the increased c¢osts would be
translated into higher fares, lower riderships, more personal
vehicle use, and an increase in emissions as a net result of
the proposed standards. Finally, the Chicago Transit Autheority
(CTA) expressed concern that engine selection for transit buses
would be reduced as manufacturers leave the market due to the
increased costs of control.

EPA has estimated the first price increase associated with
a 0,10 g/BHP-hr rparticulate and 5.0 g/BHP-hr standard it a
value of #$644¢, The toral fuel econcmy penalty resulting frem
these controls is estimated to be 2 percent, or $l427, in rhe
long run, and slightly higher in the short run. There is also
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a maintenance cost of $107 per bus associated with the
particulate standard. With the current average price of a
diesel transit bus being $135,000-145,000, the first price
increase gstimated represents at most a 0.5 percent increase in
the first price of a diesel tramsit bus, The operating and
maintenance cost associated with an urban transit bus will rise
at most slightly over 2 percent. This assumes that fuel is the
only operating cost involved; other considerations would reduce
this figqure. Thus, the "economic burden" associated with the
NOx and particulate standards does not appear to EPA to he
savere. Based on this, EPA does not believe that there will be
any significant fare increases and associated ridership losses

attributable to the standards.

The market for diesel engines used in transit buses is
small as CTA has indicated. Currently only one domestic
manufacturer, GM, makes engines for large urban transit buses,
and only one or two of their five such engines are made
expressly for that purpose. Also, Caterpillar makes an engine
used in smaller transit buses in some urban areas. EPA feels
that it is highly unlikely that either manufacturer would
relinquish its share of the market under such circumstances.
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CHAPTER 4

NOx AND PARTICULATE ENVIRONMENTAL IMPACT

This chapter will examine the environmental effects which
can be expected to result Ffrom the implementation of the
revised NOx standards for light-duty trucks and heavy-duty
engines and new diesel particulate standards for heavy-duty
diesel engines, The material presented here begins with an
overview of Chapters 4 and 5 in the Draft Regulatory Impact
Analysis, followed by a summary and analysis of the comments
made on the information contained in these chapters, and,
finally, a presentation of revised projections of the
environmental and air quality impacts of the NOx and diesel

particulate emissions.

I. Qverview of NPRM Analyses

A, Oxides of Nitrogen (NOx)

The Draft analysis opened with a brief review of the

health effects associated with NOx emissions. The primary,

concerns reviewed were the human respiratory effects which
formed the basis for the level of the primary ambient NO,
standard. At the present time, this standard level 1is an
annual arithmetic mean of 0.053 ppm.

Following this review, the effect of the  proposed NOx
standards on ambient air quality was estimated by comparing
future year NOx emissions inventories and ambient NO, levels
under three scenarios: 1) no future control, 2) the proposed
standards, and 3) the eventual standards as mandated in the
Clean Air Act. These analyses focused on those urban areas
that are within range of exceeding the NAAQS by the end of the
century. In additiaon, estimates of lifetime emission
reducgtions per vehicle were made, primarily for use in the cost

effectiveness analysis.

The air quality analyses for NOx were performed using a
three-~stap approach. The Ffirst step 1involved the use of
MOBILE2.5 to estimate emission factors by calendar vear and
vehicle class under the three scenarios. MOBILEZ2.5 determines
emission factors in grams per mile {(g/mi} for motor vehicles,
based upon vehicle class, engine type, model year, and age of
the vehicle. For heavy~duty engines, additional Ffactors are
used to convert ©brake-specific emission facktors to g/mi
emission fagtors. In order to obtain a specific calendar year
emission factor for the individual vehicle classeas,
dieselization rates by model year, registration distribun: nj
by age, and mileage accumulation crates by age are combined ~irh
the emission factor by model year and age. The model -
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emission factors reflect improvemencs in control efficiency
over time,. The calendar vyear emission factors are then
utilized by the EPA Rollback Model in step 3, described bhelow.

In the second step, base year inventories of NOx emissions
for the urban areas of interest were obtained from the National
Emissions Data System (NEDS).{l1] NEDS provides county-specific
estimates of emissions by source category for each county in
the United States. Total vehicle miles travelled (VMT) by
county, VMT breakdown by vehicle class by county, and vehicle
emission factors are the key parameters in determining the
mobile source inventory. The 1981 NEDS inventory contained in
the draft analysis was derived using emission factors Erom

MOBILEZ.

These were combined, along with current NO, levels and
projected growth in sourtce activities and control efficiencies,
to yield Future year emissions and NO; levels. This final
step was performed using the EPA Rollback Model which begins
with base year inventories of NOx emissions and base year
ambient levels of NO. concentration {(design values).
Utilizing the emission factors from the MOBILE program, along
with projections of total VMT by wvehicle type, and similar
numbers for stationary sources, the model can then project
future year inventories of NOx emissions and corresponding
ambient levels of NO:. The emissions from the various
sources are discounted to reflect their impact upon air gquality
in the immediate local area. Increases in ambient NO, lavels
are assumed to move linearly with increases in discounted NOx

emissions.

Estimates of lifetime reductions in NOx emissions per
vehicle were calculated in a straightforward manner.
pifferences in the emission factors by mileage for the various
control scenarios and estimates of mileage 2a2ccumulation over
time for the appropriate vehicle c¢lasses (obtained from
MOBILE2.5) were combined and summed over the vehicle's life.

A more complete description of the modelling proceduces
can be found in the Draft RIA, and in the following documents:
*User's Guide to MOBILE2",[2] "Compilation of Air Pollution
Emission Factors: Highway Mobile Sources®,[3] and "“Rollback
Modelling: Basic and Medified".[4]

B, Particulate Matter

The Particulate Environmental [mpact Chapter in the Draft
RIA opened with a discussion of the relationship of diesel
particulate matter to total suspended parcticulate and the NAAQS
tor particulate macter. The widespread non-attainment of the
NAAQS in 1995, under either the current TSP standard or the
proposed PM,, standacrd, was emphasized, :
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Following this discussion, the lifetime reductions in
particulate emissions per vehicle were then derived, again for
use in the cost-effectiveness analysis. These reductions were
estimated using the same hasic methodology as that described
above for the NOx analysis,

Next, nationwide and nationwide-urban emissions of diesel
particulate were presented, These projections were made using
the same basic methodology as for NOx, but with slight
modifications. For instance, due to the widespread violation
of the particulate NAAQS, it is not reasonable to model each
urban area individually. Thus, all U.S. urban areas were
analyzed together, Also, the MOBILE model itself is not
egquipped to determine emission factors for diesel particulate
matter, so it could not be used in the diesel particulate
analysis. However, the concepts of MOBILE and all applicable
parameters contained in MOBILE2,5 (described in detail in the
Diesel Particulate Study, or DPS{5]) were used to estimate
calendar year emissions,

+Since the diesel particulate analysis is done on a
nationwide, and not on an individualized urban area basis, NEDS
is not used as the source for the bhase year inventories.
Instead, emission factors were combined with estimates of
nationwide urban V¥MT by vehicle class to develop base year
inventories of diesel particulate emissions,

The estimates of nationwide emissions were then followed
by projections of ambient diesel particulate levels. bue to
the difficulties in distinguishing diesel particulate from
octhers in atmospheric measurements, same measurable surrogate
in the ambient air cthat is directly relatable to vehicular
emissions must be used to estimate current ambient diesel
particulate levels, The two surrogates that have historically
been used are lead and CO, Three types of ambient impact were
addressed: 1} levels expected to ‘ocour at air quality
monitors, 2) average exposure levels of urban dwellers, and 3)
ambient levels in selected high-exposure situations.

In estimating urban monitor-type levels, conceptually,
historic ambient lead levels are First converted to historic
ambient diesel particulate levels, This is done by assuming
that the ratio of ambient concentrations of the twe pollutants
is equal to the ratio of their emissions, taking into account
that a certain fraction of leaded particulate emitted falls out
of the atmosphere very quickly and does not affect ambient air

quality. Future ambient diesel particulate levels are *rhen
projected from historic levels using the general rollback
approach. Projections were made for a broad spectruin of city

sizes and metecrolcgical conditions.
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Annual average urban exposures, which include a variety of
individual activity pattern effects, were based on a model
developed by EPA to estimate exposures under various levels of
the CO NAAQS. The mode! was based on measured exposures in
specific types of situations in four U.5. cities, and involved
placing the population into various cohorts which spend various
amounts of time in each exposure situation, The CO levels
projected by the model were converted to diesel particulate
analogously to the <conversion described above for the

lead-surrogate model.

The high-exposure, or microscale, situations were analyzed
using models developed €for EPA for the projection of any
completely dispersed, non-reactive pollutant. Thus, they are
also based on the surrogate and rollback concepts. Four
situations were modelled: roadway tunnels, streek canyons, on
an expressway, and nearby an expressway.

Fallowing these three estimates of microscale
concentrations of diesel particulate, the particular need to
control diesel particulate at high altitude was discussed.
While the lack of particulate emission data at high altikude
prevented any more precise estimate of environmental impact
than that presented in the nationwide analysis described above,
Denver's air quality situation was discussed briefly and the
need for high-altitude control was established.

Following these emission and air quality analyses, the
Draft RIA attempted to put these projections in perspective by
examining four c¢lasses of health and welfare effects associated
with diegsel particulate: 1) neon-cancer health effects, 2)
carc¢inogenic health effects, 3) visibility, and 4) scoiling,.

The analysis of non-cancer health effects associated with
diesel particulate focused on identifying the potency of diesel
particulate relative to that of general suspended inhalable
particulate (i.e., PM,q). Using this relative potency, the
ambient diesel particulate levels identified earlier were
compared to the current PM,, levels of urban areas and the

proposed PM,, standards.

With respect to carcinogenic effects, an estimate of the
lifetime risk of contracting lung cancer Cfrom expasure to

-diesel particulate was made using estimates for the potency of

diese#l particulate and the earlier estimates of average urhan
exposure. Due tn the limited epidemiological data available,
the estimate of the carcinogenic potency of diesel particulane
was made wusing a comparitive potency methed developed hvy
EPA. (6] In this merhodolegy, the relative potency of die.ie.
particulate to known human carcinogens 1s determined from -aw
relative potencies of rthe compounds 1in non-human laborat.:y
bioassays and then applied to known human cancer risks of tne

human car¢inogens,
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As the size and chgmical composition of diesel particulate
makes it very effective in both scattering and absorbing light,
a was developaed to quantify the reduction in visibility caused
by ambient diesel particulate levels in a large number of urban
areas.[5] The model used the projections of ambient diesel
particulate levels described earlier, Beers' law, a measured
coefficient of extinction for diesel particulate, and the
assumption that diesel particulate levels were constank inside
the city radius and zero outside the radius to determine the

vigsibility reduction.

The effects of soiling due to diesel particulate are
described briefly in the Draft RIA. Little physical data were
found describing the rate of particulate soiling or the soiling
of diesel particulate relative to that of other types.
However, due to its black color and oily nature, diesel
particulate may have a disproportionate effect on soiling
compared to the effect of other types of particulate matter.
The only guantitative estimates of soiling were economie in
nature and made in Chapter 8 of the Draft RIA (Cost-Benefit

Analysis).

A more complete description of the methodologies described
above can be Eound in the Draft RIA and the DPS.[5]

IT. Summary and Analysis of Comnents on_  NPRM Enviconmental
Impact and Air Qualiky Projections

Numerous comments were received from vehicle and engine
manufacturers, public tramsit organizations, environmental
groups and private citizens, dealing largely with wvarious
specific inputs used te project Cfuture emissions and air
quality in the NPRM analyses, Several of the issues addressed
are common to both the NOXx and diesel! particulate analyses, and
will be dealt with in the first part of this section, This
discussion of common parameters will be followed by two sets of
discussions dealing with factors specific only to the NOx and
particulate projections, respectively.

A, Factors Common to Both Apnalyses

1. Baseline VMT Breakdown

A critical parameter in estimating both  NOx and
particulate emissions is the breakdown of VMT by wvehicle class
in the area being examined. These VMT breakdowns were under
study by EPA just prior to the issuance of the NPRM. At that
time, it was discovered that the VMT breakdowns used in the MNOx
projections, which were taken from the National Emissions D4ta
System (NEDS)([Ll] Zor selected SMSAs, were quite different from
the "Nationwide Ucrban® VMT breakdown used in the particulate
analysis, which was developed primarily from the Energy and
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Environmental Analysis, Inhc. (EEA) fuel consumption model.[7]
At the hearing following the NPRM, & technical repoct entitled
*Motor Vehicle NOx Inventories"[8) was issued showing that the
"Nationwide Urban" approach allocated a significantly lower
percentage of total urban VMT to heavy-duty diesel wvehicles
{MDDVs) .than did the NEDS methodology. Investigation into the
NEDS methed of county-by-county allocation of statewide VMT
revealed some likely inaccuracies, especially with respect ¢to
an overestimation of HDDV VMT in urban areas. The suspected
overestimation by NEDS was confirmed by estimates gathered from
lacal transportation and planning authorities, which on average
indicated a HDDV fraction of VMT very cleose to that estimated
using the "Nationwide Urban® approach.([8]

Comments received on the base-year VMT breakdown used in
the NOx projections and the above-menticoned technical report
indicated support for the use o0E the local transportation
agancy data from each of the cities being modelled for NOx
emissions. However, as the technical report explained, local
data were available for only seven of the eleven cities in the
NOx analysis., The use of updated 1981-83 average NO. design
values {discussed below) resulted in the introduction of three
new cities into the NOx analysis for which no local estimates
have been obtained and the removal of two cities for which
estimates were available. Thus, local data are now available
for only a minority of the cities being modelled., To further
complicate matters, subsequent analysis uncovered'inaccuracies
similar to those found with the NEDS approach in twoe of the
seven available local estimates.(9])

Therefore, both the NOx and diesel particulate projections
presented in this final rulemaking are hased on VMT breakdowns
by vehicle c¢lass developed using the "Nationwide Urban®
approach, which are very similar to the average of the local
data which are available and contain no known errors. This
method provides the Elexibility needed to accommodate ongoing
changes in the cities being analyzed, yet addresses the lacqgely
non~uthan nature of HDDV travel (an improvement over NEDS).
Because the "Nationwide Urban" approach has been updated to be
consistent with MOBILE3l (the model used is cailed the MOBILE]
Fuel Consumption Model)*, the breakdown of VMT by class is

* The MOBILE3 Fuel Consumption Model {(M3-FCM) is a recently
developed model, similar in principal to EEA's madel,
which estimates nationwide and urban VMT and Ffuel usage &=y
vehicle class and fuel type. EPA's model 1is w3
primarily on MOBILEZ £leet characterization data (r:
NPTS and TIUS) and uses histoarie trends in wenioo
régistrations (from R.L. Polk) to project CEuture VT
(mileage/vehicle assumed to be constant over time), 'ruan
VMT fractions and gas/diesel sales splits used in -+
model are those presented in Tables A-2 through A-5 or ‘-
Appendix,

LR
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slightly different than that’® shown in “Motor Vehicle NOx
Inventories”; however, the basic methodoleogy and the urban
fractions of VMT faor each vehicle class are essentially the
same, while only the nationwide VMT breakdown by wvehicle class
differs. In particular, the resulting HDDV fraction of urban
VMT 1is wessentially the same as that with the nationwide
approach presented at the hearing and the average of the
available 1local data. (Annual VMT by vehicle ¢lass, as
estimated by the MOBILE3 Fuel Consumption Model and used in the
final analyses, is presented in Table A-1 of the Appendix. The
urban fractions of VMT used are shown in Tables A-2 and A-3 for
heavy-duty diesel and gas vehicles, respectively,([l0] Urhan
fractions of LDV and LDT travel are assumed to remain constant
over time at 0.597 and 0.514, respectively, based on 1583 FHwA

data.[11])

Final estimates of 1982 urban VMT breakdown by class, used
in both the £final NOx and diesel particulate analyses, are
presented below:

Vehicle Class % of Total 1982 Urban VMT*
Light-duty Vehicle (LDV) 72.8
- Gasoline {71.2)
- Diesel (l1.8)
Light-duty Truck (LDT} 20.5
- Gasoline- (20,1}
- Diesel ‘ (0.4)
Heavy-duty Gas Vehicle (HDGV} 4.4
Heavy-duty Diesel Vehicle (HDDV) 2.3
Total 100.0

These percentages, applied to 1982 VMT toktals and cthen
multiplied by 1982 NOx and diesel particulate emission factors,
were used to develop base-year pollutant inventories for the
emissions projecktions presented later in this chapter,

2. VMT Growth Rates

A modelling parameter that received a substantial amount
of comment was the set of VMT growth rates that were applied to
base-year VMT for each wvehicle class to project Cfutuce VMT,
Specific¢ recommendations concerning the appropriate levels of
VMT growth were submitted by General Motors (with support from
other manufacturers) and DOE ({quoting EEA-hased figures).
Comments were also received from the American Trucking

® Because of che use oL updated MNO. design wvalues (tn be
addressed later in rthis chapter), an update from 1981 ro
1982 bhase-year VMT was necessary.
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Association (ATA), stating thart future VMT by HDDVs will be
reduced due to the replacement QF some conventional
truck-trailer combinations with twin trailers (i.e., one
tractor pulling two trailers). Although ATA came to no final
conclusion on an appropriate HDDV growth rate, Argonne National
Laboratory was cited as a reliable independent source. As the
Argonne VMT model (TEEMS) 1is being  considered Efor use in the
Federal government's National Acid Precipitation Assessment
Project, and recent output of the model was available,
Argonne's independent projections of future VMT growth are
included for purposes of comparison in this analysis.[12]

In general, GM's estimates for each of the vehicle classes
are lower than the growth rates used in the NPRM projections
and lower than those recommended by both DOGE and Argonne,
Table 4-1 summarizes the VMT growth rates suggested by the
commenters (along with Argonne), compared to the rates used in
the NPRM analyses and those chosen for the FRM projections.

The final (FRM) growth rates shown in Table 4-1 are based
on urban VMT projections made using - the MOBILE3 Fuel
Consumption Model (M3 FCM), calculated E£rom the VMT figures
shown in Table A-1, This is the same model used to develop the
base-year urhan VMT breakdown by wvehicle c¢lass. The growth
rates are nationwide averages for urban areas across the U.S.;*
city-specific growth rates were not determined for the same
reasons given earlier in the hase-year inventory discussion --
absence of  local projections from some cities and .need to
accommodate changes in the specific cities being modelled.

As Table 4-1 shows, the FRM (M3 FCM) growth rates for the
LDV and LDT classes are 1in basic agreement with Argonne's
independent projections, estimating LDT growth at a slightly
higher level than LDV growth. The LDT growth rcate is
significantly lower than that used in the WNPRM analysis, which
was based on EEA's Eighth Quarterly Repork.[13] GM's
projections also show equal rates for LDVSs and LDTs. However,
their light-duty growth rates are significantly lower than the
other estimates, most Likely due to GM's assumption that both
LDV and LDT VYMT growths are primarily a function of growth in
U.s. paopulation. Although GM does state that there were
adjustments made to account for trends in per-capita vehicle
ownership and in miles driven by individual vehicles,[14] their
approach still appears to undecestimate future light-duty VMT
growth in comparison with independent projections E£from both
Argonne and EEA, based on more sophisticated sconometric models,

= In addition to urbkan YMT growrh races, nationwide gr:whh
rates were alse calculatced freom the M3 FCM for use in rhe
NOx analysis; both rthe wurban and nationwide growrh

estimates are shown in Table A-7 of the Appendix,



———r g,

4-9

Table 4-1

aAnnual Compound Urban VMT Growth Rates

{Percent per ¥Year)

Vehicle

LDV
LDT

HDGV
HODV
HDV (

Note:

Class

ovearall)

EPA Interim

EPA
Interim
NERM Analysis GM DOE JArgonne ERM

+1.7 +2.0 +1,2 - +1.9 +1.9
+4.7 +4.,0 +1.2 - +2,3 +2.1
-0.3 +2,1 -2.6 - e +0.6
+6.4 +6.7 +3.6 +6.,9 -- +4.2

-- - +1.1 - +2.0 +2.0

Based on EEA's Eighth Quarterly Fuel
Consumption Model Report with assumprions;

1980~1995.

Analysis-- Based on EEA 10th Quarterly Repork,

GM --

OE ~-

Argonne--

FRM~~

with urban assumptions from TIUS and FHwA:
1981-1995,

Based on 1980 OBERS with assumptions;
1978-2000.

Based on EEA data and projections; 1980-199%,

Based on ANL-8IN forecast, TEEMS; NAPAP likely
to be similar; nationwide estimates; L980-~2000.

Based on MOBILE3 Fuel Consumption Medel:
l1982-2000.
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With respect to overall heavy-duty growth, GM's estimate
is based on 1980 Department af Commerce (DOC) OBERS projections
for future growth in employment within the construction,
manufacturing, and wholesale trade industries[15) and GM's is
again significantly lower than the figure estimated by both
Argonne and the M3 FCM. However, use of employment growth
would again be expected to underestimate growth in VMT, since
employment grows more slowly than economic output due to
productivity improvements and heavy-duty VMT should more
closely follow the latter. For instance, if GM had chosen

growth in industry earnings (also included in DOC's

prajections) instead of Jobs as an indicator of future
heavy~duty travel, the new figure would be roughly 3.2
percent/year.[15] Thus, the FRM projections appear quite

reasonable.

This overall growth rate for heavy-duty VMT must then be
split between gasoline-powered and diesel-fueled vehicles
{(HDGVs and HDDVs, respectively). The MOBILE3 Fuel Consumption
Model determines thisz split using diesel sales penetration
rates developed along with MOBILE3,[l#] the contents of which
were critiqued by vehicle and engine manufacturers and other
interested parties through a number of workshops.

3. Diesel Sales Projecrions

Manufacturers ({primarily OGM) recopmended significantly
lowar future 1light-duty diesel sales fractions than those
projected in the NPRM, suggesting 1995 model year diesel

penetrations of 5 percent and 7 percent for LDVs and LDTs,.

respectively., These estimates compare to NPRM figures of 11.5
percent and 34 percent, respectively.

Future light-duty diesel penetration 1is difficult to
predict, as the demand €for diesels is very dependent upon
Future oil prices and the availability of diesel engines which
satisfy consumer precferences. However, during the development
of the MOBILEZ heavy-duty conversion Ffactors, manufacturers
{particularly GM) arqued for substantial fuel economy
improvements wall through the 1990's, indicating a belief that
fuel prices will indeed rise in the future calling Eor
continued improvements in fuel economy. Tharefore, to remain
consistent with this position, growth in diesel penetration --
a fuel-saving technique -- was also projected to occur. EPA
raised this issue at that time, indicating that substantial
vehicle-related fuel economy improvements must logically be
accompanied by increasing diesel usage. EPA accepted most of
these fuel economy improvements predicted by the manufacturers,
which lower heavy-dury anmissions in the future without direcr
emission control. Thus, rno argue tfor low diesel penetraticns
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now is quite inconsistent with GM's position juse a year ago
and inconsistent with fuel economy improvements assumed in the
derivation of the heavy-duty conversion factors.([10]

Therefore, model year diesel sales fractions used in the
FRM analyses are similar to those estimated 1in the NPRM
projections {(post-1994 estimates of 11.5 and 34 percent for
LDVs and LDTs, respectively), except that pre-1995 estimates
have been reduced to reflect slowed growth (1990 projections of
5 percent and 15 percent, respectively). However, to identify
the impact of potentially lower diesel penetration on
particulate emissions, a sensitivity analysis will be performed
wherein the 1990 penetrations (5/15 percent) are held constant
through model year 2000 {results to be discussed in the final
section of this chapter).* A complete listing of the
light=duty model year diesel sales factions used in the FRM
analyses is provided in Table A-4 of the Appendix.

While current light-duty diesel penetration is relatively
low, particularly in light of GM's recent decision to withdraw
trom the market, the 11,5 percent 1995 LDV penetration is still
realistic given that diesel penetration jumped from ¢,3 percent
in 1977 ¢to &.0 percent in 1981 with only one domestic
manufacturer producing diesels. Given this fact, plus the
potential volatility of world cil prices, it is not difficult
Lo project a rapid increase in diesel sales if fuel prices were
to increase dramatically. Furthermore, in the development of
MOBILE3] and elsewhere, manufacturers have consistently
predicted a continued need in the next decade to improve the
fuel economy of their engines/vehicles, and EPA's diesel
penetration rates are not inconsistent with these forecasts,

In view of the current (1983) level of diesel penetration
into the LDT market -- approximately 8 percent «- and the fact
that the diesel fraction of LDT sales has been steadily
increasing since 1978, it is apparent that LDT diesels are a
growth market, Given this, GM's estimate of 7 percent for 1995
seems unrealistically low, particularly since GM supporcs the
need for Ffuture fuel economy improvements and does indeed
predict growth in diesel penetration of all other markets (LLV
and HDV c¢lasses). Therefore, 15 percent is a more realisric
lower limit for the sensitivity analysis, maintaining a bes:
estimate of 34 percent diesel penetration into the LDT macket

by 1995,

* NOx emission fackors for gasoline and diesel LDVs and .07
are guite similar. Therefsre, future NOx emissiony .0

not sensitive ro light-duty diesel genetration,
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GM also commented on diesel penetration of selected
heavy-duty classes, recommending 1995 figures of 25 percent and
52 percent for heavy-duty Classes [I1I-V and VI, respectively.
Although the NPRM analyses assumed slightly higher penatrations
for these classes, the use of MOBILE3 €for the final rulemaking
projections implicitly assumes diesel Eractions consistentr with
the heavy-duty conversion factors analysis;[l0) these figures,
also used as input to the MOBILE3 Fuel Consumption Model,
essentially are in agreement with GM's estimates (30 percent
and 53 percent Efor Classes III-Vv and VI, respectively}. A
complete listing of the final heavy-duty diesel sales fractions
appears in Table A-% of the Appendix.

4, Heavy-Duty Conversion Factors

A fourth issue -- heavy-duty emission conversion factors
-- has been addressed extensively in the MOBILE3 workshops and
documented in an August 1984 technical report.[1l0] No

commenter hrought any new information te bear in this area., As
EPA has made known in the past,[16,17] MOBILE3 conversion
factors for both HDGVs and HDDVs are significantly lower than
those used in the NPRM analyses {(based on MOBILE2.5), However,
GM's contention that even further fuel economy improvements
should have been incorporated (resulting in even lower
emissions) appears inconsistent with their projections of low
diesel penetration into the light-duty markets and slightly
lower projections for the heavy-duty market, Therefore, the
FRM analyses will contipue ¢to use the MOBILE3 conversion
factors. (The final MOBILE3 conversion £factors are presented
in Table A-6 of the Appendix.[l10])

S. Validiky of Rollback Air Quality Models

The final issue common to both the NOx and particulate
analyses is the wvalidity of the “"rollback” approach to
predicting future air quality, where any change in emissions is
assumed to translate proportionately into a change in ambient
pellutant concentrations. In submitted comments, Ford (with
support from MVMA) estimated that only one-fifth to one-third
of the change in emissions due to VMT growth, not the entire
change, should be applied to air quality projections; this
estimate is Dbased on area source dispersion modelling conducted

by Ford,[1l8]

Investigation inte Ford's urbhan analysis uncovered some
assumptions which could have biased the results of the study.
One, the traffic density (VMT/squarte mile) at the cenkter of the
city was assumed %9 remiin constant. While YMT growth at ciky
center is certainly more restricted than that at the outskivns,
this assumption allows absolutely no consideration for urhan
redevelopment nor roadway construction or improvement.
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furthermore, the assumed model of VMT density Eorced most
growth in VMT to be applied to the ocuter edges of the original
urhan area and to areas even beyond the original city radius,
as the square of the city radius was increased in proportion to

assumed emission growth,
Twoe, the choice of location for the twge air quality

monitors, when coupled with the above assumptions, also appears
to minimize the impact of motor vehicles. The first monitor,

.located at city~center, would be primarily affected by the area

just upward of city-center, where VMT growth has been assumed
to be essentially zero. The second receptor, located 10 km
directly downwind of city-center, would also be most affected
by emissions 1in areas again assumed to experience 1little
growth., Monitors not in line with the city-center, which were
not included in the study, would be expected to experience more
VMT growth than was assumed to be present in the more congested
areas, and would therefore be more likely to demonstrate the
impact of motor vehicle emissions. '

An uncertainty present in Ford's ucban dispersion
modelling is the selection of only one stability class,
*slightly unstable.” As no information was given on the
characteristics of this and other classes, it is difficult to
assess the impact this choice had on the results.

EPA and others have used rollback modelling to project
future air quality since the mid-1970's, and EPA has long
approved its use in State I[mplementation Plans for projecting
compliance., Validations of the rollback model as applied to
carbon monoxide and lead were included in Chapter 3 of the
Diesel Particulate Study:;[5) and the figures presented there
show a strong <correlation between emissions and ambient
concencrations over a decade. Wwhile dispersicn modelling is
probably more accurate, Lt is not feasible in terms of expense
or time in a study such as this to evaluate every city using
dispersion modelling. Instead, a simpler approach, such as the
rollback model, must be used, Given the apparent bias and
uncertainties in the Ford study, it would be inappropriate to
discard or significantly adjust the rollback model here.
However, possible improvements te the rollback apprecach, such
as modified source discount Ffactors, will be considered and
could be incorporated into future modelling efforts if merited.

6. Significance of the Air Quality Impact

Many comments were received concerning the significance -7
the projected increazes in urban concentraticns aF parcicutle
matter and NO,; due Ko truck emissions. avMA and rE
questioned what portion ©f the future particulate amp:i=ne
levels can be attributed to diesel trucks, The engine
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manufacturers also questioned whether the increases in NO;
levels warrant the standards that have been proposed. The
environmental interests, and most of the private citizens who
chose to comment, uniformly criticized EPA for, 1in their
impression, setting standards designed to hold emissions at
current levels and not attempting to achieve net reductions.

The standards that have been established for both Light-
and heavy-duty truck MNOx and heavy-duty diesel particulate have
been based upon requirements of Congress, which primarily focus
on technological feasibility and not only on environmental
impact (the reader is referred %to the Preamble to the Ffinal
rule), For example, with respect to the particulate standards,
the Act calls Efor the most stringent standards vielding "the
greatest degree of emission reduction achievable through the
application of technology which the Administrator determines
will be available...giving appropriate consideration to the
cost...and to noise, energy, and safety factors associated with
the application of such technology." Thus, the availability of
technology is the limiting Eactor -~ not satisfactory

ennivironmental qualicy,

At the same time, the environmental impacts described in
the Draft RIA, and below in Section III of this chapter,
clearly justify the need for the standards being promulgated.
Without Lhese NOx standards, urban HNOx levels would rise
significantly over current levels by the early 1980's in
low-altitude areas and even sooner in high-altitude areas.
Even with these standards, growth in emissions is only being
delayed until the late 1990's at low altitude and there is
almost no delay of growth at high altitude. Nationwide NOx
emissions from all sources will also grow substantially by the
mid-1990's, even with substantial reductions from these
standards. The case for the particulate standards is even
stronger, given the widespread noncompliance with the current
TSP NAAQS and that expected with the PBM,, NAAQS (discussed
later). Thus, the arguments that the standards are either too
lenient or too strict based on environmental impact are not

valid.

B. Factors Specific to NOx

1. Stationary Sources

Although no comments were made pertaining to the
development of the stationary source inventories of NOx
emissions, nor their projected growth, these were reviewed in
light of what wis discovered concerning <he MNEDS a--.nmvy
specific estimates of robile sourse VMT. The asethodology suel
by NEDS to determine their Lloventories for stationary S ur.
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NOx were found to he acceptable,[19,20] Therefore, the NEDS
inventories (updated to 1982) used in the NPRM air quality
analysis will continue ko be used here.

The growth rates associated with stationary source NOx
used in the NPRM were determined for EPA by EEA in 1979, These
were based upon certain population and industrial earnings
growth €factors as determined by DOC/OBERS in 1977.([21] These
figures have been compared to those in the 1980 edition of
OBERS, [15] and the growth factors do not appear to have changed
significantly, so the same rates are being used here, A more
detailed review of this issue will be performed in the near
future as the National Acid Precipitation Assessment Program
begins releasing its projections. (The final stationary source
growth tates are presented in Table A-7 of the Appendix.)

2. NO,; Ambienk Design Values and Inclusicon of
California

A second issue specific to the NOx analysis is the set of
NO, design values, or base-year ambient WNOQO: concentrations,
used in the air quality projections €E£or selected cities,
Commenters {(Ford, MVMA) recommended the use of average
concentrations over a 3-yesar period to minimize the effect of
year-to-year f£luctuations in monitered levels. This was in
fact already being done, as interim air quality analyses
conduckted after completion of the NPRM analysis (early 1984)
were based on N@, design values averaged over the period
1980-82, These design values are being updated once more for
this analysis, as design values for the years between 1981 and

1983 are now available.[22]

With the adoption of updated desigqn values, the specific
cities that needed to be included in the NO,; analysis (those
with concentrations at or above 0.035 ppm ~- 66 percent of the
NO, NAAQS of 0,053 ppm) are different Erom those cities
modelled in past studies. (Table A-8 of the Appendix lists the
cities included in past and current NO: analyses, along with
the NO; design values used in the air quality projections.)
Also, as the monitoring period was updated to 1981-83, the hase
year changed to 1982 (the middle year); therefore, all base
year emissions inventories for mobile and stationary sources
(both discussed 1in previous ©paragraphs) wused in the FRM
analysis are now calculated for calendar year 1982.

As Table A-B shows, California cities were not included in
the NPRM NOx analysis, primarily because California wvehicles
are certified wunder different (more stringent) standards
promulgated and entotced by the Califernia Air Resources Board
{(CARB). However, CARB commented that many Federally-certified
{non-California) !line-naul trucks cross over California state
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lines and contribute to NOx and particulate emissions in
California cities. Therefore, CARB feels that the impact of
Federal heavy-duty engine standards on Californmia air quality
should be evaluated in the FRM. This is reasonable. Thus,
CARB's projections of NOx emissions for the South Coast Air
Quality Basin (8CAB), which includes the three <California
cities shown in the last column of Table A-8, are presented in
the final section of this chapter.* {The inclusion of
California cities in the diesel particulate analysis was not an
issue, as all urban areas across the npation were modelled in
aggregate; in addition, air quality projections were included
for Los Angeles and San Diego in the DPS[5) and are included in
the aggregate results presented in both the NPRM and the FRM.}

3. NOx Emission Factors

Some commenters recommended that MOBILE3 NOx emission
rates be used instead of those in MOBILE2. This update was of
course made, beginning with interim analyses conducted while
the NPRM was being reviewed in early 1984,[23)] Far use here,
the MOBILE3 inputs for post-1987 model year LDTs and HDEs were
updated to apply specifically to the following Ltwo scenarios:
1) a "base case,"” which represents no fucther control of motor
vehicle NOx (2.3 g/mi and 0.7 g/8HP-hr €for LDTs and HDEs,
respectively), and 2) a "controlled case,” which evaluates the
effect of the final standards promulgated in this rulemaking
(1.2 and 1.7 .g/mi for LDT, and LDT,, respectively, and §&.0
tollowed by 5.0 g/BHP-hr for HDEs). The =mission rates used in
the FRM analysis are summarized in Tables A-9 and A-10 for low
and high altitude areas, respectively; only those emission
rates and assumptions that are different E£rom MOBILE3 are

provided,

It .should be noted that the scenaric designated as
baseline (2.,3/10.7) in the FRM analysis differs slightly from
the baseline scenario presentéd in the NPRM or in MOBILE3, In
the proposal, future HDDV NOx emission rates were assumed to
remain at «current levels (approximately 7.6 g/BHP-hr) even
though the standard was set at 10.7. In preparing the FRM
analysis, this previous assumption seemed unrealistic in light
of the pressure that a particulate standard would put con NOX
emissions, so the HDOV rates were instead adjusted wupward
assuming manufacturers would design for the 10,7 standard once
they were sure it would remain at that level. Because the

b Because EPA‘'s MORILE3 program does not have the capah:i:l: v
to compute <corpoasite enissien facksrs E=r Calif-::n: o+,
CARB's NOx wemissions and air guality projections  oocw
incorporated into the analysis.
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heavy-duty gasoline (HDGV) ratés are currently well below the

standard and the particulate standards deo not apply to these
vehicles, no adjustments to the previcus assumptions for HDGVs

were made,

4. Short-Term NO, Standard

The WNatural Resources BDefense Council (NRDC) commented
extensively on the need for a short-term (3-hour) NO:
standard. The NAAQS for NO; is currently under Agency
review. The Agency is currently involved in extensive research
concerning the potential need for such a standard. For the
time being, however, it is EPA's opinion that the current
annual standard for NO, provides adequate protection against
both long=- and short-term health effects associated with
NO: . As the bhasis for the standards being promulgated is
technological feasibility, and not the 1limit of environmental
need, the existence of a short-term NO; NAAQS should not
affect this rulemaking, exgcept Lo further Jjustify the contreols

heing implemented,

5. Ozone and Acid Precipitation

Another issue specific to Lthe NOX analysis is the effect
of NOx reductions aon urban ozone and downwind sulfate
concentrations. GM (with support from several other commentors)
contends that a decrease in NOx emissions will cause urhan
ozone and downwind sulfate levels to rise. NRDC, however,
disagreed with GM's view on ozone formation, citing various
sources who maintain that NOx control (as well as HC control)
is essential -in the reduction of ozone levels. NRDC does
suggest that an increase in urban NOx emissions may lower ozone
levels locally (as GM contends), but it will also result in
increased ozone concentrations downwind of the higher NOx
amissions, merely delaying peak ozone formation.

The exact relationships between NOx and the other Etwo
pollutants are rather complex and have been the subliect of a

fair amount of c¢ontroversy over the past decade, Numerous
factors play a role in these relationships, including
{specifically for ozone) the vratioc of HC to NO; ambient
concentrations, meteorological and topographical

characteristiecs of the area, spatial location of the NOx
reductions, and others. Therefore, the relationships could
differ from one urban area to another, In addition, existing
scientific studies Qf the NOx/sulfate and NOx/ozane
relationships are limited, and their results have not yet haen
adequately reviewed -<°r 3ccepted by the scientific communiny,
An EPA~sponsored study 3f  the NOx/ozone vrelationship [
currently underway; however, the results are not yek availaole
and, in any event, are unlikely to support net increases in NOx

emissions,
As will be shown in the final section of this chapter, the

NOx standards promulgated in  the final rule will prevent
substantial growth in NOx emissions beyond current levels, but
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will not significantly decrease NOx emissions between 1982 and
the 1995-2000 time frame, Therefore, since a large reduction
in total NOx is not an issue here, neo substantial increase in
ozone or downwind sulfate is suggested. Also, the possibility
of reducing ambient ozone or sulfate concentrations by allowing
NOx emissicns to increase significankly is not now considered a
viable long-term option. To allow concentrations of one
dangerous pollutant (NO,) to increase in hopes of lessening
other pollutant levels would not appear to he wise, Instead,
EPA will most likely address the need for further ozone and
sulfate conktrol in the context of HC control strategies and

acid precipitation policy.

Several other comments were received concerning the
relationship between truck NOx emissions and acid
precipitation, The general comment from the manufacturers is
that controlling truck NOx emissions is an inappropriate way to
control acid precipitation, since it only represents a small
percentage of emissions producing acid precipitatien, GM also
cites the Ffact that nitrate is much less acidifying than

sulfate.

Environmental groups (specifically NRDC) were, in their
words, appalled .at the lack of any reference to acid
precipitation in the Draft RIA. They recognize that, overall,
S0: has more importance in terms of acid precipitation, but
insist that NOx cannot be ignored. NRDC refers specifically to
the Western U.S., where NOx contributes over half of the
aceidity in precipitation, and to such seasonal events as the

spring snowmelt, where nitrates dominate the acidity,

There has been a great deal of controversy over acid rain
in recent years as to its causes and effects, primarily due to
the complexity of the issue and the lack of substantial
clear-cut data on the subject. Although knowledge of acid
precipltation is incomplete, it is clearly becoming a problem
over widespread areas of the country,

Although NOx emissions contribute only about a third of
all acid deposition in the east,[24]) they may have a
disproportionately higher impact in terms of their effects.
For ezample, nitric acid tends to become concentrated in the
winter snowpack and is then released during the spring thaw,
creating episodic “hot spots” of acidity which unfortunately
tend to coincide with the spawning period for €fish and the
beginning of new growth for plant life.[24]

In contrast %3 tha east, N0x i3 +whe predovinant scid ;e
precursor in the western pact 2f =he Jnired Scates. Th:is .
due primarily =0 rhe wuse of 1.w-sulfur coal in wesroein
powerplants, which results in only 20 percent of annual U.3,
50; emissions being produced in the states west af ~he

Mississippi River.[24]
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Also, while 80, is primarily emitted Erom stationary
sources, NOx production is a joint mobile source/stationary
source problem, As will be shown below in Section III, motor
vehicles are tesponsible for almost one-third of nationwide NOx
emissions. In the absence of further contrels £for LDTS and
MDEs, nationwide NOx emissions will increase by 23 percent
between 1982 and 2000, With these controls, emissions will
still increase 14 percent by 2000, but will be 8 percent lower
than uncentrolled levels, which represents a significant

reduction.

Thus, at this time, it cannot be concluded that motor
vehicle NOx controls have no effect on acid precipitation. Nor
can it be stated that such controls will play a large role in
acid precipitation control policy. Identification of the most
appropriate role for motor vehicle NOx control must wait for
the completion of the in-depth evaluations of the formation,
transport, and welfare effects of acid deposition which the
Agency has underway. However, as the health effects associated
with both current and future NOXx emission levels justify Lhe
need for these standards, this rulemaking need not wait f£or the
completion of the acid deposition studies,

6., Visibility Effects

NRDC commented that NOx can play a part in visibilicey
degradation, either in the form of: NO, gas or nitrate
aerosols, They indicate that 31 percent of the light
extinction attribhuted to mobile sources in Denver in 1980 was
due to motor vehicle NOx emissions.

The effects of HNO, on visibility were examined in the
review of the NAAQS for nitrogen oxides.[25] The conclusion by
EPA at that time was that, -+although NO. does have a
visibility impact, the improvement in visual air quality to bhe
gained by reducing NQO, c¢oncentrations was uncertain at best,
Due t2 this uncertainty, NOx-related visibility impacts have
not been considered in this rulemaking. However, as the
standards being promulgated in this ruylemaking will reduce
future NO, levels in the atmosphere from what they would have
been, to the extent NO, affects visibility, Ffuture visibility

should improve,

C. Factors Specific to Diesel Parkticulate

1. Health Effects

NRDC, aleng «ith skhac arcirsnrential groups, %2ak L==0a
with how EPA characterized cfhe health effects due o diege.
particulate matter. fhey agreed with the EPA's statement =i .-
the cancer risk due Lo diesel particulace matter L
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"significant,” but emphatically disagreed with EPA's assessment
of this risk as "small."” NRDC also stated that "the proposal
notice makes no mention of the pon-carcinogenic health threat
from £ine particulate emissions.”

On the other hand, G6M and the American Trucking
Association (ATA) questioned the adverse health effects of
diesel particulate emissians. Citing studies hy the British
Medical Research Council on London bus garage workers, the
conclusions of the National Research Council's Diesel Impact
Study committee and some of their own studies, GM concludes
that there is no definite evidence to implicate diesel
emissionhs as a "serious cancer hazard." ATA feels that since
*available evidence does not indicate that diesel exhaust
particles cause human cancers," any reference to such “should
be removed Erom the record." They also question EPA's use of
relative potency analysis in determining the cancer risk
associated with diesel particulate matter.

The non-carcinogenic effects of diesel particulate matter
were detailed in both the draft RIA and the DBES.(5] These
effects are compared to the effects for other inhalable
particulate matter (PMia, particulates less than 10
micrameters in diameter), which, as opposed to TSP, appear to
be most directly related to adverse non-cancer health effects.
Based on the available data, no clear differences , in
non-carcinogenic heailth effects between ambient PM,, and fine
diesel particulate matter could be determined, though there tis
some possibility that diesel particulace may be somewhat more
hazardous. Thus, whan considering overall health impact, the
effect of diesel particulate control on PM,, levels was used
as the primary indicatoer, As the commenters submitted ne new
data to the contrary, this finding must stand.

The carcinogenic health effects associated with the diesel
particulate matter were also detailed extensively in the Draft
RIA and the DPS.[5) The studies on the London bus garage
Wworkers were reviewad in the DPS and analyzed independently by
the EPA's Carcinogen Assessment Group. Flaws in the design of
these studies caused them to be disqualified €£from Efurther
consideration in the DPS, and no new information has been
brought to light to «change that determination. Another
epidemiological study is currently being conducted by Harvard
University to evaluate the possible effect of diesel exhaust in
U.8, railroad workers, This study, referred to by NRDC, |is
described in the DPS, and will be reviewed by EPA upon 1its

completion.
EPA did Dbase i3 Jdetermination of the potential cancer

potency of diesel particulite wupon a comparative potency
analysis that assumes that the relative results of lower animal
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testing can be extrapolated to humans. While human
epldemiological data are definitely preferred, this approach is
not feasible until a reliable epidemiological study 1is
available. Until then, the relative potency analysis remains

the most reliable.

With respect to the estimated cancer risk, the approach
was taken to objectively state the risk and compare it to
others experienced by tha populace, Given thakt the risk stated
is a lifetime risk for exposure to 1995 ambient levels of
diesel particulate, the risk does not stand out and call for
control beyond that which 1is technologically feasible for
diesels., However, at the same time, the risk is not negligible
and does support the nead for some degree of control.

There was one additional comment on EPA's use of the
proposed BPM, ¢ NAAQS to assess the effect of diesel

particulate emission control, MVMA Ffeels that "it is
completely inappropriate for EPA to anticipate a PM,
standard, which has not been promulgated." They cite this as

an act of "pre-judgment and a compromise of free ideas."®

The proposed standards Eor BM,o appear in the March 20,
1984 Federal Registet, but have not yet been promulgated. Use
of this proposed MNAAQS was theought to have provided the most
appropriate means of demonstrating the impact of diesel
particulate control on human health, as the change to PM,,
from TSP was proposed to more properly farce control on those

particles affecting health, The diesel standards  being
promulgated could just as easily have been based on the current
TS8P standards. Justification of the light-duty diesel

particulate standards was based on the TSP standards, and
noncompliance with the TSP NAAQS is projected to be more
widespread than with the PM,, standards.* Thus, use of the
proposed PM,, standards provides another perspective Erom
which to assess the need for particulate control and does not
affect the result: diesel particulate control 1is justified
environmentally. The aspect affected is the precision to which
that need, and the effect of control, is identified.

2, Visibility Effects

Several comments were received pertaining to the
visibility impacts of diesel particulate matter. Based upon a
study of four cities, GM concluded that no significant impacts

* Between 105 and 329 sounkizs sre projecked ko ke e
non-attainment wr the propgosed PM,, standacd, coopase
to 300-525 ¢ccunties estimated to he in non-compliance .- 1
the current TSP standard in the 1987-89 timeframe.[25]
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on visibility due to increased diesel particulate
concentrations will occur except under strict NOx controls (1.0
g/mi for LDV, 1.2 g/mi for LDT, and 4.0 g/BHP-hr €for HDE).
They appear to have set a 5 percent reduction in visibility as
the cutoff for ‘"significant impact.* NRDC, the Colorado
Department of Health, and several private citizens mentioned
their concern about visibility, especially in the Western U.S.
NRDC emphasized that the reductions in visibility given were
only averages, and that on many days the effect could be much

worse than indicated.

The methods by which the EPA estimates the visibility
impact due to diesel particulate matter are described in detail
in Chapter 4 of the DPS.[5] These estimates are highly
dependent upon the projections of diesel particulate
emissions. EPA and GM differ substantially in this respect as
is indicated by the analysis of other GM comments earlier in
this chapter. In the case of the four cities modelled: New
York City, Los Anpngeles, Washington, DC, and Denver, GM chose
not to project any VMT growth except £or Denver, Also, a
fundamental difference lies in the value used for the critical
level o0of contrast against background required to determine
visibility. EPA used a value of 5 percent 3t airport sites for
reasons described in the DPS. If similar modelling techniques
are assumed (i.e,, Beers' Law), GM's value is closer to 0.14
percent, which is well beyond the level of contrast discernahle
by the human eye. Correcting for some of these differences and
considering thea. NOx standards being promu lgated, the
differences in the resulting estimates of the visibility
impacts can be readily explained.

The projected reductions in visibility due to diesel
particulate are annual average reductions, and it is likely
that the effects will be greater on some days and less- on
others. However, the level of sophistication of the model and
input data do not allow shorter term effects to be estimated

accurately, "

3. Seiling Effecgts

A few comments were received concerning the impacts of
soiling due to diesel particulate matter. NRDC, in particular,
cites estimates of economic costs due to soiling ranging from
hundreds of millions to billions of dollars annually. EPA has
reviewed the scientific and economic literature pertaining to
soiling from particulate matter in general, and diesel
particulate matter specifically., The estimates 3f the henafirs
Erom reduced soiling due k= Ziesel particulate cintr:sl 3hee b
Chapter B8 of the Drafit RIA were in the same range 33 the
astimates quoted by NRDC. Theretore, Lhere is generatl
concurrence on this issue.

[
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III. Emissions/Air Quality Projections

Both in response to the comments analyzed in Section II
and as part of the ongoing process of re-evaluation and
improvement of EPA's medelling efforts, EPA has revised its
projections of future NOx and diesel particulate emissions and
air quality. Several of the input parameters to EPA's models
were revised with the adoption of MOBILE3,[27] and as mentioned
eatlier, the comments received on the emissions and air quality
model inputs were also given full consideration in the
development of final estimates for each parameter.

This final section of the chapter presents these revised
projections, based on EPA's current best estimates for each of
the various input parameters. Section A will deal with the NOx
projections, followed by a discussion of the diesel particulate
analysis in Section B. In both analyses, the methodologies and
inputs are the same as those used In the NPRM analyses, except
for the input changes discussed in Section II (and detailed in
the Appendix). For information on the methodologies used, the
reader is referred to Section I 'of this Chapter and also to the
Draft RIA and the DPS.[5])

A. _ NOx Analysis

Projections of future NOx emissions and related air
quality both with and without the promulgated LDT and HDE
standards are presented below, First, the NOx analysis focuses
on emissions in key urban areas (low-altitude, high~altitude,
and California), and then moves to projections of nationwide

NOx emissions. The third part of the NOx analysis deals with

the impact of future emissions on ambient NO, levels in the
urhan areas of concern, and a final section offers EPA's
conclusions on the need for future NOx contrals.

1. Emissions in Key Urban Areas

As mentioned above, the first part of the NOx analysis
focuses on the ten urban areas shown in Table A-§ of the
Appendix, consisting of eight low-altitude and two
high~altitude cities., Also, CARB's projections for the three
California cities shown in the table (all located in the South
Coast Air Basin) are included in this discusston,

Table 4-2 presents base-year and future NOx emissions
inventories for the low- and high-altitude cities under two
future MNOx standards scenarios, "Base case" represents nn
further conkrol nf MOx, wirh a LDT standard 2f 2.3 g/mi and s
HDE standard of 10,7 3/8HP-hr. The "controlled case” refers ta
the NOx standards teing promulgated -- 1.2 g/mi and 1.7 gr/ini
for the LDT, and LDT, classes, tespectively, and HDE
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Table 4-2

Base-year and Future Urban NO% Emissions”®

(1000 tons/year)

Eight Non-California Low-=Altitude Urban Areas**

1995 : 2000
Source 1982 Base Controlled Base Controlled
LDV 281 203 203({0%)nxs 220 220(0%)**x
LDT 114 126 LOS(17%) 131 100(24%)
HDGV 42 39 35(10%) 40 34(1s5%)
HDDV 82 1486 84 (42%) 171 89(48%)
i Others 291 332 352(0%) 3gl 381(0%)
Total 810 866 779(10%) 943 824(13%)
Two Non-=Califaornia High-Altitude Urban Areas**
1995 '2000
Source 1982 Base Controlled Base Controlled
LDV 18.6 18.6 18.6(0%)*** 20.3 20.3(0%) *«=
LDT 7.5 11.4 9.4{(18%) 12.1 9,2(24%)
HDGV 2.8 2.8 2.5(11%) 3.0 2.5(17%)
HDDV 7.5 13.3 7.7(42%) 15.6 8,1(418%)
others 8.5 47.3 47.3(0%) 51.5 51.5(0%)
Total 74.7 93.4 BS5,5{B8%) 102.5 L. 6(1Ll%)

sources, due to limited air quality impact relative t=
ground-~level ssurces,
LA Includes the <=ight law-altutude and Swo high siwix, 1o
; SMSAs listed in Tiakle A-9 (FRM column),
§ xr%  Numbers in parenthesss represent reductions forom bage oade.

t .
I — . . .
I * NOx emissicns do not include those from staktlionary point

Tanbldiens o,
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standards of 6.0 g/BHP-hr in 1388, followed by 5.0 g/BHP~hr in
1991, Stationary area and off-highway scurce NOx emissicons are
included in the category "Others." In these urban projections,
stationary point source emissions are not included because of
their relatively low air quality impact per ton compared to
that of ground-level sources.

As shown, total baseline HNOx emissions in the eight
low=altitude urban areas are expected to grow by seven percent
between 1982 and 1995, with an overall increase of 16 percent
by the year 2000. As in the NPRM, the largest increase is
projected for the HDDV class, with year 2000 emissions mote
than double the 1982 levels, LDT emissions 1increase by
approximately 15 percent, while HDGV and LDV emissions decrease
without further control. (Shown graphically in Figure 4-1.)

The effect of the Einal standards Efor LDT and HDE NOx
emissions in these eight low-altitude areas is also evident
from the projections in Table 4-2, As shown, controlled NOx
emissions are estimated to be approximately 10 percent lower
than the base case in 1995, and 13 percent lower in the vyear
2000. These reductions due bto stricter LDT and HDE NOx control
result in total NOx emissions (including those from stationary
area and off-highway sources}) staying fairly constant through
the year 2000, Total emissions decrease by 4 percent in 1995
relative to 1982, and are roughly 2 percent higher than base
year in 2000, with moter vehicle emissions 18 percent lawer in
1995 and 15 percent lower in 2000 (with respect to 1982
emissions). (See Figure 4-2.) '

As shown in the bottom portion of Table 4-2, Euture
emissions growth in the high-altitude areas is projected to be
much greater than in the low-altitude cities. The difference
is not VMT growth, as the same national average rates were used
for both low and high-altitude areas; instead, growth is higher
because 'the 1,0 g/mi NOx standard on 1981 and later model year
cars (LDVs) and the 2.3 gsmi standard on LDTs (beginning in
1579) did not have as great an impact on high-alititude
emissions as they did at low altitude, This is due to the fact
that pre-control emissien rates for LDVs apnd LDTs in
high-altitude areas were lower than those in low altitudes but
controlled levels are about the same. Therefore, the smaller
impact of existing light-duty controls on high-altitude
vehicles does not outweigh the future VMT growth, as it does in
low=-altitude areas. This 1is shown 1in Table 4-2, where
base-case LDV emissions show a decrease hetween 1982 and 1995
in the low- altitude areas, but stay the same in high alkitudes.

Overall, tocal taseline NOx emissions in the rus
high-altitude areas are projected to grow by 25 percent between

1982 and 1995 (shown in Figure 4-3), compared to 7 percent in
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Figure 4-2

NOx Emissions Inventory for Eight Urban Areas
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NOx Emissions (1000 ions/year)

Fiqure 4-3
NOx Emissions Inventory for Two Urban Areas
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low altitudes. However, the promulgated LDT and HDE NOx
standards have basically the same effect on 1995 and 2000
emissions in both altitudes. This is expected because, by that
time, as mentioned above, the baseline (2.3/10.7 standards)
emission rates in low and high altitudes are quite similar.
But even with the stricter contrel on LDTs and HDEs,
high-altitude emissions are expected to grow by 14 percent
between 1982 and 1995, with a 23 percent increase by the year
2000 {(see Figure 4-4). These figures are quite large compared
te the relatively small changes from base-year levels projected
ko occur in low-altitude areas with the added control.

Projections of Future NOx emissions for the South Coast
Air Basin (the Los Angeles area) were provided by the
California Air Resources Board (CARB) and are presented in
Tahle 4-3. CARB examined three NOx standards scenarios for
Federal line-haul (Class VIIIB) diesel trucks: 10.7 g/BHP-hr
{no further control), 6.0 g/BHP-hr in 1988, and finally the 6.0
standard followed by 4.0 g/BHP-hr in 1991.* Although the
Federal standard of 5.0 being promulgated in the final rule was
not specifically examined by CARB, sufficient data was provided
to interpolate between scenarios. All scenarios assume that
only Federal line-haul trucks will cross into California (i.e.,
nane of the lighter classes).

As Table 4-3 shows, total NOx emissions (including
stationary point sources) in the SCAB are projected to be lower
than current levels in the vyear 2000, regardless of Federal
cantrol. However, based on the California State Implementation
Flan (SIP), total SCAB emissions must be at oar below 895
tons/day in order for the cities in the basin toe be in
attainment of the NO, HNAAQS. CARB projects attainment to be

achieved somekime in the late 1980s, but projects
non-attainment by 2000 due to growth unless Federal (and thus
California) engines are certified at 4.0 g/BHP-hr, However,

(though not modelled by CARB) a Federal standard of 5.0
g/BHP~-hr may rcesult in only marginal non-attainment, based on
evaluation of the relative emission totals presented in Table

4-3,
2. Natinnwide Emissions

In addition to evaluating the effect of the final

_standards on NOx emissions in these specific low-altitude,

high-altitude and California urban areas, the impact on total

" Due to provisisns of California's wailver fraom Falars!
standards, this Federal truck scenario also assules ‘i
reduction of California's standard from 5.1 =n¢ vk

g/BHP-hr,
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Figure 4-4
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Table 4-3

South Coast Alr Basin (SCAB)
NOx Projections {(tons/day)

2000 Federal HDE Std. Scenarios

Source 1983 10.7 6.0 5.0/5.0% 6.074.0
LDV 327.9 227.2 227.2 227.2 227.2
LOT 94.5 60.0 60.0 60.0 60.0
HDGV 44.2 6.1 36.1 36.1 36.1
HDDV 134.0 169.6 137.1 130.5 105.3
Off-Highway 113.0 146.5 146.5 146.5 145.5
Stat. Point 200.7 205.6 205.56 205.6 205.6
Stat. Area 98.9 .101.3 101.3 101.3 101.3
Total*s 1013.2 946.3 913.8 9507.2 882.0

Degree Above
NAAQS Attainment
Level (%)#*** 13 6 2 T | -1

The 6.0/5.0 Fedecral scenario was not examined by CARB, but
was estimated by EPA based on CARB's data; represents very

marginal nonattainment of NAAQS.
Totals are up to 2 percent greater than those provided by

L X ]

CARB, due to round-off error in recombining source
categories.

*xx The California SlP estimate is that NOx emission levels at
or below approximately 895 tons per day are necessary for
SCAB attainment of the NO; NAAQS. Based on this, the
6.0/4.0 Federal standard, which would be accompanied by a
reduction of ¢the California standard from 5.1 to 4.0,
allows the SCAB to stay in attainment in 2000, (Initial
attainment is projected for the late 1980's, regardless of
Federal control.) .

Sogurce:! California Air Resources Board, Mike Sheible,

January 22, 1985, phone conversation.
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nationwide NOX emissions was .also determined. This larger
scale analysis can be especially useful in evaluating the
secondary effects of NOx control, such as acid rain formation.
Because nationwide projections were not ingluded in the NPRM, a
btief explanation of the methodology used is in order.

Projections for the nation {48 continental states) are
made using base-year jnventories Efrom the National Emissions
Data System (NEDS).*[l] Motor wvehicle inventories are adjusted
for future VMT growth and emission control using nationwide
avarage VMT growth rates from the MOBILE3 Fuel - Consumpktion
Model {shown in Table A-7) and MOBILE3 emissicnh factor ratios
for the various standard scenarios, Current emissions from
other souyrces are adjusted using assumpkions also shown in
Table A-7.(21,28] In this nationwide analysis, stationary
point sources are included due to the larger scale regional
concerns usually associated with secondary NOx effects.

These nationwide NOx projections are shown in Table 4-4
and in Flgures 4-5 and 4-6; these "bhase" and "controlled" cases
refer to the same standards scenarios described earlier. As
shown, without Eurther LDT and HDE control, total nationwide
NOx emissions are projected to grow by 13 percent between 1982
and 1995, with a 23 percent increase by the year 2000.
However, with the final LDT and HDE standards in place, growth
during the same periods is estimated to he &6 and 14 percent,
respectively, or an overall reduction of 6-8 percent from
future uncontrolled emissions.

3. Alc Quality

Using the roliback model and input data described in the
Draft RIA and Section II above, the effect of the f£inal NOx
standards on ambient NO: concentrations was evaluated for the
eight low-altitude and two high-altitude urban areas mentioned
earlier. Table 4-5 presents the results of this evaluatien,
comparing projected NO, NAAQS attainment status under both
the promulgated standards and the baseline case. Because the
rollback approach was used, the percent change in ambient NO,
concentraktion tracks the change in NOx emissions (excluding
point sources), which have already been described above.

" Because the NEDS weaknesses exist primarily in the
apportionment of VMT to individual counties and do not
apply to statewide totals, the methodologies wused to
calculate nationwide HNOXx inventories are appropriate £ar
use in this park of rhe 3nalysis.
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Table 4-4

Total Nationwide NOx Emissions
(1000 tans/year)

1995 2000

Source 1982 _ Base Cantrolled Base Controlled
Lov 1,082 2,204 2,204¢ 0%)* 2,422 2,422( 0%)*
Lot 1,134 1,249 1,038(17%) 1L,302 989(24%)
HDGV 466 415 368(11%) 420 357(15%)
HDDV 2,258 3,296 1,903(42%) 3,699 1,925(48%)
On-Highway
Vehicles
(subtotal) 6,938 7,164 5,513(23%) 7,843 5,693(27%)
Stationary Area 241 241 24L( 0%) 241 241( 0%)
Combustion 3,013 3,342 3,342( 0%) 3,478 31,478( 0%)
QfE€-Highway 1,941 2,677 2,677(¢ 0%) 1029 3,029( 0%)
Stationary

Point 10,847 12,583 L2,583¢ 0%) 13,776 L13,776( 0%)
Total 22,98t 26,007 24,358( 6%) 28,367 26,217( 8%)

. Figures

in parentheses

indicate reductions €rom base case.
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Figure 4-6

TOTAL NOx EMISSIONS — NATIONWIDE
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Table 4-5

Average Percent Change in NOx Emissions and
Ambient NO, Concentraticns from the Base Year (1982)*

Base Case:
(2.3710.7)

Controlled Case:
(L.271.7; 6.0/5,0)

Base Case:
{(2.3/710.7)

Controlled Case:
(l.27/1.7; 6.0/5.0)

Eight Low-Altitude Areasgs**

1950 1995 2000
-1 +6 +16
-6 -5 +1

Two High-Altitude Areagk»

1990 1995 2000

+13 +26 +39
+9 +15 +24

Stationary point sources are not

reductions.

Negative valuge denotes a decrease;

an increase,

included in the emission

pasitive value denotes
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Table 4-6 estimates the number of Standard Metropolitan
Statistical Areas (SMSAs), or urban areas, projected to be
above the ambient NO, standard of 0.053 ppm in several
projection years. It should be noted that actual number of
non-attainment areas shown is not to be taken as absolute, as
projections of this type are difficult to make. Rather, the
relative number of exceedances is more appropriate  as a means
of evaluating the relative impact of a particular control
scenario. As shown, two of the three non-California areas fall
into attainment with the final standards in place, with the
three California cities predicted to be 1in only marginal
non-attainment in the year 2000,

4, Conclusicns

It is against the background of the above projections Lthat
EPA must evaluate the comments by manufacturers that there is
insufficient need for NOx control to justify the proposed
standards for light-duty trucks and heavy-duty engines, Even
with the revised input data that project lower future
emissions, overall growth in Future NOx is still projected to
be significant for both the nation as a whele and for the urhan
areas of concern, The same basic need for further NOx control
demonstrated in the proposal still exists, and current action
is necessary 1if future problems are to be dealt with

effectively.

The statutory provisions of Section 202(a)(3)(E) allowing
EPA to relax the NOX standards based wupon air quality
considerations place a positive burden on Lthe Agency to
substantiate a lack of need for more stringent levels. Based
upon its projections of future emissions and their relationship
to both the attainment of the WNational Ambient Air Quality
Standard and to other actual or potential secondary impacts,
EPA finds it impossible te make such a statement at this time.
Therefore, the standards promulgated in the E£inal rule have
been developed under the provisicns of Section
202(a)(3)(B)-(D), which provide for setting standards based
upon those levels which do net increase cost or decrease fuel
econamy toe an excessive and unreascnable degree.

B. Piesel Particulate Analysis

Revised projections of diesel particulate emissions and
related impacts are presented in the following paragraphs. The
analysis begins with urban emissions projections both with ind
without the promuljated HDE control, feollowed by a discuss; n
of the impact 2f *“hesze dissel particulakte emissions n +oun
air aquality. The final section deals with the healrn: .}
welfare impacts of Jiesel particulate exposure, including
non-cancer and carcinogenic health affects, visibiiiny
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Table 4-6

Number of SMSAs Projected to Exceed the NO,
Ambient Air Quality Standard

1984 1950 995 2000
Base Case: (2,3/10.7)
Low Altitude 0 0 1 1
High Altitude 0 1 2 2
Califotnia 1= 1] a 3
Total 1 1 3 6

Controlled Case: (l.2/1.7; 6.0/5.0)

Low Altitude 0 1] 0 0
High Altitude 0 1 1 1
Califotnia 1= Q i} 3
Total 1 1 1 q
. Los Angeles is the only SMSA currently in non-attainment

of the NO, NAAQS,
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reduction, and soiling. Unless specified, the analyses
presanted below utilize the methodology outlined in the Draft
RIA, as modified in Section [I above,

1. Urban Emissions

Unlike NOx, diesel particulate is modelled for urban areas
across the nation in aggregate, without focus on particular
cities. This is done because violaticon of the NAARS for
particulate is more widespread than it is for NOx, The final
diesel particulate emissions projections are presented in Table
4-7. The two future scenarios shown differ only in the HDDV
standards assumed; for light-duty diesels, the standards that
are currently set to come into effect with the 1987 model year
-= 0.20 and 0.26 g/mi for LDDVs and LDDTs, respectively -- are
assumed. The "base" scenario represenks no further control of
HDDV particulate emissions, assuming uncontrolled emissions at
0.70 grams per brake~horsepower-hour {g/BHP-hr). The
*controlled" c¢ase 1is based on the HDDV standards being
promulgated in this rulemaking -- 0.60 in 1988, followed by
0.25 in 1991 and 0.10 g/BHP~hr in 19%4, {Urban diesel buses
will be subject to the 0.10 g/BHP-hr standard in 1991.)

As Table 4-7 indicates, urban diesel particulate emissions
ate projected ko grow to twice the current levels by the year
2000 if no further HDDV controls are imposed {(shown graphically
in- " Figure 4-7)}. It is this HDDV category that makes up the
majority of the total emissions, representing B84 percent tin
1984 and 63 percent of the total in 2000. (This decrease 1in
heavy~-duty share occurs as the diesel penetration of the
light~duty market increases.} Table 4-7 also includes a
breakdown by class of the HDDV emissions, which shows that
line-haul (Class VIIIB) diesels make up almost half of total
HDDV emissions in 2000,

The effect of HDDV and urban bus control is significant,
with the combined 1988/91/94 standards Dbringing about an
estimated 46 percent decrease from the base {(uncontrolled) case
in the year 2000. This level of control essentially prevents
significant growth beyond current levels, with about an 11
percent increase projected between 1984 and 2000 (see Figure

4-B).

The more stringent control (0.10 g/BHP-hr standard) ot
urban buses, beginning with 1991 models, and of othar
heavy-duty classes in 1994 is a substantial portion of this

overall impact on emissions by ¢the year 2000, The 0.10
g/BHP-hr standard sccounts £ar 23 percent 2f the reducti:n in
emissions from uncentrolied levels. Fram another perspecht:iva,

if the 1994 0,10 standacd were not implementad and the v..%

standard simply continued on through 2000 for both buses and
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Table 4-7

Bage-year and Future Urban Diesel Particulate
Eniasions (tons/year)*

1995 HDIV Scenarics 2000 HDIV Scenarios
Vehicle 1984 Base Controlled Base Controlled
Classes lLevels. (0.70) (0.60/.25/.10) (Q,70) (0.60/.25/.10)

LoV 5,699 (L1%)** 13,392 (158) 13,392 (23%) 19,700 (18%) 19,700 (333)
LopT 2,492 (5%) 13,072 (15%) 13,072 (23%) 20,713 (19%) 20,713 (35%)
HODV 45,018 (B4%) 61,485 (70%) 30,767 (54%) 68,528 (63%) 18,903 (32%)

Total  53,209(100%) B87,949(100%) 57,231.(100%) 108,941(100%) 59,316(100%)

Rreakdown of HODV Enissions {vons/year)*

1995 HDW Scenarios 2000 HDEM Scenarios
Vehicle 1984 RBase Concrolied Rase Controlled
Classes lLavels (9.70) {0.60/.25/.10) {0,70) {0.60/.25/.10)
20=-887  15,427(34%)%* 24 ,062{39%) 12,3559{40%) 27,343(40%) 7,541(40%)
a5 21,B8L1(49%) 26,710(44%) 13, 790(45%) 28,909(42%) B, 146(43%})
Buses 7,780(17%) 10,713{17%} 4,622(15%) 12,276(18%) 3,216(17%)

Total  45,01L8(100%)  61,485(L00%) 30,767(L00%) 68,528(100%)  18,903(L00%)

* "Beat estimate" diesel sales fracvions, shown in Table A-5, are assumed.

**  PFigures in parencheses indicate percenc of total.
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trucks, total diesel particulate emissions in the year 2000
would he approximately 33 percent higher than in 1982; however,
with the £inal more stringent standards, growth during this
period is constrained to an estimated 1l percent.

The emissions projections presented in Table 4~-7 are based
upon EPA's best estimates for the wvarious input parameters;
however, hecause of the difficulty in projecting future diesel
penetration into the light-duty markets, a sensitivity analysis
was performed. Instead of assuming that light-duty diesel
production will continue to grow through 1995 ({(as in the "Best
Estimate" analysis), another case was examined wherein 1990
levels of 5 percent and 15 percent diesel penetration nf the
LDV and LDT markets, respectively, was assumed to continue
through the year 2000. (Best estimates o©f heavy-duty diesel
penetration -- less difficult to predict -- were used in both
cases.) Results of the sensitivity analysis are presented in

Table 4-8.

As indicated, the wuse of the lower future diesel
penetrations results in a 29-30 percent decrease in light-duty
emissions in 1995 and a 47-50 percent decrease in the vyear
2000, in comparison to best estimate projections for the same
two years. With respect to total diesel particulate emissions
under the "Low Penetration" scenpario, assuming no further
control, growth between 1984 and 2000 world still bhe
significant at 68 percent (compared to 10S percent assuming
"Best Estimate Penetration"). With imposition of the
1988/91/94 standards on HDDVs, assuming lew diesel penetration,
year 2000 emissions would be approximately 25 percent lower
than current levels (compared to the 1l percent increase over
current levels projected using best estimates of light-duty

diesel penetration),

2. Air Quality

The impact of growth in diesel particulate emissions on
urhan air quality is significant, as shown 1in Table 4-9.
Current ambient diesel! particulate concentrations 1in large
cities are projected to grow from an average of -3 ug/m' to
levels of 3-7 ug/m' by the year 2000 with no Ffurther control
on HPDVs (using best estimate assumptions). With the standards
promulgated in the final rule, diesel particulate
concentrations in large cities will be reduced to 1.5-4 ug/m'
(best estimates), a reduction to almost half of baseline

concentrations.

3. Haalth and YWelfsre Effacts

As discussed in the DJrafr RIA and the DPS, (5] exposure ta
diesel particulate emissions has an impact on these four
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Table 4-8

Sensikivity Analysis of Lighb-Duty Diesel Penetration

Urban Diesel Particulate Emissions (1000 tons/year)x

1985 2000

Vehicle 1984 Best Low Best Low
Class Levels Estimate Growth Estimate Growth
LDDV 5.7 13.4 9.4 19.7 9.9
LobT 2.5 13.1 9.3 20.7 11.0
HDDY ** 45.0 6l.5 61.5 68.6 68.6
TOTAL 53.2 8.0 BO.2 109.0 89.5
& Standards scenario: no furthar HDBV control (0.7

g/BHP~hr) . LDDbY and LDDPT emissions do not change with

heavy-duty control scenario.

HDDV class

includes buses.
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Tabie 4~9

Effect of Diesel Particulate Conerol on Urban Air Qualicy*

Thral Niesel Particulate Concencrarion (ug/m3)

1995+ 2000%*
1984 Zase Controlled Bage Controlled
Anbient Urban Concentrationg***
Clry Popularion:
Greacer than 1,000,000 L.3-3.0 2,3-5,5 1.5-3.6 2.9=-6.8 1.6=3,7
500,000 - 1,000,000 0,8-2,0 1.5-3.6 1.0-2.4 2.0-4.6 L.1-2.5
250,000 - 500,000 1.0-1,6 L.B=3,0 1.2-2.0 2,2=3.7 1.2=2.0
100,000 - 250,000 0.7-L.7 1.2-3.2 0.8-2.1 1.5-4.0 0.8-2,2
Annual Average Exposure to 11.S. Urban Mwellers
TOTAL 2.4 4.4 2.9 5.5 3.0
Microscale Concencrations
Foadway Tunnel:
Typical k] 9L 60 105 57
Severe 159 231 152 266 L45
Screet Canyon:
Typical 2 3 2 4 2
Severe 16 23 15 26 4
On Expressway:
Typical 7 1l 7 LL &
Severe 28 4L 27 43 25
Beside Expressway : 6 9 6 9 5
» Based on beat-estimacte projections.

**  Control effectivaness is approximacely 35% in 1995 and 46% in 2000,
*** Ranges are average values plus and minug one standard deviacion.
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areas: 1) non-cancer health effects, 2) carcinogenic health
effects, 3) visibility, and 4) seciling,

a. Non~-Cancer Health Effects

Particulate matter in general has long been regarded as
hazardous to human health. EPA recognized this danger and
established an NAAQS for total suspended particulate (TSP) as
early as 1971, As discussed in Section II, EPA has proposed an
ambient standard that will focus on inhalable particles (i.e.,
those with diameters of 10 microns or less (PM;.)), because
it is this fraction that appears to be responsible Eor most of
the human health effects associated with TSP.

As mentioned earlier, diesel particulates fall easily into
the PM., categoty, as the majority are classified as fine
particulate (less than 2.5 microns in diameter). Although a
large body of data has been developed regarding Lthe health
effects of inhalable particulate matter, research limited
specifically to diesel particulate 1is relatively new and
somewhat inconclusive, An analysis of the available data
indicates that,  until more 1is known, diesel particulate
generally should be regarded as being equivalent to other forms
of inhalable particulate matter in terms of the hazard it
presents to human health, although there is a possibility it
may be somewhat more hazardous.(5] It should be pointed out,
however, that even if regarded as posing the same hazard,
diesel particulate is emitted directly into the breathing zone,
rather than from tall stacks that would promote dispersion.
Thus, the potential for human exposure is maximized,

Two basic concerns exist with respect to the health risk
posed by inhalable particulate in general. First, inhalable
particulates are small enough so that they are not as readily
prevented by the natural body defenses from reaching the lower
respiratory tract, as wou ld coarser particles. Fine
particulate matter can penetrate to the alveoli, or deepest
recesses of the lungs, where the oxygen/carbon dioxide exchange
takes place with the circulatory system,[29] The body requires
moncths or years to clear foreign matter from the alveolar
region, as opposed to hours or days to clear the upper
respiratory system, The second concern is that inhalable
particulate may bhe composed of toxic materials or may have
hazardous materials adsorbed onto its sutface.

The most obvious non-cancer health effect of an inhalable
particulate, such as that produced by diesels, is injury to the

surfaces of the raospiriftary system, which could rasul:  in
reduced lung ctuncti:n, bronchitis or chronic respiratory
symptoms. The hazardous chemicals that may be associated with

particulate matter (e.g., organic compounds, lead, antimony,
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gtc.) can either react with lung tissue or be transported to
other parts of the body by the circulatory system, Particulate
matter may also weaken the resistance of the body to infection
and there are indications that it reacts adversely in
conjunction with other atmospheric pollutants. For example,
studies in London, New York, Buffalo, and Nashville have found
an increase in the mortality rate, especially amang older
persons, when high particulate levels were accompanied by high
sulfur dioxide levels.[30]

From the above discussion, it 1is clear that inhalable
particulate matter (PM,q.) has been linked directly with a
myriad of adverse non-cancer health effects, and it is based on
this informaticn that EPA has proposed the NAAQS for PM,yq.
Also, diesel pacticles are all inhalable particulate and,
therefore, can potentially represent the same cgoncern, This
relationship can be used to assess the overall benefits of
controlling HDDV diesel particulate,.

As stated in the Draft RIA for the PM,, NAAQS, 105-329
counties are projected to be in non-attainment of the range of
primary PM,, standards being considered for 1989.[26] Even
after reasonable non-mobile source emission controls are
implemented, numerous violations of the NAAQS are still
projected to occcur, As shown in Table 4-3, if no further HDDV
controls were implemented, annual average exposure to diesel
pactticulate for |urban dwellers would be at a lavel of
approximately 5.5 ug/m' in the year 2000, or about 10 percent
of the suggested ?PM,, NAAQS. = Promulgation of the HDOV
standards is projected to rceduce this exposure to about 3.0
ug/m’', thecrefore playing an important cole in reducing urban
PMia exposure. Furthermore, the resulting reduction in
diesel particulate emissions within urban areas that continue
to violate the suggested PM,, NAAQS will directly reduce the
non-cancer health ef feckts associated with « inhalable

particulates in general.

b. Carcinogenic Health Effects

A number of studies have concluded that exposure to diesel
particulate probably poses an additional risk of acquiring lung
cancer. EBA surveyed these studies and develuped
scenatio-specific risk factors for lung cancer incidence,
taking into account the relative reduction of compounds
producing the cancer-risk with respect to reductions in total
diesel particulate.[5] Table 4-10 shows the resultant cance:
risk estimates associated with diesel particulate for baxh -t..
hase-case and the eontrolled-csse  aoenarica ilang te
astimated risks from othar  known  carcinogens, shown
purposes of comparisun,
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Tahle 4-10

Comparison of Risks from Various Sources

Estimated Annual Risk Exposed
Sources of Risk {risk/pecson-year) Population

Commonplace Risks of Deakch

Motor Vehicle Accident 222.0 x 10°¢ Entire U,S.

prowning 26.0 x 10°° Entire U.S.

Burns 2.0 x 10°° Entire U,S.

Tornados, Fleoods, Light- 2.0 x 10°° Entire U.S,
ning, Hurricanes, etgc.

Risks of Cancer Incidence

Diesel Particulate (1995): Urban U.S.
Base Scenario 1.2 x 10°% - 6.2 2 107"

Controlled Scenario 0.8 x 107 - 4.1 x lo°"

Diesel Particulate (2000): Urban U.S
Base Scenarioc L.5 x lo~* 7.7 x 10°°
Controlled Scenario 0.8 x 107" 4.2 x 107"

Natural Background Radi- 20.0 x Lo°" Entire U.S.
ation (sea level)

Average Diagnostic Medical 30.0 x 10°° Widespread
X-Rays in the U.S.

Frequent Airline Passenger 10,0 x t0o°" Limited
(4 hours per week
Elying) ’

Four Tablespoons Peanut 8.0 x 10°° Faircly
Butkter Per Day (due to Widespread
presence of aflatoxin)

Ethylene Dibromide 4,2 x 1¢°° Widespread

One 12-Ounce Diat 2.6 x 10°° Widespread
Drink Per Day

Arsenic 1.7 x 10°° 1% of U.S,

Miami or New Orleans 1.0 x 10°° Southecn
Drinking Water (due U.S8,, Urban
to presence of chloroform)

Lung Cancers: Entire U.S,
For Smekers Due to 419.0 x lo°*

Smoking
For General Population 71.9 x 10°"

Due to Causes QOther
Than 3moking
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The data indicate that while the risk of contracting lung
cancer is greatest from smoking, exposure Lo diesel particulate
may repregsent a significant portion of all non-smoking-related
lung cancer,. The upper limit of the uncontrolled (base)
scenario in 2000 would represent almost eight individuals in a
million, or L0 percent of all non-smoking-related lung cancer
in the U.S. The lower limit still represents over one in a
million individuals, which has been used in the past by
regulateory agencies as a cut-off point for determining the need
for control. Thus, as indicated in the NPRM, Table 4-10 shows
that a relatively small but significant cancer risk may be
attributable to diesel particulate exposures, The promulgated
HDDV controls are estimated to reduce this risk by almost

one-half in the year 2000.

c. Visibility Effects

Reduced visibility is one of the more readily apparent
effects of diesel particulate. Because diesel particles are of
4 diameter most effective in scattering light and their £5-80
percent carbon content produces a high degree of light
absotption, visibility reducktion results,

Table 4-11 presents the estimated visibility impacts of
the base- and controlled-case scenarics in terms of the average
percent reduction due to diesel parcticulates in- 1995 and 2000
urbhan visibility from early 1970's levels., As shown, in the
absenca o0f controls, increases in diesel particulate levels
will result in reduced visibility, ranging from a 22 percent
reduction in largest cities, ta 4-9 percent decreases for less
populous wurban areas in the year 2000, HDDV contral is
projected to cut these visibility reductions to 12 percent in
the largest cities, and to 2-% percent in smaller urhan areas.
The controlled-case scenario thus offers a 2-10 percent
improvement in vigibility over the base~case scenario,
depending on the size of the city. Tne lower limit of this

impact (i.e., the effect for smaller cities), may not be
perceptible, However, the effect for large cities would show a
noticeable improvement in visibility. The promulgated

standards, therefore, will provide an overall henefit that
would be most apparent in the areas where it was most needed.

d. Spiling Effects

In a review of the scientific literatura, the DPS[{5] Efcund
some evidence suqqest{nq that because of its black calor and

0oily nature, diesel particulate may have a3 disproportianate
effect on soiling c:orpared to the effect 3f cther hypex -F
particulace (i.e,, diesel particulate would produce oote
soiling than TSP -~n 3 jJram-for-gram basis). The black <sior

may make the soiling more apparent to the observer and the iiy
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Table 4-11
Average Reduction in Visibility

Due to Diesel Particulate
{percent reducticns from base-year visibility)

1585 2000
City Size (population) Base Controlled Base Controlled
More than 1,000,000 18 12 22 12
SO0,00d—l.OO0,000 7 5 g 5
250,000-500,000 5 3 7 4

100,000-250,000 3 2 4 2
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nature may make it more difficult to- clean. The net effect
would be to increase costs to the general public for more
frequent and more thorough cleaning events.. However, hecause
of the paucity of scientific data on the physical soiling
affects of diesel particulate and TSP, no definitive statement
of these relationships can be made at this time,

There is a somewhat larger body of literakture available
regarding the costs associated with various levels of soiling.
Summaries of this economic literature can be found in an EPA
reporck regarding the benefits associated with diesel
particulate control,{31] and in the Draft RIA. These reports
conclude that there are significant economic benefits L6 be
gained from control of diesel particulates with respect to

soiling.
4. Conclusions

Based on the above projections, EPA believes that diesel
particulate emissions are a serious environmental concern with
respect to their impact on various health and welfare aspects.
It seems apparent that significant reductions {n heavy-duty
diese]l emissions are an essential element in dealing with this
environmental problem, The stringent controls on heavy-duty
diesels and urban buses being promulgated in the final rule are
viewed as effective means of reducing the Ffuture growth in

particulate emissions,



L e

4-52
References

1. "National Emissions Report," National Emissions Data
System of the Aerometric and Emissions Reporting System, U.S.
EPA/CAWM/0AQPS/NADB/MDAD.

2. "User's Guide to MOBILE2 (Mobile Soutce Emissions
Model),"™ U.S. EPA/OAR/OMS/ECTD/TEB, EPA-460/3~81-006, 198l.

3. "Compilation of Air Pollution Emission PFactors:
Highway Mobile Sources," U.S. £PA, EPA-460/3-81-005, March 1981,

4, "Rollback Modelling: Basic and Modified," Joutnal
the Air Pollution Control Association, DeNevers, N. an
Drﬁ?; VOI.. 2_5;' No, 9; 1975,

5. "Diesel Particulate Study," U.S. EPA/OAR/OMS/ECTD/
SDSBE, QOctober L9B83.

IO
=

=

6. "A Comparative Potency Method Ffor Cancer Risk
Assessment: application to Diesel Particulate Emissions,"
Albert, R. BE., E. Lewtas, 8. Nesnow, T.W. Thorsland, and E,
Anderson, submitted to Risk Analysis, 1982,

N "The Highway Fuel Consumption Model: Tenth
Quarterly Report," Energy and Environmental Analysis, Inc., for
U.S. Department of Energy, November 1983,

8, EPA Technical Report, "Motor Vehicle NOx
Inventories," Amy Brochu and Dale Rothman, EPA-AA-SDS5BE-85-03,
November 1984, draft.

9. EPA Technical Report, "Motor Vehicle NOx
Inventories," Amy Brochu and Dale Rothman, EPA-AA-SDSB-85-3,
March 1985, final.

10. EPA Technical Report, "Heavy-Duty Vehicle Emission
Conversion  Factors, 1962-1997," Mahlon c. smith, v,
EPA-~AA-SDSB-84-1, August 1984,

11. "1982 Highway Statistics," Federal Highway
Administration, Uu.s. Depactment of Transportation,
FHWA-HP-H5-82,

12, Argonne WNational Laboratory's ANL-83 Projections,
provided to Jim DeMocker, U.S. EPA, OAR, as part of initial
NAPAP raview, January 1985.

13, "The Highway Fuel Consumption Model: Eighth
Quarterly Report," Energy and Environmental Analysis, Inc., for
U.5. Department of Energy, July 1982,



4-53

14. "GM Challenges EPA Concern with Future
NOx/Particulate Emissions," J.E. MNolan and FE.J. Neiderbuehl,
General Motors Corporation, The Environmental Forum, November

1984,

15, 1980 OBBERS: BEA Regignal Projections, Bureau of
Economic Analysis, U.S. Department of Commerce, washington, DC,
July 1981.

16, Letter to Mr., T.M. PFisher, Director, Automotive
Emission Contrel, General Motors, Ffrom Richard D. Wilson,
Director, OQffice of Mobile Sources, OAR, U.S. EPBA, April 11,
1384,

17. Letter to Mr. T.M. Pisher, Director, Automotive
Emission Control, General Motors, Erom Richard D. Wilson,
Director, Office of Mobile Sources, OAR, U.S. EPA, September
25, 1984.

18, "Bffect of Source Growth on Annpual NOj Air Quality
in urban Areas," T.¥Y. Chang, Ford Motor Company, APCA Journal,
Vol. 32, No. 5, May 1982.

19. EPA Memorandum, "0ff-Highway NOx Inventory
Development: NEDS Methodoloqy," Charles L. Gray, Jr., Emission
Control Technology Divisien, to Richard D. Wilson, Office of
Mcbile Sources, March 5, 1985,

20, EPA  Memorandum, "Statiocnary Area  Source NOx
Inventory Development: NEDS Methodology," Dale S. Rothman,
Emission Control Technology Division, to Richard D. Wilson,
Office of Mobile Sources, March 1985. .

21, Methodology Lo Conduct Air Quality Assessments of
National Moblle Source Emisslon Conttfol sStrafegies: Final

Report, EPA-d50/4-80-026, Enecgy and Environmental Analysis,
Inc,, Arlington, VA-. (Prepared for U. 8. EPA, Research

Triangle Park, NC), October 1980,

22, EPA Memorandum, "1981-83 SMSA Air Quality Data Base
for WNitrogen Dioxide," Richard G. Rhoads, Monitoring and Data
Analysis ©bivision, to Charles L., Gray, Emission Control
Technology Division, January 11, 1985.

23. EPA Memorandum, "Comparison of Diesel Particulate
and NOx Inventories: MOBILE3 vs. NPRM," Amy Brochu, Standards
Development and Support Branch, to Charles L. Gray, Jt.,
Emission Control Technology Division, September 27, 1984,



1-54

24, "Briefing Document” prepared for EPA Administrator
william D. Ruckelshaus by EPA's Acid Deposition Task Force,
August 1, 1983, excerpted in the Environmental Reporter,

September 2, 1983, pp. 754-56,.

25, "Review oF the National Ambient Air Quality
Standards of Nitrogen Oxides: Assessment of Scientifie and
Technical Information--CAQPS Staff Paper,"” EPA-450/5-82-002,
U.S. EPA, Research Triangle Park, NC.

26. "Regulatory Impact Analysis on kthe National Ambient
Air Duality Standards for Particulate Matter,”" U.S5. EPA, OQANR,
SASD, Research Triangle Park, February 21, 1984.

27, "User's ©Guide to MOBILE3 (Mobile Source Emissions
Model), " U.S. EPA/CAR/OMS/ECTD/TEB, EPA-460/3-84-02, June 1984,

28, Memo randum, "Summatry Emission and Fuel Use Forecasts
for the Industrial Sector: Base Case for EPA Emission
Reduction Analyses," Craig D. Ebert, ICF, Inec., to Jeannie
Austin, OPA, U.S. EPA, Washington D.C., November 12, 1982.

29, “Controlling Airborne Particles,” Committee on
Particulate Control Technology, Mational Academy of Sciences,
Washington, DC, 1980. : :

30. “Health Effects of Air Pollutants," U.S. EPa,
Washington, DC, June 1976.

31. "Health, Soiling, and Visibility Benefits of
Alternative Mobile Source Diesel Particulate Standards," Final
Repark, EPA Contract No. 68-01-6596, Mathtech, [nec,, Princeton,
NJ, December 1983.



APPENDIX

Tables A-1 through A-10)

{Input Information:

Meemsbebiading a0



U

Source

LDV
~Gas
-Diesel

LDT
-Gayg
-Diesel

HDGY

HDDV

Buses
~-Gas
~-Diesel

Total

Table A-1

UJ,8. Urban VMT* (billions of miles/year)

Years

1982 1984 1993 2000
604.15 629,25 7715.36 B41.77
580.65 614.71 722.19 755.43
13.50 14.54 53.17 82,34
169.82 179.52 225.43 246.36
166.23 172,90 181.73 177,25
3.59 6.62 43.70 69,11
35.74 35,80 17.44 39.64
16.55 18.28 30.48 35.11
3.57 3.76 5.03 5.75
1.22 1,23 1.37 1.50
2,35 2.53 3.66 4,25
829.85 B66,61L 1073.74 1168.63

* Based on MOBILEY Fuel Consumption Model, January 21, 1985.
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Urban Fraction of VMT - HDDV*

Table A-2

Model Year 2B 3-5 6 7 8A A8
2000 0.633 0.633 0.473 0.396 0.394 0.178
1899 0.633 0.633 0.473 0.396 0.394 0.176
1998 0.633 0.633 0.473 0.396 0.394 0.176
1997 0.633 0.633 0.473 0.396 0,394 0.176
1996 0.633 0.633 0.470 ¢.395 0.388 0.176
1895 0.633 0.633 0.466 0.394 0,382 0.176
1994 0.633 0.633 0.463 0,394 0.377 0.176
1993 0.633 0.633 0.459 0.393 0.372 0.176
1592 0.633 0.633 0.456 0.392 0.366 0.176
1991 0.633 0.633 0.455% 0.391 0,365 0.178
1990 0.633 0.633 0.454 G.390 0.363 0.176
1949 0.6323 0,633 0.454 0,389 0,362 0.178
1988 0.633 0.633 0.453 0.388 0.360 g.176
1987 0.633 0.633 0.452 0.387 0.359 G.176
1986 0.633 0.633 0.451 0.387 0.3259 0,176
1985 0.633 0.633 0.450 0.386 0.359 0.176
1984 0.633 0.633 0.449 0.386 0.359 0.176
1983 0,633 0.633 0.448 0.385 0.359 N.178
l982 0.633 0,633 0.447 ¢.385% 0.359 0.176
1981 0.632 0.632 0.443 0.383 0.359 0.1%78
1980 0,632 0,632 0.439 0.382 0.359 0.176
1979 0.631 0.631 g.436 0.38¢ 0.258 0.176
1978 0.631 0.631 0.432 0.379 0,358 0.17a
1977 0.630 0.630 0.428 0.377 0.358 0.176
1978 0.630 0.590 0.430 0.370 0.300" 0.176
1975 0.630 0.550 0.430 0.350 0.241 0.176
1974 0.630 0.550 0.430 0,340 0.241 0.176
1973 0.630 0.550 0.420 0.340 0.2491 0.176
1972 0.630 0.550 0.420 0.330 0.2491 . 0.176
1971 8.630 0.550 0.420 0.330 0.241 4.176
1970 0.630 0.550 0.420 0.330 0.241 0,176
1969 0.630 0.5540 0.4284 0.330 0.250 n.176
1968 0.630 0.350 0.420 0.340 0.259 n.lL74
1367 0.630 2.550 0.420 0.340 0.268 0,176
1566 0.6a340 0.550 0.420 0.340 0.268 G.17%
1965 0.630 0.550 0.420 0.350 0.268 N, 17y
« Used in MOBILE3 Fuel Consumption Model Eto convert

nationwide VMT into urban VMT;

factor analysis.

based on MOBILE2 conversion



Table A-3

Urban Fracticn of VMT - HDGV*

Model Year 2B 3-5 6 7 a
2000 0.710 0,710 0.829 . 0,775 0.850
1999 g.710 g,710 0,829 0.775 0.850
1998 0.710 0.710 0.829 0.775 0,850
1997 0.710 0,710 0.829 0,775 0.850
1596 0.709 §.709 0.819 0.787 0,850
1995 0.707 0.707 0.809 0.759 0,850
1994 0.706 8.7086 0.799 0.751 0.850
1593 0.704 0.704 0.789 0.743 0.850
1992 0.703 0,703 0.779 0.735 0.850
1891 0.702 0.702 0.772 0.733 0.850
1950 0.701L 0.701 0.765 0.730 0.850
1989 0.699 0.699 0.757 0.724 0,850
1938 0.698 0.698 0.750 D.725 0.850
1987 0.697 0.697 0,743 0.723 0.850
1984 0.695 0,695 0.732 0.715 0.826
1985 0.693 0.693 0.721 0.706 0.801
1084 0.691 0.691 0,709 0.698 0.777
1983 0D.689 0.689 0.698 0.689 0.752
1982 0.687 0,687 Q0.687 0.681 0,728
1981 0.688 0.688 0.680 0.670 0.708
1980 0.689 0,689 0.674 0.660 0.68¢%
1979 0.689 0,689 0.667 0.650 0,669
1978 0.690 0.650 0.660 0.640 0.650
1977 0.690 0.6%0 0.560 $.630 "0.630
1976 ’ 0.650 0.685 0.660 0,630 0.580
1975 0.690 0.680 0.660 0.630 0.530
1974 0.690 0.680 0.660 0.630 0.560
19173 0.690 0,680 0.660 0,630 0.590
1972 0.690 0.680 0.660 0.630 0.620
1971 D.690 0.680 0,660 0.630 0.610
1970 0.690 0,680 0.660 0.630 0.600
1969 0.690 0,680 0.660 0,630 0.600
1968 0.630 0.680 0.660 0.630 0.590
1967 0.690 0,680 0.660 0,630 0.590
1966 0.690 0.680 0.660 0.&a30 0.590
1965 0.690 0.680 3.660 0.630 0.590
" Used imn MOBILE3I Fuel Consumption Model ko convert

nationwide VMT into urban VMT; based on MOBILE3 conversion
fFactor analysis.



Table A-4

Light-Duty Diesel Sales Fractions

"Best Estimate"

sensitivity analysis,

Model Year _LDV_ _LDT _
2000 . 115 ,339
1999 J115 ,339
1598 L1158 .339
1987 L 115 .339
1995 .115 .339
1995 L1155 .339
1994 102 . 300
1993 .089 263
1992 076 . 226
1991 ,081 , 188
19940 .050 . 150
1289 L0446 130
1988 .041 120
1987 .037 .110
1986 032 100
1985 .028 090
1984 .023 .080
1983 019 077
1982 .039 .071
1981 L0460 .056
1980 45 024
1979 .026 .013
1578 .009 .006
1977 ©,003 001
1976 .003 001
1975 .003 .001
1974 . 003 .000
1973 002 000
1972 002 000
1971 , 001 .Qoce
1970 . 000 .Q00
1969 .00 .000
1968 . 000 , 000
1967 000 . 000
1966 . 000 .04
1965 . 000 ,000
* " Low Growkth* fractions used

in

"Low Growth"*

LDV

050
.050
.050
050
050
.050
050
050
050
050
.050
046
041
.037
.032
.028
.023
.019
039
.060
.045
026
.009
.003
. 003
003
.003
002
002
,001
Q00
.Q00
. 000
.000
.000
L0049

diesel

LDT

. 150
. 150
. 150
. 150
. 150
. 150
. 150
. 150
. 150
. 150
. 130
. 130
120
. 110
. 100
. 090
.Q80
077
.071
.058
.024
L0113

.006

.001
.001
.001
L0040
.000
.000
v 0400
.000
.000
.000
. 400
. 000
.000

penetration
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Table A-5

Heavy-Duty Diesel Sales Fractions*

Heavy-puty Truck Class

Model Year 2B 3-5 [} 7 8A 88
2000 .300 L300 .550 L7006 1.000 1.000
1999 L300 .300 . 550 .700 1.000 1.000
1958 . 300 L300 .550 .700 L.000 1.000
1997 . 300 .300 550 .700 1.000 1.000
1996 . 300 300 .540 .690 .588 1L.000
1595 .300 300 .530 ,680 976 1.000
1994 . 300 .Jo0 ,520 L6870 .965 1.000
1993 L300 , 300 .510 .660 .953 1.000
1992 . 300 L300 .500 . 850 941 L.0G0
1991 .290 ,290 .486 . 640 .928 l.000
1990 . 280 ,2B80 472 . 630 .915 1.000
1989 270 L270 .458 620 .94Q1l L.000
1588 260 ,260 .444 ,610 .B88 1.000
1987 . 250 .250 .430 .600 .875 L.000
1986 232 232 419 596 .878 1.000
1585 .215 .215 .409 . 592 .881 1.000
1584 . 197 197 .3198 588 .B83 1.000
1983 . 180 .L80 . 388 . 584 .886 1L.000
1982 L1662 .162 .377 . 580 .885 L.000
1981 . 122 122 .309 .989 .865 1.000
1580 .08t .08l 242 .508 .B41L L.0040
1979 .41 L0411 . 174 606 .318 L.000
1978 . 000 0040 - .loa 615 . 794 1,000
1977 .000 ,000 100 ,578 L7170 1.000
1976 . 0400 003 071 514 .726 L, 960
1975 .000 .005 041 .149 .634 .920
1974 ,000 ,004 .038 415 ., 586 .520
1973 000 .004 .034 .382 .540 ,921
1972 .000 .003 L031 ,348 492 .921
1971 .000 ,003 . 054 341 482 L9213
1970 ,00L .003 .076 .333 .470 ,92%8
1969 .002 L2 .082 .348 .492 .867
1968 .002 .022 ,088 364 514 .809
1967 .003 031 .094 .379 .535 , 751
1946 . 0013 .029 .Llno 413 .583 T2l
1945 .002 L0268 . 105 447 632 L, by

x

Based on MOBILE3 conversion

factor analysis.
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Model Year

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1872
1973
1974
1975
1576
1977
1978
1979
1980
1981
1982
1983
1984

. 1985
1986
1987
1988
1989
1950
1991
1992
1993
1994
1995
1996
1997

Table A-8

Fleet-Average Heavy-Duty
Emission Conversion Factors (BHP-hr/mi)*

Gascline

1.29
1.31
1.32
1.33
1.35
1.36
1,37
1,37
1.37
1,37
1.37
1.34
1.31
1.28
1.20
1.12
1.08
1.05
1.01
0.98
0.95
0.95%
0.95
0.986
0.97
.97
0.97
¢.56
0.956
0.96
0.95
0.94
0.94
.93
0.92
0.92

Based on MOBILE3 ceonversion factor analysis.

Diesel

2.74
2.74
2.73
2.72
2.76
2.82
2.88
2.94
3.00
3.08
3,15
3.15
3.23
3.27
3.23
3.19
3.07
2.95
2.84
2.72
2.60
2.56
2,51
2.47
2.43
2.38
2.38
2.37
2.36
2.358
2.34
2.33
2.33
2.32
2.31
2.31
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Table A-7

Growth Rates and Assumptians Used in FRM NOx Analysis

VMT Growth Rates®
{%/year, compound)

Vehicle 1982-1995 : 1982-2000
Class Urhan MNationwide Urban Mationwide
LDV A* #1.9 +1.9 +1.9 +1.9
LDT®* +2,2 +2.2 +2,1 +2,1
HDGV +0,4 0.0 +0.6 +0.2
HDDV +4.,7 +3.2 +4.2 +2.9

Stationary Source Assumptions

Groﬁth Rate Discount
Source Cateqory {percent/year) Factor
Stationary Point*»» +1.3 0.0
Off-Highway +2.5 1.0
Combustidn +0.8 ' 1.0
Stationary Area 0.0 1.0
* Based on MOBILE3 Fuel Consumption Model, urban growth

rates also used in diesel particulate analysis.
£ Light-duty urban fractions of VMT are assumed to remain
constant with model year; therefore, urban and nationwide
growth rates are equal,
*x#2 Stationary point source growth rate assumes a certain
lavel of future NOx control, bhased on ICF, [nc,,
projections; polnt source emissions included only 1in

nationwide NOx projections.
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Tahle A-8

SMSAs Modelled for Nol (Design Valuas, ppm Ng,) £

NPRM Analysis & Interim Analysis &,4 FRM Analysis %

(l980) (1980-82) (1981-83)
Boston (0.050) Baston {0.036) Chicaqo {0.044)
Chicago (0.060) Chicago (0.052) Cincinnati (0.036)
Cleveland (0.048) Nashville (0.053) Mashville (0,053}
Nashville (0.047) New York (0,038} New York {0.037)
Philadelphia {0.046) Newark {0.045) Newark (0.040)

Steubenville (0.040) Philadelphia (0,039) Philadelphia (0,040)

*Denv

*Reno

er  (0.,046) Seattle (0.048) Pittsburgh  {0.035)
(0.048) Tugson {0.037) Wash., D.C. {0.037)
Wash., D.C. (0.038) *Denver (0.052)
*Denver (0.041) *Reno (0.043)
' : *Reno  (0.043) Los Angeles  (0,059)

Anaheim {0.045)

Riverside (0.042)

[EES I

I

California SMSAs included only in the FRM analysis; futucre
projections hased on CARB data.

NO,; concentrations at or above 0.040 ppm (75% of std.)

NQ; concentrations at or above 0.035 ppm (§6% of std.)

Interim apalysis results presented in Motor Vehicle NOx

Inventories (Technical Report), and letters ta T. M. Fisher
(GM) and Donald R, Buist (Ford), all contained in the Public
Docket.

High-altitude SMSAs,
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Table A-9

Low Altitude NOx Emission Rates and Assumptions
Different Than MOBILE3 Values for
Emission Inventory and Air Quality Analysis

Vehicle Model Emission Rate Useful
Type Year ZM{1l] DR[2] SEA[3] Life([d]
Base Case: LDGT 1987+ 1.74 0.04 40% Full
(2.3710.7)
LDDT 1578-80 1.83 0.06 - Half
1981-84 1.48 ¢.06 -— Half
1985+ 1,89 0.03 40% Full
HDGY 1987 4.86 0.10 - Half
1988 4,83 0.10 - Full
1389-90 4,79 0.10 40% Full
1991-93 4.71 0.09 40% Full
1994-96 4.58 0.09 40% Full
1997+ 4,50 0.09 40% Full
HDDV 1987 17.58 0.00 - Half
1988 23.18 0.00 -— Full
1989~-90 23,086 0.00 40% Full
1991-93 22,84 0.490 40% Full
1994-968 22,60 0,00 40% Full
1997+ 22,44+ 0.00 40% Full
Contralled
Case: LDGT .
(1L.2/71.7; Cl, Ir al[s&] 1987 1.74 0.04 40% Full
6.0/5.0) 1988+ 1.21 0.04 + 40% Full
LDDT 1378-87 Same as Base Case
Cl, I[5]) 1988+ 0,94 0.03 40% Full
Cl. II alg)] 1388+ 1.97 0.03 40% Full
HDGV 1987 Same as Base Case
1988 4.61 0.10 - Full
1989-90 4,57 g.10 40% Full
1991-93 3.76 0.09 40% Full
1994-96 3,66 g.09 40% Full
1997+ 1.59 0.09 40% Full
HDOV 1987 Same as Base Case
1988 13.05 Q.05 40% Full

l989~90 12.98 0.05 40% Full
1991-93 10.73 0.05 40% Full
1994-96 10.62 .05 40% Full
1997+ 10.54 0.05 40% Full

Zera-mile emissi~ns {g/mi).

Peterisracion rike {(g/7i-10K »i),
Seleccive Enforcerrent Audic,
Certificacion = half oar Full useful life,

Less than 0,000 lbs GVW,
6,001 - 8,500 Lbs VW,

e e—
[= 005 . B OO SN ¥ B
et At et et e s
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Table A-10

High-altitude NQOx Emission Rates
and Assumptions Different than MOBILE3 Values
for Emission Inventory and Air Quality Analysis

Base Case:
(2.3/10.7)

Controlled
Case!
(1.2/1.7;
6.0/5.0)

Yehicle
Tyna

LDGT
LpotT

HDGV

HDDV

LDGT
LDDT

HDGV

HDDV

————
LAY gy
N

Zero-mile emissions {(g/mi).
Deterioration rate (g/mi-10K mi).
Selective Enforcement Audit,
Certification to half or full useful life.

Model Emission Rate Useful
Year ZM[1l] DR[2] SEA[3] Life[4d]
Same as Low Altitude
Same as Low Altitude
1987 3.84 0.10 40% Half
1988 3.81 0.10 - Full
1989-94Q 3.78 .10 40% fFull
1991-93 3,72 0.09 40% Full
1994-96 3.62 0.09 40% Full
1997+ 3.55 0.09 40% Full
Same as Low Altitude
Same as Low Altitude
Same as Low Altitude
1987 Same as Base Case
1988 3.65 .10 40% Full
1989-90 3,62 0.10 40% Full
"1991-93 2.97 0.09 40% Full
1994-94 2.89 0.09 40% Full
L9977+ 2,83 0.09 40% Full
Same as Low Altitude
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.muleiplying cthe wvehicle's miles travelled
.paer-mile emission reduccion.

CHAPTER 5

COST EFFECTIVENESS

The cost effectiveness of an action is cthe measure of its
relative economic efficiency rtoward achleving a specified
goal, It i3 primarily useful in comparing alternative means of
achieving that goal. Te cost effectiveness of the final
particulate and NOX standards analyzed in this report will bhe
the subject of cthis c¢hapter., Before che final analysia, an
overview of the cost-effectiveneas analysis in the Drafeg
Regulacory Impact Analysis (RIA) and a summary and analysis of
the comments received will be presented.

I. Overview of NPRM Analysis

In the Draft RIA, EPA determined the cost effectiveness of
the proposed standards in terms of cthe dollar cost per ton of
particulacte or WNOx emissions controlled. These values were
used to make comparisons with the cose effectiveness of other
mebile and non-mobile source control strategies.

To derermine cost effectiveness, two pieces of informatinn
were necessary: the coscs and emissions  reductions of the
strategies to be examined., The costs and emissions reduccions
used were those associaced with an average vehicle on a
per-vehicle basis, racher than the total ¢osts and reduccions

for the entire fleet. '

The coscs userd were those decermined in che economic
analysis of the proposed standards. The emission reductions

ware calculated for each vyear of the vehigle's 1life by
(*MT) by an average

The annual WT values used were
thogse decermined by Energy and Environmental Analysis adjusced
to reflecct EPA's lifecime estimaces. For heavy-dury diesel
vehicles, a composite V47 was calculaced by sales welghting che
individual wvalues for 1lighc, medium, and heavy heavy-ducy
diesel vehicles (LHDDV, “HDDV, HHDDV). The average per-mile
emission reducctions used were developed using itnformacion from
the MOBILE2.5 emission factor model and che Diesel Particulate

Sturly.,

used in calculacing the

cosc~effectivaness values For the proposed srandards: an
annual approach and a Lifecime approach. With the annual
approach, costs Wwere allocated: 1) to each year in which
emission reductions were produced, and 2) in proportion to che
size of these annuatl reduccions, The result was A
cost-effecriveness value which is applicable ac any point in
the 1ife of the vehicle, as well as over cthe vehicle's entire

T™wo approaches were
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lifecime. This approach allowed for comparisons on a
consistent basis with recent EPA cost-effecrtiveness estimactes
for other mobile and stationary source particulate contrel, and
stacionary source NOx control.

With the lifetime approach, che lifecime costs were
discounted to the year of vehicle purchase and chen divided by
the undiscounted total lifecvime emissions reducrions. The
lifecime approach was only used in conjuncrion with che
proposaed NOx standards to allow compariszons with past mobile
source cosct-effectiveness scudies, where only this method was

used,

Special consideracions in the case of particulate matter
led e] che decerminacion of gseveral different
cost-effectiveness values for each standard. Since the effects
of particulate macter are highly dependent upon particle size,
emissions reductions and cost-effecriveness values were
decermined on a total, inhalanhle, and fine basis.* Also, since
the great majoricy of people who are exposed to NAAQS
violations for parciculatce matcter Live in urban areas,
emissions reductions and cost~effactivenaess values ware
determined on both an urban and a nationwide basis. For the
urban estimacte the only change made was that emissions
reductions in non-urban ‘areas were excluded; no changes were

made in the cost estimates.

II. Summaryv and Analysis of Comments

There were very faw comments recetved chat deals
specifically with the c¢osc-effecriveness methodology  and
procedures used in che DPrafc RIA, Commentcs received on che
cogst«effecriveness estimates cvhac primarily address eicher che
caoscs of control, nr the emissions reductions obtained, have
been reviewed 1in the respective chaprers on Eeconomic anAd

fnvironmental Impace.

There remained only three comments specific cte casc
effecriveness. The Departmenc of Enerqgy (DOE) presented {cs
awn cost-~effectiveness estimaces that indicated chat EPA's
estimartes may be somewhar lew. In their mechodology, the coscs
used were the undiscountad costs of concral, and the sgtandarAis
conasidered differ slightly £rom cthose char EPA considered,

* ~ Total particulace is Aall suspended parciculace matcer
regardless of qiamecer, inhalahble particulace ta
congsidered rto bhe all irticulate macter less chan L0
micromecers in Aiameter, and fine particulace is
conaldered o he all parciculace maccter lesgs chan 2.9
micrometers in diamecer,
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Several environmental groups called attenction to the fact that
the cost-effectiveness estimares for the 0.25 g/BHP-hr and the
0.1 g/BHP-hr gtandard for urban HDDEs in 1990 were equivalent.
Based upon cthis, they questioned EPA's choice of the mors
lenient level of control. Finally, DOE rtogk issue with cthe
alleged use of a 100 percent discoune rate for NOXx emissions
from elevated srationary sources. In cheir opinien, this
effectively rendets any comparison of cost-effecriveness
becween mobile and scacionary sources meaningless,

DOE's practice of using undiscounted costs appears
inappropriacte vo EPA, considering the basic economic concept of
the time value of money. Since DOE did not present its cost
escimates 1n a detailed fashion, it i3 not possible ro
decermine how much of che difference in cost~affectiveness
values can be explained by this difference in accounting
methods. In any case, even Lf the basiec cechnologiecal
aconomic, and environmental concepts were the same, the use of
undiscouncted costg  will lead cto higher cost-effecciveness
values. Since rthere is no apparenr reason for using this
approach, it will not be considered further.

In the nNrafc RIA, EPA did esctimate the same value for the
cost effectiveness of a 0,25 g/BHP-hr and a 0.1 g/BHP-hr
parciculace srtandard for urban HDDEs in 1990, However, EPA did
indicace that it believed chart in fact che more stringent 0.1
g/BHP-hr standard would actually be less cosct effective, for
several reasons. The maximum henefic and Lteast cosc
applicacions would have already been used co meec the 0,25
g/BHP=-hr sctandard (wich averaging), so that subsequent use of
traps on addiclonal engines might he somewhat less cosc
effective, Other factors gited which argued for higher cosc arc
the 0.10 g/BHP-hr level are greacer development coscsS, the need
to rfdesign to laower low wmileage-cargec emigsion levels, the use
of higher qualicy componencts, the probable need for more
frequent trap regeneration, and the increased risks assocliated
with in-use compliance.

As will be seen in the updated analyses here and in cthe
Alternacives Chaprter, che cost effectiveness of a 0.10 g/BHP-hr
standard does turn out to bhe somewhat worse than that of a 0.25
g/BHP-hr scandard, confirming EPA's original position. It mustc
also be noted that cost effecciveness is only one factor used
by EPA in deciding hectween control oprions:; technological
feasibilicy has been the primary basis for che decisions in
this rulemaking because of che statutory provisions governing
both the NOx and partcticulace standarrds, It was on the basgis of
cechnological constraints that EPA decided against a 0.10
g/BHP-hr scandard for 1990,
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Contrary to the assertion by DOE, EPA did not discount che
emissions reductiona from stationary sources of NOx anywhere in
its coat-effectiveness analysis. While some degree of
discounting emiasions reductions based upon spacial
consideracions may be appropriate in comparing the cost
effectiveness on an urban basis, where starionary sources have
relatively little impact upon breathing zone concentrations of
NO3, this would be Lless appropriate for regional scale
consideracions. Therefore, this analysis has not discounted
the NOxXx emisaions reduccions from sctacionary sources when
making comparisons of cost effecciveness,

III. Updated Cost Effectiveness Analysis

A, Changes in Analysis

There hag been no hasic change in the nethodology used to
determine cost effectiveness. The bages for dectermining che
cogcs and emissions reductions to he used in the
cost-effecriveness analysis remain cthe same, with their values
changing only soc much as the escimates have heen improved.

In the Draft RIA, the (differences becween annualized and

Liferime costc effecriveness waere explained thoroughly.
*fathemacically, the difference lies solely in how the benefics,
i.2., emissions reductions, are handled, Lifetime -+ cosc

effecriveness reflects the case in which the emissions
reductions are undiscounted: annuAtized cosct effectiveness
reflects the case in which the emissions reductiona are
discounted ar the same ratces as che costs.

Piscounting emissions reductions agsumes that cha
emissions reducticons are worth more act che presenc cime than in
the future. For NOx, where exceedances of the ambient standar?
for NOq are projected in 1295 and 2000, hut not presencly,
emissions reducrions may acrually be worcth gore in che fucure
than they would he now. 1In the case of particulace maccer, for
which many areas of the councry already exceed the ambient
standard, this is not the case, and ie could he argued chac che
sooner reduccions are ohtained the becter. Thus, it is nant
clear to EPA if, or how much emissions reducrions should h=
digcounced over cime, Therefore, the estimates of aosc
effectiveness 1in the final analysis are shown using severat
different discount rates for che emissions reductions. The use
of various discount races here allows for proper comparisons f
cost effecriveness co nther mobile and stationary souras
controls wo be made, and for the sensicivicy of the cnse
effecrtiveness to the discount races to bhe estahlished.

In the Drafe RIA, che costs and emissions reductinns
escimates for cthe lacer year, 1990, sctandards were presented as
incremental to the values for the 1987 scandards., This yiel-tn)
an inecremencal, or marginal cost effectiveness. In the final
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analysis of this chapter, chis has also been done for the 1991
and 1994 atandards, and is referred to as the marginal cosc
effactiveness.* 1In additcion, cosc-effecciveness wvalues for the
combined standards have also been decermined for chese later
year standards, and are referred to as cthe total cost

effectiveness.

Updated estimates of cthe expected annual and liferime per
average vehicle WT are shown in Table 5-1., The WT for HDGVs
has not changed since che Draft RIA, and the estimates for
line~haul truck WT are cthe same as for HHDDVs in the Drafg
RIA. The escimates shown Eor non-line=haul ctrucks for the
varigus model years were dectermined by taking weighted sums
across the WTa for LHDDVs and MHDDVs as given in the Drafc
RIA, The weightings were derived from projected sales
fracrions in each year by class, and corresponding projecred
diesel sales fraccions.f1] As these change over time, so does
the average WT for non-line-hauls as a whole. For LDT; and
INT2, separate estimates of WT were derived, which was noc
done in the Draft RIA. These were derived by taking the annual
average mileage accumulacion races in MOBILEZ and mulciplying
each year's WT by a survival Ffraction derived from the
registracion daca in MORILE3.[2] The WT for urban buses has
been updatesd to reflect more recent EPA dara.[l]

The emission rates for cthe proposed standards vary over
the life of the vehicle and are summarized in Table 5-2. The
particulace equacions were derived using che mechodology as
described in the Diesel Particulate Study.[4] For NOx, the
values are derived from the MOBILE3 emission factor model, and
represent che accual in-use emissions including misfueling and
campering.f2] The slight difference in form for particulace
and NOx refiects cthe differences in how the emission rates for
these ctwo different pollutants are determined, MNote here chac
varying emission races for each year of the vehicle's Life are
being used in this analysis:; in the earlier analysis an avaerage
race Aetermined at the vehicle's hatf Life was used, This
change leads to improvements in the accuracy of cthe escimaces.

8. Resultg of Updaterl Analysis

The emission reductions and cost-effectiveness estimates
for cthe NOx and parciculace scandards are shown in Tables 5-3
and 5-4, along with the costs from cthe Economic Impace
chapcer., These ¢osts represent the net present value in che
year of sale toe the consumer, using a 10 percent discounc
rate. It includes hoth the firsc price increase and increased

* 1991 atandards marginal from the 1988 sctandards, 1994
standard marginal from the 1991 standard.
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Table 5-1

Annmual and Lifevime Per Average Vehicle WMT (miles)(1]

Vehicle HDDE Mon-Line-Haulf2,3]
Iae Lom LD HDGE 1988 1991 1994 Bus Line-Haul
1 17,394 18,352 15,590 22,077 21,971 22,042 45,000 64,720
2 15,373 16,149 14,040 21,269 21,163 21,234 45,000 . 63,790
3 13,553 14,175 12,630 20,724 20,618 20,689 45,000 62,850
4 11,917 12,409 11,000 19,480 19,388 19,456 45,000 54,870
5 10,447 10,831 9,360 17,870 17,777 17,840 45,000 47,700
6 9,127 9,421 8,210 15,949 15,864 15,921 45,000 41,000
7 7,944 8,166 7,060 14,045 13,969 14,020 45,000 35,310
8 6,884 7,044 6,050 12,021 11,957 12,000 45,000 39,320
9 5,937 6,048 5,170 9,972 9,721 9,755 45,000 25,910
10 4,986 5,058 4,339 7,499 7,460 7,486 45,000 19,510
11 4,239 4,281 3,570 5,691 5,662 5,682 45,000 17,840
12 3,574 3,594 2,960 4,393 4,37 4,386 45,000 14,910
13 2,983 2,987 2,410 3,841 3,818 3,933 0 12,130
14 2,459 2,451 1,960 2,727 2,715 2,723 0 9,870
15 1,996 1,980 1,680 2,118 2,108 2,118 0 7,980
16 1,587 1,568 1,250 1,630 1,623 1,628 ] 5,310
17 1,226 1,206 980 1,168 1,163 1,166 0 4,970 -
18 910 - 891 750 952 949 951 0 3,790
19 633 617, 520 703 699 702 o 2,890
20 479 465 340 423 421 422 0 2,070

Total 123,648 127,691 110,190 184,363 183,418 184,048 540,000 527,740

Expected

Lifetime

Milea

1T Urban fracticn of cravel for HDIVs:

Non-line hauls = ,475, line hauls = ,176, buses = 1.000, all = ,288

(2] Changes in WMT by model vyear Jue o changes in relative total salas
fracticns of heavy—ducy ctasses I1IB-V and VI-VIIA,

{3] HDDE all classes WT can hbe approximated by taking 2 weighted average nf
non-line hauls and line hauls. Relative weights are .635 anpd .36%,

regpectively.
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Tabla 5-2

Annual Per Mile Emission Races
{grams/mile)

B LA T

Particulate

iedel Emission Racalll

Vehicle Type Year ™ - DRI 3

Base Case: Non-Line-Haul 1988 1.1765 0000
(no further 1991 1.,1233 .0000
control) 1994 1.502 0000
Line-Haul 1988 2,1917 ,0000
1991 2,1784 0000
1994 2,1581 0000
Urban Bus 1988 2.6586 ,0000
1991 2.6502 0000
1994 2.6334 .0000
1988 Scandard Non-~Line-Haul 1988 1.0084 0000
0.60 g/BHP-hr 1991 .9628 0000
1994 9472 .0000
Line~Haul 1988 1.8786 0000
1991 1.8672 0000
1994 1.8499 .0000
Urban Bus 1988 2.2788 ,03000
199), 2,276 .0000
1994 2,2572 0000
1991 Standard Non=Line=-Haul 1991 4012 .0084
0.25 g/BHP-hr 1994 .3947 .0083
exe. Line-Haul 1991 .7780 .0218
0.10 g/BHP-hr 1994 .7708 0218
for urban bus Urhan Rus 1991 9465 .0265
* 1994 ,9405 L0263
1994 scandard Non~Line~Haul 1994 . L579 0214
0.10 g/BHE=hr Line-Haul 1994 L30R3 D308
Urban Bus 1994 ,3762 0376

Ll] Emission rates wvary slightly wich medel year Adue oo
' changes in che conversion factors beuwesen g/BHP-hr anl
q/mi.

Zaro-mile emissions (g/mi)

Deterioration race (g/mi x (years-0.%))

Ionlim]
wn
i
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Table 5-2, Cont'd

{grams/mile)
NOx

Model Emission Rate[l]

Yehicle Type Year ZM[2] DR[1]
Base Case: LDGT, 1988 1.94 L0136
2.3 g/mi LDT LDDT, l988 1.76 .0030
10.7 g/BHP-hr HDE LDGT, 1988 1.94 .0138
LDOT, 1988 1.97 .0030
HDGE 1588 4,89 .0132
1991 4,717 .0122
HDDE 1988 23.148 0000
1991 22,84 .0000
1988 Standard LDGT, 1988 1.19% L0107
1,2/1.7 g/mi LDDT, 1888 .94 .0030
LotT,, LDT. LDGT, 1988 1.54 L0107
LDDT, 1588 1.32 .0030
6.0 g/BHP-hr HDE HDGE 1588 4,67 .0132
1991 . 4.56 .0122
HDDE 1988 13.05 0050
1391 12.88 .0050
1991 Standard HDGE 1991 3.82 .0l22
5.0 g/BHP-hr HDE HDDE 1961 10.73 .0050

[L] Emission rates

vary slightly with model year due Gto

changes in the conversion fac

g/smi,

[2) Zero-mile emissions (g/mi)
(3] bpeteriorarcion rate (g/mi x 1000 mi)

tors

hetween g/BHP-hr and



Table 5-3

Urban Particulate Cost Effectiveness

Discaunted Cost Effectiveness ($/ton)
Option Benefits (tons) Rate Discount Rates for Benefits
{g/BliP-hr) Costs ($) [1] 0% 5% 10% 0% 5% 10%
1988: 0.60 46 .026 .021 L.017 1770 2190 2710
~1988: 0.60 671-774
1991: 0.25 {625-728) [2] . 111 . 090 075 6050~6970 7460-8600 8950-10300
0.10 (.085% (.070} (.058) (7350-8560) (8930-10400) (10800-12600)
for urban buses
Bus Only 1991 17581 3} 1.217 . 953 775 1440 1840 2270
{1712) {(.991) (.779) (.635) {1730) (2200} (2700)
1988: 0.60 966-1122([4) 137 . 111 . 094 7050-8190 8700-10100 10300-11900
1991: 0.25 (296-347) (.027) (.022) (.019) (11000-12900) (13500-15800) (15600-18300)
0.10 ' .
for urban buses
1994: 0.10

[1} Costs represent net present wvalue

constant 10 percent discount rate.
‘{2] Figures in parentheses indicate marginal values Erom standard levels of 0.60 g/BHP-hr in 1988
and 0.25 g/BUP-hr in 1981
3] Cost, benefits, and cost effectiveness for urban buses only.
(4] This wvalue calculated by taking a weighted average of the heavy-duty bus and non-bus trap
equipped costs to go from no control to 0.10 g/BiP-hr in 1994.

L

in year of sale of the total cost to consumer, using a

{0.10 g/BliP~hr Eor urban buses).



Table -4

NOx Cost Effectiveness

Discounted Cost Effectiveness ($/ton)
Benefits (tons) Rate Discount Rates For Benefits
option {g/BHP-hr)  Costs($) [1] 0% 5% 10% i) 5% 108
LDT: 1.2/1.7, 1988 28 .108 085 .070 263 134 405
HDE: 6.0, 1988 36 1.494 1.211 l.021 24 30 35
HDG ' 7 027 022 .018 278 i1 417
oo 69 3.181 2,578 2.175 22 27 32
HDE: 6.0, 1988 79-166 1.4989 1.610 1.357 40-813 49-103 58-122
5.0, 1991 (41-128) [2] {.408) (.328) {.275) (100-314) (125-390) (149-465)
HDG 21 115 .093 .079 183 227 267
(14) (.090) (.073) (.06l1) (151) (186) (223)
HDD 137-311 31.863 3.126 2.634 315-81 44-99 52-118 -
(68-242) {(.726) (.583) (.488) {94-333) {117-415) (139-496)
{l] Costs represent net present value in year of sale of the total cost to consumer,

(2]

using a constant 10 percent discount rate,
Figures in parenthesis indicate marginal values from standard level of 6.0 g/BHP-hr
in 1988 for HDESs.

e T
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operating coats, Where applicable, the cotal and marginal
values for each gtandard level have been presented. For che
particulace standards, only cthe urban cost effectiveness is
given in this analysis as the nacionwide value has not been
used in compariscons with other sources.

The costs and cost-effectiveness wvalues presented here
represent the long-term values for each of the standards as the
fleet stabilizes in its response to the change in standards.
In the short term, the costs associated with che standards will
be somewhat higher as discussed 1in the Economic Impact
chapter, This would in turn resulc in higher
cost=effectiveness estimaces in the short term.

_ The discount rate used for the beneficts can have a marked
effect on the benefits and cost-effectiveness values, As Sseen
in che tables, this resulecs in a 40-80 percenc increase in
cost-effectiveness values in comparing resulcs using
undiscounted benefics and chose discounted at 10 percenc. The
cost estimates from Chapter 3 used a 10 percent discount race.
Thus, the cost effectiveness estimates ac a 0 percent discount
rate are edquivalent to the Lifectime cost-~effecciveness values
as described in the Draft RIA, and thosé at a 10 percent
discount race are equivalent to annualized cosc-effactiveneas

values,

C. Comparisen to Octher Conhcrol Scracegies
1. Particulace

Table 5-5 presents an update of Table 6-5 in the Drafe RIA
comparing cthe relacive economic efficiencies of concrolling
parcticulacte emissions from other mobile and stacionary
sources, O2ther than updacing the values from 1283 cto 1985
dollars, based upon che consumer's brice index for new cars and
the producer's price index for induscrial commodities (5.9
percent and 2,4 percenct respectively) no changes have been made
in the esvimates for ocher sources caken from the DPS
report.[5] As in the Drafc RIA, the comparisoen 1ls presented on
the basgis of toral, inhalable, and fine parciculate: and cthe
stAcionary wvalues have bheen adijusced cto reflect the relacive
breathing zone air quality impact of those emission compared o
that of diesel emissions.(3,4]

The updated estimaces of the cosc-effectiveness values for
parciculace contrpl for HDDV are generally equivalant to cthose
in the Drafc RIA, “fMherfore, as would bhe expected, the figures
in Table 5-5% suggest cthat HDDV controls remain quite favorable
when compared to stacionary source conerols, regardless of che
size of parcticulace examined. Only the concrol of wet cemenc
kilns appears to be significancly more cost effective than any
of the HDDV standards. Thus, it is a fair coneclusion to state
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Table 5-=5
Annual Cost Effectiveness Comparison

for Particulate Control Of Urhan HDDVs and
Other Mobhile and Stationary Sources (&/tonj(l1.2,3.4]

Particulate Size Basis[6)

Sources(5] Total Inhalable Fine
Cemant Xiln 1l 770 1840
Bus Only 1991 Standard 2270 2270 2270
HDDE 1988 Standard 2710 2710 2710
LDDT (.26,1987) 9530 9530 9530
HMDDE 1991 Standard 9630 9630 9630
HDDE 1994 Standard 11100 11100 11100
LDDV (.2,1987) 11100 11la0 11100
Kraft smelt Tank 12300 14700 22200
Electric Arc Furnace 9740 15300 15400
Borax Fusing Furnace 12600 17900 20200
Industrial Boiler 29900 42000 126000
Kraft Recovery Furnace 33200 42400 £0500
Lime Kiln (baghouse) 48400 59500 93000
Electric Utility 48600 70000 159000
Lime Kiln (ESP) 77600 96700 156000
[1] Stationary sources are discounted to reflect their

relative ground level effect.
[2] 1985 dollars,
[3] Emissions reductions discounted 10 gercent,
(4] For simplification, the midpoint of the ranges were used,
where applicabie.

(5] Ranking based upon inhalable particulate values,
(6] See References 3 and 4 for other mobile and. stationary

aources.
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that the HDDV particulate standards are quite cost effecrtive
when compared to sgtaciconary source and ocher mobile source

controly,
2. NOx

Tables 5-6 and 5-7 present updates of Tables 6-8 and 6-9
in the Draft RIA comparing the relative economic efficiencies
of contcrolling NOx emissions from various mobile and stationary
sources, The values for the more stringent standard for LDVs
has been updaced from 1984 o 1985 dollarg by 2.4 percent,
baged upon the consumer's price index for new cars, buec are
unchanged otherwise.[5] The values associated wich IM
programs for LDVs represent more recent EPA escimatces.[10] The
cost effegriveneas values associated with cthe statiocnary source
concrols of NOx have been updated to reflect more recenc
analysis performed by EPA's Office of Air Qualicy Planning and
Standards, the South Cnast Air Qualicy Management Discrice, and

EPA Region IX. [6,7,8,9]

Az with diesel parciculace, the updated estimates for cost
effectiveness of the NOx standards are generally equivalent in
the updated analysis compared co the resulcs in the Drafc RIA.
The estimates for HDGEs have increased from $15 to $278/ton and
from $55% to $15./con* for cthe early and later vyear
standards.[ 3] Tis reflects changes in che emission factors
from MOBILE2.5 to MOBILE3 and increases in the costs associated
with the HDGV NOx standards. Since cthe emissions reductions
and cogats asasociated with che HDGE NOx acandards are small,
even slight changes in their escimates can have large effects
on che cost effecriveness as has heen seen co be the case.

The final HNOx scandards for LDTs and HDEs remain guice
favorable in cost-~effectiveness comparisons to other mobile and
stacionary source controls of NOX. The final NOx standards for
LDTs and HDEs have lower cosct-effectiveness values chan almost
all of the octher mobile or scacienary source control options.
Tf the scacionary source NOx emissions were Aiscounted to
reflect their relative ground level effect, az was done for
particulate, the cosct effecciveness of the proposed LDT and HDE
NOx standard would compare even more favorahly,

* Using undiscountad benefits,
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LDVs (1.09 to 0.4 g/mi)

=14
Table 5~8

Lifetime Effectiveness Comparison
of NOx Control for Mobile Spources

Cost Effectiveness
($/ton)[2.3]

Sourcell]
HDDE 1988 Standard 22
HDDE 1991 Standard 35-81
HDGE 1991 Standard 183
LDT 1988 Standard 263
278

HDGE 1988 Standard
LDvs (I/M, where presently exists for HC/CO) 527[(4)

LDVs (L/M, where none prasently for HC/CO) 2290(41
2460[5]

Ranked according to midpoint of range.
1985 dollars.
Emissions reductions undiscounted.

See Reference 10.
"Cost Effectiveness of Large Aircraft Engine Emission

Controls -~ Final Report," U.S5., EPA, (AR, OMS, ECTD,
Dacember 1979, :

(ot ot ol anl an
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Table 5~7

Annual Cost-Effectiveness Comparisons
for NOx Control of LDTs and HDEs and Stationary Sources

Cost Bffactivenass

[1] Ranked ac¢cording to midpoint of range

[2] 1985 dollars .

[3] Emisaiona reductions discounted 10%

4] See References % and 7

{51 For applications in Southern California,
and 9

gourcell] {#/ton)f2,3]
HDDE 1988 Scandard 32
HDDE 1991 Standard 52-118
Industrial Residual ¢il Bellers 162(4]
HDGE 1991 Scandard 267
LDT 1988 Scandard 405
HDGE 1988 Standard 417
Induszrial Coal Boilers 456(4)
Internal Combuscion Engines 507C4]
Camant Kilna (Calif.) B12[5]
Scacionary Gas Turbine 10100471
Intarnal Combustion Engines (Qali€.) 1320[5]
* Glass Malting Purnaces (Calif.) 3550[5]
Refinery Heacters and Boilers {(Calif.) 11200[5]

see Reference 8
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D. Concluaion

The coast effectiveness of the particulace and NOx
standards is favorable when compared wich other mobile source
control scrategies, This {s also true when these standards are
compared with sgtationary sources, Therefore, based on this
above analysis, the sctandards appear to ba a cosc-effective
means of reducing particulace and NOx emigsions compared to
controlling these pollutants from other sources. ‘
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CHAPTER 6

ALTERNATIVE ACTIONS

I. Incroduction

In preparing the final rule for new NOx and particulate
standards, EPA consldered a wide variecy of alternatives., The
evaluation of alternacives is intended to identify the best
approach available to EPA and {is an essential element of a
Regulatory Impact Analysis performed under Execucive Order

12291,

Structurally, this chapter 1Is divided into three broad
sections. In the firsc section, alternatives which were
conaidered for LDT NOx emission standards are addreased.
Alcernacive MNOx sctandards for HDEs are addressed in the second
section of cthe chaprer and alternative patticulace gctandarcds
for HDDEs are addresserd in the third and final section of che
chapter. In all three sections, cthe incent s to develop key
informacion concerning che costs, emissions impacets, and cost
effectiveness of each alternacive. Discussion and evaluation
of the opeions in lighct of this information can be found in the

praamble to the final rule.

The methodojlogies used in developing the emissions, costs
and cost-effectiveness wvAalues for wshe alternatives were the
same , as those decaited {n respective chaprers of chis
document. Since these methodoleogies were fuliy devailled in che
previous chapters, chey are not reproduced here,

II., Alternative Light-Ducy Truck {(LDT) NOx Scandards

The alrernacive NOx standards for LDTs which were
considered for this final rule were: 1} to retain the existing
NOx standard of 2.3 g/mi, 2) to implement, effective with the
L1988 meodel year, NOx scandards of L.2 g/mi for LDTys and 1.7
g/mi for LDTp and 3) to implement, effective with che 1988
model year a NOx sctandard of 1.2 g/mi for LDT;s and to retain
the existing standard of 2.3 g/mi for LDTps. Since the
implemencacion of LDT standards for 1987, as proposed, has been
ruled out on che basis of leadtime consgraints, no other
detailed analysis of chis oprlon was prepared,

The key facts (emissions, vechnical Aifflculety, cost, and
cogt effectivenesas) perctaining co each of the alternacives are
summarized in Table 6-1.



Table 6-1

Chatt of Key Facts Ffor LOT NOx Options

Nationwide NOx Emissions Ten City NOx Emissions Qost Effectiveness
Option (1000 tons/yr) {tons/year) Tectinical Cost per ton) [3]
(g/BliR-hr} 19495[1] 2000([1] 1595(1] 2000(1] Difficulty Vehicle Undisc. 108 bisec.
. 2.3 (o 24,804(B8%) {2] 26,918(172) [2] 900,600 (+28) [2] 972,100(+10%){2] None - - -
further
- conkrol)
o s 1.2 24,593 (7%) 26,605(16%) 877,300(-1%) 937,500 (+6%) Low 28 263 405
Loty 1.7
in Louy
L 1.2 24,668 (74) 26,677{16%) 885, 500 {0%) 952,200 (+8%) Low 17 213 359
LOIs: 2.7 _ ‘
in 1988
. LDIys 1.2 Improved Improved Improved  Improve. x
Loy 1.7 over 2 aver 2 over 2 over 2
in 1988
{averaging)

1] Agsunes a 6.0 g/BiP-hr standard in 1988 for HDEs,
2] Figures ln parentheses indicate increase over 1982 levels, 1982 NOx BEmissions: fTen City Total - 884,000, Nationwide

X ’[‘otal - 22;981;000‘
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Under tha firsct alternative (revain the exiscting §NOx
standard for LDTa), costs would be zZsro since no actiona would
be raguired by the manufaccurers and reductions in emissiona
would also be zero. In the second alcarnative, shown in Table
6=1 as Option 2, the affecta on emisaions are those which are
projected to' accrue from the implementation of the 1.2 g/mi
standard for LDT;s and the 1.7 g/mi atandard far LDTys.
The costds are the total coscs asscociated with the use of the
technologiea*® necesaary . for achieving compliance with cthe
applicable standard on both groups of LDTa, discributed over
the total number of LDTs to arrive at an average cost per LDT.
Under the third alternative (1.2 g/ml for LDT;s and 2.3 g/mi
for LDT28), enmission benefiras are atetributable to the 1.2
g/mi standard applicable to LDT; 3 and the cost per vehicle
was developed from the total costa associated with the 1.2 g/mi
standard applicable to LDTys with distribucion of che
benefits and costs over the cotal fleer of LDTs.

In the fourth aiternative (the alcernative adopted in the
final rule), emissions averaging has been included. Since
averaging will provide manufacturers with greacer degrees of
freedom in the selecrtion of aspecific combinationa of
tachnologies and calibrations used on each engine chan would be
avallable without averaging, the consts of complying with this
alternative while being lower than those associated with the
third alternative can only be developed on an engine-by-engine
basia, At this level of detail, i.e,, non an engine-~hy-engine
bagis, the informacion necessary for optimizing the trade~cffs
batween costs and emissions by engine and the subsaquentc
inctegration into the Adecerminacion of average compliance with
the standard is only avalliable to each manufacturer for cheir
specifiec engines, EPA  has, ctherefore, not attempted Lo
quancify the exact "magnictude of cthe reductions in  coscs
relacive to cthe non-averaging alcernative and consequently che
improvemencs in cosc effec¢tiveneas accribucable to the fourch

alcernative,

* For LDGTs, this mean recalibracion of existing three-way
closed~loop systems anfd the conversion to three-way
closed-loop systems where these systems are not already in
use, and for LDDTs the addition of EGR where EGR is not
already in- ugse and che conversion to electronieally
controlled EGR where EGR is already in use.
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IITI. Alternative Heavy-Duty Engine (HDE) NOx Standards

The alternative NOx standards considered for heavy-dury
engineas were; 1) to retain the existing scandards, 2) to
implement a NOx standard of 6.0 g/BHP-hr in 1988 with no
subsequent change in this standard, 3) to implement a NOx
standard of 6.0 g/BHP-hr in 1988 followed by implemencation of
a 5.0 g/BHP-hr NOox standard in 199% with no subsequent change
in the 5.0 atandard and 4} the same standards and
implementacion daces as alcernative 3, bur wich the addicion of
average scarting wieh implementation of the 5.0 ¢/BHP-hr
standard in 1991. As was the case for light-duty trucks, the
originaliy proposed dates for poassible new standards of 1987
and 1990 have been eliminated due to leadtime constralncs.

The ey facts percaining to each of che HDE NOXx standard
alternatives are shown in fTable 6~2. Differences in the
emisstions, costs and cost-effectiveness values between the
alternatives vresaulc from the following, Under the firse
alternacive {retain the exiscing standard}, costa and effeccs
on emissions would both be zero. For the second alcernatcive
the costs are limited to those associated with the applicacion
of the changes* necessary for compliance with the 6.0 g/BHP-hr
standard as shown in Chapter 2 with the effects on emissions
heing projected Lfnro the L1995 and 2000 cimeframes, In the
third alternative, the marginal costs shown are the incremental
increase of the 5.0 g/BHP-hr standard beyond chose ¢f the 6.0
g/BHP-hr standard resulting €from furcher addicions and/or
modificacions of the combinacions of technologles previously
identified ar cthe 6.0 g/BHP-hr standard level and the benefits
are those asg calculated in Chapter 4. The overall cost per
engine in Option 3 is the sum of cthe lncremental cost for
Option 3 and that for fpcion 2, treated as if it were added in
1991, Sinece the sales weighcing becween gags and diesel engines
changes between L1988 and 1991, the overall cost shown is
slighely differenc chan a simple sum of cthe costs of Opcions 2
and 3, Averaging for HDE NOx was treated in the same fashion
as was light-dury cruck NOx averaging.

i For gasoline HDEs, the changes used are ignicion ciming
recard and the recalibration of EGR systems. for diesel
HDEs, combinactinns of the following technolegies would be
used: injeecion ciming recard, addicion of aftercooling
to some engines, addicion of variable injection ciming co
some eangines, and modificaction of wvariable injection
timing on some engines already equipped with this feature
and improvemencs in aftercooling and cturhocharging on some
engines already equipped with these feacutres.



Nationwide NOx Emissions

Table 6-2

Chart of Key Facks for HDE NOx Options

Ten City NOx Emissions

Coat per

Cost Effectiveness
{$/tan) [3]

Option (1000 tons/yr) {tons/year) Technical
{g/BHP-hr) 1995(1] 200011) 1995([1] 2000{1] Difficulty Vehicle[3] Undisc. 108 Digc,
« 10.7 (No 26,007(13%) [2] 28,367{23%)[2] 959,500(+8%) (2] 1,045,800{+18%)[2] None - - -
further
control)
. 1988: 6.0 24,804 (8%) 26,918(17%) 900, 600 (+2%) 972,'100(+10%j Low 36 24 35
. 1988: 6.0 24,567(7%) 26,530(15%) 887,600 (0%) 950, 100 (+7%) Moderately  79-166 40-83 58-122
1991: 5.0 High (41-128) {100-314) {149-465) (4
. 1988: 6.0 24,567(7) 26,530(15%) 887,600(0%) 950, 100 (+74) Improved Improved Improved Improved
1991: 5.0 over 3 over 3 over 3 over 3
(averaging)

1} Assumes LDI standard of 2.3 g/mi.

2) Figures in parentheses indicate increase over 1982 levels.,

total - 22,981,000.

3] FPigures used represent long-term effect of the standards.

ghort=-term fuel economy effect.

4] Fidures in parentheses indicate marginal cost and C/E relative to Option 2,

— o ial

1982 NOx Emissions:

Ten

City Total - 884,800, Nationwide

Cost in first year or two will be somewhat higher due to a
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IV, Alternative Heavy-Duty Diesel Engine (HDDE) Particulate
Standards

The originally proposed implementatcion daces of 1987 and
1990 have heen reviged to 1988 and 1991, respectively due co
leadcime constcrainta, Therefore, cthe alternative parciculace
standards for HDDEs which were conaidered for this final rule
ara aa follows: 1) the introduction of no standard(a} for
particulate emissions, 2) implemencation of an engine-cut
particulate standard of 0.6 g/BHP-hr effective with the 1988
model year with no subsequent reduction in the standard, 3)
implementation of an engine-out standard of 0.6 g/BHP~hr in cthe
1988 model year and the implemencation of a 0.25 g/BHP-hr
standard in 1991 achieved cthrough the use of particulate trap
technology, with averaging being allowed sctarting with the 1991
model year, 4} the same as alterhnative cthree but wicth =the
addition of a 0.10 g/BHP-hr standard for urban buses withouc
the availabilicty of averaging for buses, 5) the same as
alternacive three but with the addition of a 0.50 g/BHP-hr
angine~out standard for Line-haul HDDEs, 6} implementacion of
an engine-out particulate standard of 0.6 g/BHP-hr in 1988 and
che implemencacion of a 0.10 g/BHP-hr srandard in 1991 achieved
through the use of parciculace crap rechnolegy with averaging
baing allowed starting in L1991 and 7) the same as alcethacive
three (0.6 g/BHP-hr in 1988, 0.25 g/BHP-hr wich averaging in
1991 for 'all HDDEg except urban buses, and 0..0 g/BHP~hr for
urban buses without averaging), plus che implementacion of a
0.10 g/BHP-hr standard effective in 1994, with averaging for
aLl HDDEs execept wurban buses where the 0.10 q/BHP~hr,
non~averaging standard would be recained.

The Xey facrts pertaining to the alcernative particulace
standards which were considered are shown in Table 6-3, The
factors bearing on che differences in emissions, costs and
cost-affecciveness values bhetwaen alternacives are digcussed

balow.

"

In che cost of the first alcernacive, coscs are zero since
no action would be required on the part of the manufacturers,
Changes 1Iin particulace emissions are also zerc. The cost of
the 0.6 g/BHP-hr parcicutate standard was developed from che
cost of the changes, modifications, and where required,
addicions {n hardware necessary™ for the atcainment of the

standard.

* Technologies applicable to actainment of a 0.6 g/BHP-hr
particulate standard inelude: the addition of or
modificarions co variable injection ciming for enhanced
transient air/fuel ractioe concrol, combustion chamber
modificacions and improved air swirl, improved
curbochargers wo enhance ctranstient response and alr flow,
improved c'{njecr.c:':s. and fuel injection pumps and increased
injection pressures.



Table 6-3

Chart of Key Facts for HDDE Particulate Control Options

. Discounted
Total Mobile Source . Cost Effect-
Option Bmissions (tons/year) Type of Cantrol Technical Cost Per tiveness
{a/BHP~ht) 1995 2000 System Required[l] Difficulty Vehicle{l] (3/ton)
1. No Control 87,949 (+65%) [2] 108,941(+105%) [2] None None - -
2, 1988: 0.60 80,385(+51%) 99,369 (+873) Non-trap Low 46 2710
3A. 1988: 0.60 61,169 (+15%) 70,557 (+33%) 60% Trap High 631-736 8,890~10,400
1991: 0.25(A) : , {585-690) (10,800~12,800) [3]
{w/averaging {A))
3B, 1988: 0.60 59,731 (+12%) 68,344 (+28%) Buses: 100% Trap High &71L-774 8,950~10,300[4]
1991: 0.25(A) Other: 60% Trap (625-728) (10,800-12,600)
: 0.10
for uchan buses
3C.. 1988: 0.60 67,008 (+26%) 78,949 {+48%) Urban: GO% Trap Moderately 368-491 7,050-8,930
1991: 0.,25(A) High (342-445) (9,000~11,700}
for urban HIDE's Other: Non-trap ‘
0.50
for line-haul HDDE's
30, 1988: 0.60 52,933(-0.5%) 58,209 (+9%) 100% Trap Very High 1,211-1,382 12,900-14,700
1991: 0.10(A) (1,165-1,336) (15,100-17,400) (5]
4. 1988: (.60 57,230 (+8%) 59,316 (+11%) 1991: 60% Trap High 966~1,122 10,300-11,500
1991: 0,25(A) 19%4: 90% Trap (296-347) (15,600-18,300) [6)

0.10
for urban buses
1994;: 0.10(A)

- (1]  Except for Option 3D, all figures represent leng-term effects of the standard. Cost figures would be somewhat
greater in the early years hecause of greater trap usage due to higher ergine-out particulate levels.

2] PFigures in parentheses uwlicate change from 1984 levels. 1984 Diesel PM Emissions: 53,208.

P31 Pujares an parentheses indicate maryinal C/E relative to Option 2, unless otherwise noted.

{4 M darginal cost and C/E for thwe luses, relative to Option 2, are cost = $1,712, C/E = $2,700/ton.

[6) HKelative vo Option 3B the incramental C/E = 24,200-26,800.

(6] Computed relative to Option 3B,

£~9
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For all of the alternatives which ineluded the
introduction of a 0.25 ¢/BHP-hr parciculate standard effective
with thes 1991 model year (Options 3A, 3B, 3C, and 4), the
marginal cost of the 0,25 g/BHP-hr standard is the increase in
cost beyond that shown for the 0.6 g/BHP-hr. It is derived
from the application of particulate trapa and the fuel economy
effects of traps, taking 1into consideracion the effects of
averaging. Engine~ocut parciculate levels ancicipated to be
achievabie in the long run (i.e., following the initial couple
of yeara) were developed. These engine-out levels were then
combined with a trap efficiency of 80 percent to dectermine the
trap application rate necessary for compliance with the 0.25
g/BHP~hr standard. The trap application rate so determined was

60 percenc.

For Option 3A, where all HDDEs would be required to comply
with a 0.25 g/BHP-hr particulate scandard, che marginal cost
per engine was derived from che sum of cthe cotal cost of
applying traps to 60 percent of the engines, expressed as an
average over all HDDEa, In Option 3B, the marginal per engine
cost is the average cost over alkl enginea of applying traps in
L00 percent of che urban buses (which constitute 2 percent of
HDDEs) plus 60 percent trap utilizacion on che remaining 98
percent of HDDEs, 1In the case of Option 3C, 36 percent of all
HDDEa are conaidered to be in line-haul operacion. Tha
marginal cost per engine for this alcernative is, therefore,
the cost of applying traps at a ctrap inscallation rate of 60
petcent on those HDDEs which are not used in line-haul
operations (64 percent of che fleet) combined wich the cost of
compliance with a 0.50 g/8HP~-hr standard for the Lline-haul
engines (estimated at one-third to two-thirds the cost of a
trap system). The tabulated value represents the sales
weigheed combinaction of these coscs,

For oOptien 3D, essentcially 100 percent usage of
parciculace traps would be required, In addicion, 1in chis
timeframe EPA also escimates chat some small added fuel economy
penalty would be associated with a 0,10 g/BHP-hr scandard
effaective in 1991, This wvalue 1is estimated ac abouc 0.5
percent. The marginal coscts shown in Table 6-3 are, therefore,
those actributable to the installaction of particulate traps on
all engines plus the fuel economy effects of trap usage on all

HODEs.

The marginal costs appliecable vo Option 4 (the alternacive
adopted in the final rule) are the coscs relative co Option 38
of applying a sufficient number of B5 to 20 percenc efficient
traps in 1994 so as to achieve the 0.10 g/BHP-hr standard for
all HDDEs, allowing averaging for all engines except those used
in urban buses, In decermining the crap application rate
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required for non-urban bus HDDEs, allowance was made for some
expacted improvemants in available trap efficiency betweaen 1991
and 1994 and slight reductions in engine-cut particulacas
levats, The trap applicacion rate so determined was 90 percant
on non-urban bus HDDEs. In addicion, chis time perioc@d will
allow manufacturers to overcome the additional fuel economy
penalty associated with adopting 0,10 g/BHP=hr in 1991. The
coaus par endine represent the welghrved average of the sum of
the trap costs for a 90 percent trap applicatcion rate on
non-urban-bus HDDEs plus cthe costs of a L00 percent trap
application rate to the 2 percent of HDDEs used in urban buses,

The above discussions described the marginal cost for each
of the alternatives. Also given are overall coscs of each
option, which are aimply the sum of the marginal coscs of that
option plus any prior options included as earlier steps, FPor
example, the overall c¢ost of Opticn 4 13 the sum of the
marginal coscs of Options 2, 3B and 4.
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Appendix A

Summary and Analysis of Comments on the
Proposed Particulate Test Procedure for
Heavy-Duty Diesel Engines
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Summary and Analysis of Comments on the
Proposed Particulate Test Procedure for
Heavy-Duty Diesel Engines

Following the publication of the  NPRM, the HDD
manufacturers submitted written comments on the proposed
patticulate test procedure. Also, a meeting was held between
the Engine Manufacturers Association (EMA) and EPA on January
28, 1985 during which HDD particulate test procedure details
ware discussed. A memorandumm describing this meeting is
available in Docket A-30-18. The written ‘test procedure
comments as well as the verbal comments made at this meeting
are summarized and analyzed below in four groups.

The first group includes those which were well supported
by data or enagineering analysis and which will not affect
measured particulate mass. The recommendation here 1s to
essentially accept the test procedure revisions contained in

these comments,

The second group of issues include those which were not
well supported by available data or engineering analysis and
where the available data indicated that the change could
significantly atfect measured particulate mass. The
recommendation here is to deny these requests Eor test
procedure changes, until it becomes clear that such changes
will not affect particulate measurements.

The third group of 1issues are those upon which EPA
requested comment in the proposed rule, and the fourth group
are those which do not relate to Subpart N but are still
related to heavy-duty engine testing.

The analysis of each issue begins with a short description
of the aspect of the test procedure in question. The comments
made on  this aspect are then summarized. Finally. the
available information relating ko the issue is analyzed and a
tecommendation is made.

I. Recommendations Accepted by EPA

Exhaust System Length

Section B6.1327-87(f) of the proposed regqulations
specifles that the distance from the manifold to the end »f
chassis-type exhaust system should be a maximum of 12 Feet,
Also, the length of exhaust system tubing from exit of the
chassis-type system or from the manpifold to the dilutian tunnel
shall be no more than 12 feet {(maximum), if uninsulated, or .0
feet {maximum), 1if insulated. This tubing shall be made -t

stainless steel.

Summary of Comments: Ford is concerned that: Ly L2t
of chassis~type system may be too short for all in-use syster s,
and 2) two maximum exhaust system lengths are possib..,
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depending on whether a chassis type system is used (32 feet is
maximum) or if not (20 feet maximum).

EMA expressed concerned about the following three issues:

1. “EPA has addressed the 1issue of exhaust system
design in the existing Final Rule for gaseous emissions (48 FR
52227) considering the effect of upcoming particulate control.
In Section 86.1227-84{(f)(2){i) of this final rule, EPA permits
a total of 32 feet length from engine to tunnel inlet.”

*Engine manufacturers have all completed permanent test
cell installations following these gquidelines, EPA has made
some stignificant changes in the current proposed rule (49FR @
40314) that will cause significant modifications and undue
expense. EPA states that both a chassis-type and a
Eacility-type exhaust system may be used, It is not clear that
they infer “simultaneously." If EPA intends to permit only one
or the other system, then the individual lengths permitted
would require major test cell modifications to most Fagilities.®

2. EMA is also concerned that the material that was
specified for the tubing is stainless steel which they believe

(a) is different from the gaseous emissions rule, and (b} is

not necessaty.

. 3. EMA alsoc requested that the rules exclude insulation
in the vicinity of instrumentaticn such as smokemeters.

Mack also exp}essed concern on the issue of exhaust tubing
lengths., Their position, while raised separately, is generally
the same as the EMA position,

Analysis of Comments and Recommendation:! The waording in
the proposed test procedure regarding allowable exhaust system
lengths 1is somewhat ambiguous. It was intended to speclfy a
total exhaust system length of 32 feet, with the option of
using. either a chassis type system (with its own length
limitation), a facility type system or both tocgether,

The final rule limits the amount of uninsulated tubing to
12 feet, which limits the amount of conductive cooling that can
be achieved from the tubing walls at a place where the
temperature differential is greatest,. Yet, having up to 12
feet of uninsulated pipe provides reasonable flexibility for
engine changes without the incumberance of insulation, If the
typical length of an engines chassis exhaust is greater than 12
feet, use of the typical length is permitted, but only 12 feet
of it can be uninsulated.

A provision should also be made for up to 1B inches nf
uwninsulated tubing for instrumentation (an in line smoke mecer,
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for example) since such instrumentation is required by EPA.
However, ko maintain a consistent limit on uninsulated tubing,
such an uninsulated portion should be counted Lowards the
maximum total uninsulated length of 12 feet.

Based on EPA's experience, it appears that the type of
tubing steel should be irrelevant for diesel particulate
testing since it is soon covered with a layer of particulate
and further wall contact of the exhaust stream is unlikely.
The only exception would be steel with an extremely rough
surface which persisted despite a layer of deposited
particulate, which could occur if a rustable steel were used,
This could cause additional deposition. Thus, the tubing
specification should be changed to include typical in-use
exhaust system materials, which could reduce costs for some
laboratories, However, the steel should be free from any tust,

Thus, in summary, it 1is recommended that the exhaust system
specifications be changed and clarified to include provisions
for 1) a total length of 32 feet, 2) a system which can bhe
either chassis or facility type, 3) no mere than 12 feet of
uninsulated tubing, 4) tubing in vicinity of instrumentation
can be uninsulated, and 5) tubing can be made of typical in-use
materials, but must be free of rust.

Dilution Air Filtering ar Backpressure Measurement

Section 86.13.0-87(b)(1)}(iv)(B) of the proposed test
procedures requires the primary and secondary dilution air Lo
be filtered if background particulate is not measured,

Summary of Comments: EMA commented that if a manufacturer
does not filter dilution air or measure and correct for
hackground particulate, the manufacturer will only be
penalizing itself and not the environment {i,e., this will
cause a higher particulate emission calculation). Thus, EMA
tecommended that the engine manufackurer should be given the
option to simply use good engineering judgment to account for
background particutate (i.e., filter dilution air, measure of

background particulate levels, or ensure backpressure levels

are sufficiently low so as to be ignored),

Ford also believed that need for fiittering or background
correlation should be established by the manufacturer. It
recommended monthly background checks, and if background
particulate is less than 1l percent of the standard, then it is
assumed to be zero and background samples need not be taken
with each exhaust sample,

Analysis of cComments and Recommendations: EPA believes
that €iltering dilution air or accounting for background
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particulate levels is good engineering practice. However, if
background particulate levels are very low, there will be a
negligible error in the emission results. In any event, any
error will only overstate true particulate emissions.
Therefore, it is recommended that the manufacturer be given the
option to contrel or account for background particulate as it

sees fit.

Caleulation of Measured Particulate Mass

Section 86.1342-87 of the proposed regulations states "The
mass of parkticulates...is determined from the following
equation when a heat exchanger is  used (i.e.. no flow

compensation):

P P
Pmass= (Vmix + Vsf) x ( _f =~ bf ) x (1 - 1/DF)
v V4
sf bf
Where:
Vmix = Total dilute exhaust volume {(standard
conditions)
VsE = Total wvolume of sample removed from the
primary tunnel
PE = Mass of particulate on the sample filter
Pbf = Net weight of particulate on the background
particulate filter
Vbt = Corrected volume of primary dilution air
sampled by background particulate sampler
DF = Dilution factor
There are Ethree ‘issues here. They are: 1) should the

particulate mass on the filter plus the background be corrected
foer dilution factor effects, or should just the background be
corrected, 2) should the calculation be based on Van,x or the
sum of Vmyx and V.,, and 3) which equations should be
specified for systems other than flow systems with a heat

.exchanger.

Summary of Comments: EMA commented on all three of these
issues with the following statement. "The proposed equation is
both in-error and is inconsistent with all the equatinns
published in the Final Rule for faseous Emissicns (44FR
p.52236) §B6.1342-84(c}. In all the eguations (1} through ({4}
of this paragraph, HC, NOx, €O, and CO, mass are calculareg
based on Vmix and not o2n the sum of Va.x + Ver. Vo, s
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not a significant portion of Vg, typically Vs is less
than 0.1 percent of V..« and can be ignored and it should be
just as it is in the final rule for gaseous emissions. Also,
all these gaseous equations correct only the background
measurement by the dilution ratio effect., Therefore, the

equation for Pmass should be:

P P
£ _bf
Pmass = Vmix x V - v x (L - L/DF)
sf bE
Other sampling procedures will require different
equations, e.g., proportional mass flow control system and

systems where only secondary dilution air is filtered,
manufacturers should have the option to use alternate equations
compatible with their systems and good engineering practice."

Analvsis.  of Comments and Recommendation: It is
technically correct that only backgcound should be corrected
for dilution factor affects (this was a typographical error).

It is also true that the current equation only applies to
certain system designs. Thus, use of other equations that are
baséd on sound engineering principles, should be permitted Efor
alternate systems, but subject to prior approval with the
alternate system itself,

However, while V,r is small for many systems, including
essentially all gaseous pollutant sampling systems, with some
double dilution particulate sampling systems it could be
significant, Therefore, V.,; should continue to be included
in the egquation, if significant, However, little accuracy
would be lost if V.: were ignored if it was less than 0.5

peccent of Vg, ..

Thus, the recommendation 1is that 1) sampling volume
(Vir} be retained in the equation, if it is less Lthan 0.5
percent of Vn.u, 2) only background be corctected for dilution
factor effects, and 3) other equations be permitted, if
approved in advance by the Administrator.

Balance Requirements

Section 86.1312-87(b) of the proposed regulation requires
that the balance used to determine the weights of all Ffilters
shall have a precision and readability of one microgram.

Summary of Comments: EMA does not belleve that the ane
microgram balance is necessary because the accuracy gained does
not justify the addi-iocnal expense and increased welighing -ime
associated with the ane microgram balance. In addition, to
EMA's knowledge there are not any one microgram electronic
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balances available that have weighing chambers large enocugh for
the 90 mm or 110 mm filters thakt are used on the EPA transient

test cycle.

EMA also presented the results of an analysis that was
conducted that compared the overall accuracies expected with 1
and 10 microgram balances., The 10 microgram balance was
analyzed assuming a precision of 20 micrograms. EMA concluded
that although the 1 microgram balance improves the E£ilter
weighing accuracy by a factor 20, this accuracy is lost in the
particulate equation where other measurements are included that
hava 1 percent, 2 percent, or even 3 percent uncertainty, The
nek effect is that the 1 microgram balance, as compared to the
10 microgram balance with a precision of 20 micrograms, reduces
the error by only .02 percent, from 5.30 percent to 5.28
percent. {This was calculated with a filter loading of 4 mg.)
EMA believes that this example illustrates the fack that there
is little benefit in having one measurement substantially more
accurate than other measurements used in the same process.

EMA also makes an argument about the cost of balances. A
typical 10 microgram balance costs approximately $3,000 but a 1
microgram balance costs approximately $7,000. They feel that
the additional expense of a 1 microgram balance should not be
torced upon manufacturers because the above analysis does not
justify it in terms of gained accuracy.

Analysis of Comments and Recommendation: EMA's analysis
of errors contained in their test procedure comments appears
fundamentally sound. The affect of using a balance with a
precision of 20 micrograms and a readability of 10 micrograms
appears minor and thus it is recommended that the test
procedutes be changed to reflect this.

Filter Reweighing

Section 86.1339-87 of the proposed regulations requires
that if a Eilter is removed Erom the weighing chamber and nct
used within one hour, it must be reweighed.

Summaty of Comments: EMA sees no justification for <his
requirement and recommends its deletion. They argue rnhat
"there can be occurrences when an unscheduled test delay oceurs
and filter and holder assemblies remain out of the weighing
chamber for more than one hour. During this delay, the filtey
disc may be installed in the sealed holder and no changes n
dust or moisture content could occur, If the filter asserciy
was installed in the test fixture during this delay and :@ -»
moisture penetration and deposition could occur, mere mois: .o
deposition will occur during subsequent sampling of the axn..
gas mixture. All moisture deposition either prior to or d.:.::
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sampling that is condensed on the filter will become adjusted
to the weighing room's moisture level during the stabilization
period prior to final weighing,*

Analysis of Comments and Recommendation: The purpose of
the rules regarding reweighing is to reduce water vapor and
particulate contamination of filters Efrom sources other than
test-generated exhaust. If a filter is installed in a
completely sealed filter assembly, or a sealed filter holder
assembly is placed in the sampling line through which there is
no flow, then such contamination should be so negligible that
filters should he able to qo up to 8 hours before they would
have to be reweighed., However, if these conditions of filter
placement are not met, then filters should be reweighed after 1
hour., Thus, it is recommended that the requirements be changed
te: 1) specify reweighing after 8 hours if the filter is in a
sealed holder assembly or in a sealed assembly mounted in a
sampling system through which there is no £low, and 2} specify
reweighing after aone hour {f the above . filter placement

criteria are not met.

"Sandwich" Filter Handling and Weighing

Secktion 86.1339-87 of the proposed rules requires Gthat
both the primary and backup Eilter be weighed independently so
that the ratio of their net weights can be determined. The
backup filter net weight is deleted if it is less than 5§

percent of the total,

Summacy of Comments: EMA comments that "Some EMA members
weigh both primary and back-up filters together as a pair.
Then, after sampling, in removing filters from the holders, the
back-up filter is inverted on top of the primary filter placing
both faces with sample accunmulation ‘sandwiched® tc the
inside. This procedure reduces the potential of lost sample
since now the filter ‘sandwich' can be handled with tongs
anywhere iIncluding the center, This 1is especially desirable
with large diameter filters which tend to sag when supported at
the end. Weighing as a pair will, of course, reduce the numbher
of required weighings, but will not permit the determination onf
the ratio of the net weights which 1is the manufacturers

penalty."”

Analysis of Comments and Recommendation: The procedure
that EMA discusses appears to he technically socund. Loss of
sample from filters that are weighted individually does not
appear to be a problem at the present, but the EMA procedure
appears to reduce rthe likelihood of sample loss even further.

The rule allowing a laboratory to not count up to 3
percent of toktal particulacte filcer loading due to particulare
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on the back-up filter is another peint that EMA brought up that
also deserves analysis. Whereas this has been a part of the
HDD particulate testing procedures from their incepticn, it is
not good practice since it allows up to a 5 percent ercor which
could easily be avoided. This change will not be made during
this rulemaking because prior notice has not been given and
some may consider it an increase ipn stringency. Nevertheless,
its elimination should be considered in the future.

The recommended action on this issue 1is that the
*sandwich® filter handling and weighing procedure be permitted.

Provision for Automatic Data Collection Systems

Section B6.L1310-87{(h){5)(iili}) of the proposed rules
specifies that “Chart deflections should be converted to
concentration . before flow compensation and integration®
{underlining added).

Summaty of Comments: Ford feels that this does not
account FEor autamatic data collection (ADC} systems and
therefaore, should be changed to include chart deflections and
analyzer voltage outpuk,.

Analysis of Comments and Recomnendation: This section
dates from a period when ADC systems were generally not used.
ADC systems acre now common and therefore Ford's recommendation
is quite reasonable. Therefore, it is recommended that use of
analyzer voltage output be permitted.

Hot~-Stark Restart for Reasons Other Than Engine Sekall

The current reqgulations for gaseous emissions (Subpact N,
Section 86,1336-84(c)(3)) provides for a hot-start restart if
the engine stalls, but no provision 1is made for hot-start
restart after operator error or other small malfunctions that
can void a test,

Summary of Comments: Caterpiliar suggested including test
voiding in the wording for hot start restarts. They feel that
this would improve testing efficiency. -

Analysis of Comments and Recommendation: The rules
tregarding hot-start c¢ycle restarts were revised to include
equipment malfunctions and were published in the Federal
Register as technical amendments on December 10, 1984. These
changes should adequately address Caterpillar's concerns on
this issua.

[I. Recommendatcions Mot Accepted by EPA

Six comments addressed aspects of the procedure which hawve

the potential to substantially affect measured particulates . In
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no case was there a substantial amount of data available upon
which to base a decision., However, in every case the available
data indicated that measured particulate mass could be affected
and thus that the current specification was necessaty to
prevent biased measurements and unnecessary variability. In a
few cases, the analysis indicated that even ¢the present
spacifications may allow wundue variability in particulate
measurements. These aspects of the procedure should be
reevaluated in the near future.

Location of Sample Line Temperature Specifications

Section 86.1310-87(b)(1){i)(A) of the proposed regulation
specifies a maximum temperature of 125°F at khe sampling =zone
{in the primary tunnel) for single-dilution systems, but for
double dilution systems, the 125°F criteria applies at the
filter face.

Summary of Comments: EMA recommends that the requirement
to be below 125°F at the sample zone for single dilution be
changed to refer to 125°F or less at the particulate filter, in
line with the double-dilution temperature requirement. The EMA
feels that this temperature limit is generic in nature and not
dependent on the type of sampling system used; 1i.e., this
temperature limit and location should also apply to single

dilution systems.

EMA also presented data that they feel indicates that the
sample zone tempetature has no influence on the single-dilution
particulate results, This data compares simultanecus samples
taken with a single-dilution system and a double-diluticn
system, The single~dilution system had a peak sample zone
temperatures in the 220°F range yet peak filter temperatures of
ahout 1l0°F. The heat loss was taking place in the sample
transfer tubing and Eilter holder, The average difference in
particulate mass results between the two sSystems was less than

0.5 percent.

In the EMA-EPA meeting of January 28, 1985, it became
apparent that the main 1issue here was the amount aof heat
transfer that can be permitted in the sample transfer sections
of the single-dilution or, for that matter, the double-dilution

system.

Analysis of Comments and Recommendation: EPA's diesel
particulate sampling system specifications are based on seversl
precepts, two of which relate to the lssue raised by Eua,
These are! 1)} exhaust should be cooled ko 125°F or le&ss pricr
to particulate sampling, and 2) rhis should be done to rne
greatest extent possidble by convection (i.e., using diluc:.n
air) as this is the manner in which exhaustc from an in-nse
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engine is cooled in the atmosphere. The issue here is not the
125°F maximum temperature but rather how to achieve it.

The criteria €or heavy-duty single dilution sampling
systems came from those for light-duty (LD} particulate
sampling systems, which 1s the area where most of the data
exist with respect to testing procedures, The light-duty
criteria (which is a single dilution system) is a maximum
temperature of 125°F or less in the dilution tunnel, This
reflects EPA's desire to maximize heat transfer by convecticon
(i.e., all cooling must take place in the tunnel) and limit
conductive heat transfer (i,e., heat loss in the sample line
cannot be used to veach the 125°F limit).

For heavy-duty (HD) particulate sampling, the same tunnel
maximum temperature of 125°F for a single dilution system
represents a direct extrapolation from LD experience and is.
technically, the most desirable system. However, for HD this
requires very large CVS systems (and large costs) and thus EPA
has allowed the alternate, double dilution system. EPA's
intent for this double dilution system 1is the same as for Lthe
single dilution system; to achieve the majority of cooling
through convection. In establishing the specification for
temperature (125°F) for this double dilution system, it was
applied to the filter face rather than Ethe tunnel since all of
the tunnel flow is filtered and tie end of the diluktion tunnel
is essentially the same as the filter Fface {(i.e.,, it doas not
matter which is specified). *

The data presented by EMA (see Table A-1}) compates the
particulate results from a sipgle dilution system experiencing
a minimum of 110°F of conductive cooling to results from a
double dilution system which also appears to allow much
conductive cooling. The double dilution system used conforms
to EPA regulations, the specifications for which wete made with
two purposes in mind. One was to limit cenductive cooling.
The other was to allow reasonable lengths of transfer lines,
ate., for ease of assembly and leocation in the test cell. It
appears that the flexibility granted may have been excessive,
as it was not the intent of EPA to permit excessive conductive
cooling from the double dilution system. Thus, at issue is not
so much the single dilution system specifications but rather
those of the double dilution system, which may have to be
modified in order to reduce the allowable amount of conductive

cooling.

While there is a limited amount of data which shows the
effect of conductive heat loss from sample transfer lines on
particulate concentracions (particulate increases as the degrae
of conductive cooling increases),[1}]* what is avalilavle

b Numbers in brackets refer to References found at the end
of this section,
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Table A=l

Similvanecus Particulate Sampling - EPA Transient Test

Single Dilution System Double-Dilucion Syscem
Paak Tenp, F Temp, °F

Cycle
(Hor/Cold) Sample Pare, Part. Peak Dilucriocn
{(H/C) Zone_ Filter g/BHP=hr g/BHP=hr Fllcer _Aip-In % Dif*
Engine A - Turbocharged 6 Cyl., 4=Cyele, D.I. Diesel
1 c 212 102 570 .580 104 80 =-1.7
2 H 220 109 604 603 107 83 0.2
3 H 221 109 .G0L 591 109 86 1,7
4 H 221 110 591 5958 109 a5 -0.7
5 H 226 110 .608 620 109 84 -1.9
6 H 225 110 613 613 109 84 0.0
7 # 225 110 809 606 109 84 0.5
8 c 222 L06 502 599 100 76 0.5
9 H 218 LLl .620 524 103 80 -0.6
10 H 220 113 .G03 614 105 82 -1.4
i1 H 221 109 .638 635 101 7 0.5
12 H 223 it .B51 .£29 103 8 3.5
13 H 222 L10 .633 648 102 7 =-2.3
14 H 222 142 f25 633 104 78 -L.3
5 c 213 103 625 631 94 73 -L.0
i H 219 109 .613 628 94 76 -..9
L7 R 221 LLL 617 627 103 79 -t,h
18 H 222 11l 609 .618 104 78 ~1.5
19 H 222 Li3 625 .622 g6 80 n.5%
20 H 223 114 .624 637 L04 a2 =2,
20 H 223 LL3 621 633 106 82 =)
ngine B - Turbocharged B-Cyl., 2-Cycle, D,I. Diesel

H 299 190 .389 397 79 89 -0
23 H 302 L78 .387 .38l 78 a0 Lesh
24 H 214 136 427 427 79 92 A
25 H 174 122 .484 +460 78 92 T
2 H 153 109 .464 484 75 a7 e I

* Percenc difference, singte dilution comparet to Aouble diiution,
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indicates that conductive cooling should be limited to the
fullest extent possible. None of it argues for further
relaxations. Thus, it is recommended that nc changes be made
in the specifications for single dilution systems, since this
system still represents that which is technically most
desirable. No tightening of the specifications for the double
dilution system should be made at this time, since none were
proposed. However, the specifications Eor the double dilution
system should be reevaluated in the future to determine if the
degree of conductive cooling currently allowed is acceptable,

Sample Flow Specifications and Proportionality

Section 86.1310~-87(k){6),, paragraphs {1)(B and ¢},
(LiY(E)(1l and 2) and (ii){G and H), require that the gas stceam
temperature into the particulate sampling system £low
instrumentation and sample pumps be maintained at 77° +9°F, and

" also that certain temperatures be maintained witchin limits of

+5°F.

: The' intent of these proposed requirements is tao assure
accurate measurement of both the exhaust sample mass extracted
from the primary tunnel and the mass of the secondary dilution
alir entering the particulate system. This allows establishing
a means for maintaining the proportionality Dbetween the primary
tunnel mass £low and the extracted exhaust sample.

Summary of Comments: EMA and GM expressed 1in their
written comments that they believe that this section of the
regulations should provide system performance requirements, but
should not mandate the means by which such performance is

accomplished,

In the EPA/EMA meeting subsequent to the submission of the
written comments, it became apparent that an additional major
issue of concern is the issue of proportionality between tunnel
and sample £flow, EMA's position is that: l}) the proposed
regulations currently permit a +5 percent deterioration in
gample €£low from the set point for non-flow compensated
systems, and this same +5 percent tolerance should be permittead
for £low compensated systems, and 2} a +2 percent flow change
specification is permitted for the main tunnel flow, and these
two Elows (tunnel and sample lines) are independent and thus
the permissible limits should be added to permit a total of +7
percent deviation f£rom proportionality,

Analysis of Comments and_Recommendation: The proposed
temperature requirements for particulate sampling system £low
instrumentation and sample pumps are appropriate for some
systems but may not be appropriace for others, This c¢an he
addressed by retaining the current proposals for sample flow
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handling and measurement but adding a provision that permits
alternate systems if Lthese are shown to yield equivalent
results and if approved in advanced by the Administrator,
Section B86.1310~87(a)(7) contains a similar statement, but it
is not clear if it pertains to particulate sample flow handling
and instrumentation systems and, thus, the above clarification
will be useful,

The proposed rules are not adequately clear on the limits
of proportionalicty. The rules should be made explicit and
uniform for both types of systems (flow compensated and
non-flow compensated), The gquestion is what should the
specifications be.

EMA helieves that tunnel flow and sample line flow are
independent and therefore the tunnel flow limits (+2 percent)
and nonproportional €£low limits (+5 percent) should simply be
added together to yield overall proportionality limits of +7
percent. While the independence of these two errors c¢an bhe
debated, the issue hete is not equity, bubt accuracy. The
errors allowed for the currently specified system were derived
from the limits of equipment, not a decision that the errors

wara the lowest desirable. Flow-compensating equipment
available commercially is capable of meeting a +5 percent error
specification at & reasonable cost. The overall

proportionality limit of Eflow-compensated systems should,
therefore, remain at the 5 percent level contained in the
proposed rules. However, this level of non-proportionality (+5
percent) may itself be excessive and should be studied
further. EMA has stated that they will be submitting data on
thig issue, which should be useful for this purpose.

Thus, in summary the recommnended resolution of this issue
is that 1) the proposed flow handling and measurement wording
be retained, 2) a provisiol be added that permits alternate
systems if these are shown to yield equivalent results, and 3)
a clarification be added which states that the +5 percent
vproportionality limit applies to both flow compensated and
non-flow compensated systems.

Test Cell Temperatures During Naktural Cooldawn

Secktion B86.1334-8B4 requires the test cell temperature
during natural cooldown to be 68 to 86°F,

Summary of Comments: EMA  states in their written
submission that:

".,.,None of rthe engine manufacturers have the capabiliny
of coeling the test cells to assure that the nacural
cooldown temperature limit can be met. If the limit can
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not be met, then a test may be pastponed until the weather
¢hanges, This practice 18 currently inefficient, but it
will become intolerable when Selective Enforcement

Auditing becomes effective.”

"In Section B6,1330-84 the cell ambient temperature during
the transient test is not required to be conktrolled for
engines which do not have temperature dependent auxiliary
emission control devices. The logic used for the cell
ambient temperature during the transient test should also
be applied to the natural cooldown."

In an EPA/EMA meeting subsequent to the submission of
EMA's comments, this issue was discussed further., One aspect
of the discussion centered on the fact that two different
temperatures are specified in the Code of Federal Regulations
{CFR) at which a cold start emissions test can be started., If
the engine is force cooled, it cannot be started unless the o0il
sump is at 75°F, yet Lf the engine is naturally cooled it can
be started at B86°F. This requirement has been in place since

L1984,

Analysis of Comments and Recommendatiocn: The fundamental
purpose Eor cooling an engine by eithet natural or forced means
is to bring it to a temperature that s somewhat representative
of an in-use engines cold start, This is particularly
important for the measurement of HC and particulate emissions,
since emissions of these pellutants tend to decrease as cold

start temperatures increase. The temperature specification
that was selected for natural cool down was 77°F, with a
tolerance range of +9°F, This was based on the current

light-duty practice. Even though the upper limit of this range
is B86°F, good engineering practice would dictate a target value
for natural cool down of 77°F, and this is in fact the intent
of the rule. The fairly wide tolerance band is due to the fact
that most test cells due not have precise temperature corntrol,

particularly in the summer.

A forced cool down procedure was added at manufacturers'
request to shorten the time necessary to prepare an engine for

a cold-start test. The upper temperature limit of 75°F for
forced coel down 1s consistent with the natural cool down
procedure for two reasons, Since it is relatively easy tao

control the final temperature of a forced cool down, there is

.no need to specify a wide tolerance band about the desired

target, There is no practical difference between 77°F and
75°F, particularly ceonsidering that the forced cool down oot
much quicker than the natural cool down and, thus, some rekbaound
in temperature 1is likely to weccur. Also, since forced ool
downs are performed to 3save time, it is reasonable Lo expoeur
that they will be stopped as scon as the reguired rtemperatuie
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is reached. Thus, if 85°F were the upper limit, this would
alsg be the average, The same should not be true for natural
cool downs since manufacturers are not expected to purposely
control the overnight temperaturas of their test c¢ells to the
upper-limit B86°F temperature, Thus, unless data are supplied
demonstrating that higher c¢old start temperatures have no
effect on emissions, it is recommended that no changes be made

in the cool down procedure.

Practically speaking, rejecting EMA's recommendation
should conly have a minor economic impact on test costs. While
air conditioning test cells to ensure temperatures below B86°F
for natural cool downs can be quite expensive, this is not the
only alternative available to manufacturers. The forced cool
down procedure can be used. Some manufacturers objected to
this, due to the need to use city water to reach the 75°F
limit. However, internal cooling water can be used to provide
most of the necessary cooling and the cooler city water can be
used to provide the last 10-20°F o©of cooling, While
constituting some cost, the overall cost is less than that of
the water itself, since this water will be added to the cooling
water system within the lab and recycled.

Diluticn Air Temperature Limits

Sections Be.13L0-87(b}{1l)({iv)(A) and 86.1310-87(h)
6)(ii){€) of the proposed regulations provide a temperature
specification for primary and secondary dilution of air of 68

to B86°F.

Summary of Comments: EMA provided the following
discussion on this issue,

"The EMA feels that direct ceontrol of the primary and
secondary dilution air temperatures are not necessary and
have a significant cost impact to the manufacturers,
especially at this late date. The manufacturers have
already committed the large amounts of resources necessary
toe design and construct the necessary test Ffacilities
capable of conducting the transient test procedure for
gaseous emissions (finalized in November 1983). The
gaseous FTP did not require control of the dilution air
temperature and, in light of this, most manufacturers
included only heating capabilities into the construction
of their testing facilities in order to provide Ffor
testing during the winter months. The EMA presented this
item in its gcormrTents to the EPA on the gaseous FTP in
April 1%83."
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"Due to the leadtime necessary to construct these
Facilities, in anticipation of the gaseous FTP, the
manufacturers were led to believe that the CVS systems
constructed to meet these procedures would also suffice
Eor the impending particulate test procedures. To
redesign and modify these established systems in order to
add the necessary cooling capabilities would be a
difficult and expensive task Eor the manufacturers and
could peossibly Fforce the relocation of entire CVS
systems. An industry estimate ranging from $280,000 to
$420,000 has been obtained to equip test cells with the
necessary cooling capacity and controls.® '

The EMA is in support of the 125°F maximum temperature
requirement at the particulate €filter holder. This
temperature limit effectively necessikates primary and
secondary dilution alr temperatures to be significantly
helow 125°F, In essence, the particulate filter
temperature requirement indirectly regulates the dilution
air temperatures to practical ranges. As suggested in SAE
Paper 800185,[2] little is known about the influence of
dilutiaon air temperature on particulate measurements since
investigations to date have not separated the dilution air
temperature factor Efrom other dilution and sampling
effects., What can be said is that the combined effects of
many of these factors on particulate measurements are
small, in the range of ambient te L25° F, suggesting that
any variations in dilution air temperature would .have
insignificant effects on particulate measurements,”

“The EMA recommends that the dilutien air Lemperature
range (68 to 86°F) requirement be modified to allow
temperatures above B6°F, provided the dilution air is not
artificially heated above this temperature, This would
save the manufacturers the cost of adding cooling capacity
to their dilution air systems in order to provide for high
ambient temperatures occurring during warm summer monkhs."

Analysis of Comments and Recommendations: EMA  has
suggested that little is known regarding the influence of
dilution air temperatures on particulate mass concentratians,
While this is partially true, there are some data that show
that dilution air temperature is potentially a significant
factor, These data are presented by Reichel et al.,[l] whare
they show a 23 to 233 percent decrease in particulate
concentration when the dilution air temperature is increased

from &8°F ko 122°F, When +he ditution air temperature is
increased from 36"F to 122°F, the tunnel partical e
concentration decrceases by about L7 percent. These reducr. .

in particulate concentracion dre primarily due to pe
desorption of organics, according to the authors' theorer. ',
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calculations and thermogravimetric observations. EMA did not
specify how much in excess of "86°F they would like the upper
limit for @ilution air temperatures and the dilution air
temperatures in the manufacturers’' facilities would not 1likely
reach the 122°F of the above cited data. Nevertheless, the
data do indicate a significant effect on particulate
concentration due to dilution air temperatures,

EMA also refers to EPA's promulgation of the final rule
for heavy-duty gaseous emissions and they imply that this rule
also included all of the provisions needed Ffor particulate
measurement. Actually, numerous changes in the final gaseous
test procedure requirements were made by EPA so that the
manufacturers would not have to invest in eauipment needed for
particulate measurement at that time, if not so desired. EPA's
intent in so doing was to delay particulate testing equipment
requirements such that there could be a more ordered phase-in
for these equipment needs, One way of doing this was ¢to
attempt to assure that new equipment that would be purchased
for compliance with the gaseous emissions testing rules would
also be useful when particulate testing was required. For
example, use of a dilution tunnel was allowed under the gaseous
emission regqulations, but was not required. However, the
gaseous rules and supporting documents did not imply that
pacticulate testing would not require additional equipment and
specifications such as secondary dilution tunnels, weighing
balances, and dilution air temperatures, An additional
obsaervation on dilution air temperature Limits 1is that these
limits have also been in effect for seven years of light-duty

particulate testing,

Therefore, since dilution air temperatures can have a
substantial effect on particulate emissions, no changes in the
proposed dilution air temperature regquirements should be made
until some further date when sufficient data are available to
establish that no effect 1is present or to establish
satisfactory correction factors.

Humidity Effect Cotrection Fackor for Particulate
Measurements

No humidity-related correction factor currently exists for
particulate measurement.

Summary of Comments: EMA submitted a limited amount of
data on the effects of humidity on particulate measurements and
intends to submit additicnal engine data at a later date. The
current set of data show that the effeect of humidity on
particulate is in the npposite direction and abmut
three-fourths the size of chat for NOx, The equation would be
of the same general form as the NOx humidity correction factor

equation.
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EMA recommends that EPA consider a humidity effect
corraction fackor for particulate measurements using the
submitted data, with the option of accepting additional data at

a later date.

Analysis of Comments and Recommendation: The data that
are available on this subject are very limited (see Table A-=2)
and are an inadequate base upon which to formulate a rule
change of the magnitude suggested in the EMA comment. In
particular, no data exist on the impact of wvarious control
technologies (e.qg., trap-oxidizers) on this effect. Therefore,
it is recommended that resolution of this issue await receipt

of additional data.

Sulfur Correction Factor

EMA suggests that a sulfur cortection factor similar to
the NOx humidity correction factor be employed to correct for
the observed increase in particulate with an increase in fuel

sulfur.

Summary of Comments: EMA cites data that show that for
each 0.05 percent Ffuel sulfur mass increase, there 1is a
corresponding increase in measured particulate emissions of
0.024 g/BHP-hr due only te the change .in fuel sulfur. EMA
suggests that a correction factor be used te correct for this
perceived inequity. Furthermore, EMA believes that a sulfur
correction factor will become more important as particulate
standards become more stringent in the future,.

Caterpillar raised a similar concern about the inclusion
of water (which 1is asscciated with sulfate particles) in
measured particulate mass.

Analysis of Commenis and Recommendation: Recent test data
have heen generated in two apparently well-designed and
controlled studies to determine the effecks of wvarious diesel
fuel parameters on particulate emissions. Sulfur content was
one of the parameters studied and a significant effect was
found., ~ EMA quotes the results of one of these studies; that
conducted by Chevron, (Pata from the other study by Mobil and
Caterpillar have not yet been published.) Thus, the fact that
fuel sulfur content affects particulate emissions is an
accepted phenomena, However, how this effeckt wvaries CEfrom
engine to engine and with control technology is not well known.

EPA'Ss current Ltest fuel specification for sulfur levels is
between 0.2 and 0.5 weight percent. However, EPA's intent is
to use a fuel Lthat is representative of commercial fuel and
closely specifies sulfur content when purchasing test rfuel.
This approach limits changes in EPA's Efuel sulfur levels to
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Table A=2

. Caloulaced "A" Valuas
For Parciculace Humidity Correction Factor

o T ———
H

Mean Parc.

Engina Calaulaced {g/BHP=hz)
Cummina #1 +.0022 .66
Cumanina #2 +.0022 .39
Mack #1 +.00L44 .56
Mack #2 +.00099 .28
Mack #3 +.00042 .45
Mack #4 +.00017 .83
Mack #5 +.0025% .50
Mack #6 +.00123 .49
Mack #7 +.00275 LA42
Maack #8 +.00138 .35
Mack #9 +.00107 .61
Mack 676 +.00317 .64
IHC #1 +.00107 .61
Cummins 203 +.00383 .79
DDAD 871 ] +.00303 .42
Cacarpillar #1 +.00204 W67
Cacerplillar #2 +,00205 .52
Cacerpillar #3 +.00094 .40
Cacerpillar #4 +.00L07 .52
Cacverpillar #5 +,00L13 L.77
Cacerpillar #6 +,00097 .56

Avg. 0.00170
* Equacion for Correccion Factor:

Corrected Parciculate = {

L

A THumidley = 75y) K Observed Part:viiice
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+0.05 weight percent sulfur or less, Taking Chevron's
relationship at Face wvalue, this change in sulfur levels could
result in a change in particulate emission levels of +0.024
g/BHP-hr, which is +4 percent of the 0.6 g/BHP-hr particulate
standard., While this effect would represent a greater percent
of a 0.25 g/BHP-hr particulate standard, use of particulate
control devices such as traps should reduce the size of the
fuel sulfur effect somewhat. Nevertheless, this degree of
potential variability is larger than generally desired.

The relatively wide specification for sulfur content
allows the sulfur content of the test Ffuel ko change with cthat
of commercial fuel without requiring modifications to the CFR,
which are costly and time consuming. This flexibility is
intended, from EPA's point of wview, and should be maintained,
Use of a sulfur correction factor would necessarily require
that a target fuel sulfur level be specified, essentially
removing this flexibility, As the sulfur content of EPA's
current (or projected Euture) test Ffuel 1is not markedly
different that that used to develap all of the particulate
emission data used in the technical feasibility analysis in
Chapter 2, retention of the current provisions does not affect
the feasibility of the standards being promulgated as long as
the sulfur levels of commercial €fuels do not increase
dramatically in the future.

The issue of in-use sulfur levels is addressed in Chapter
2, as a number of manufacturers requested that in-use sulfur
levels be controlled to lower levels by EPA to allow use of
various aftertreatment technology. There it was determined
that the feasibility of the final particulate standards was not
contingent upon this control, However, it was also indicated
that the c¢ontrol of commercial fuel sulfur content would be
further investigated in the future as a means of controlling
particulate emissions, Investigation of the potential for
in-~use sulfur levels increasing in the future is a natural part
of such a study. Thus, any potential for high in-use sulfur
levels, and thus, high certification fuel sulfur 1levels, to
cause the particulate standards to be infeasible will bhe
investigated at that time. In the meantime, with relatively
constant fuel sulfur levels, Ffeasibility should not bhe an
issue, Thus, it is recommended that no changes be made to the
test procedures to account €for the sulfur content of the test

fuel.

Caterpillar suggested the elimination of the inclusion of
water associated with sulfate in the measured particulate
mass. How this could be done is not clear at this point and
requires Ffurther study. However, ammoniation of the filtered
particulate is one possible approach., As discussed above, the
standards being promulgated are based on measurements which
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include such water. Removingi-theiCwaterRnow would either reduce
the stringency of the standards or require that the standards
be modified. Thus, no action should be taken with respect to
water measurement at this time. Furcher study may be merited,
however, if future sulfur levels increase, or if desirable
future control technology is found to affect sulfate, and thus,
water levels. This study should be coupled with the analysis
of future commercial fuel sulfur levels and their potential

control described above.

I1t. Issues Raised by EPA in NPRM

The NPRM requested comment on four issues because of
potential improvements were believed to exist in these areas.
These areas were! L} the possibility cof relaxing the cycele
performance statistics of horsepower standard error, 2) the
possibility of changing the primary totque measurement method
to an electronically compensated case load system, 3) the NOxX
correction Eactor for humidity, focusing on the adequacy of the
current factor for low NOXx engines and 4) the addition of a
standard calibration procedure for HDGE throttle control

systems,
In general, EPA received little response to these issues.

From the comments that were received it can be concluded that
no dissatisfaction or known problems with the current

there is
system. The only area that did result in the receipt of data
was the NOx correction factor, where the data presented

indicated that the ocurrent NOx <correction factor was
appropriate for low NOx engines as well as current engines (see
Tables A=3 and A-4). Thus, as a result of the comments and
analysis of these four 1issues, no changes should be made in

these areas.
IV, Qther Issues

The last group of issues do not directly relate to Subpart
N but will nevertheless be addressed here because they deal

with test procedures.

Smoke Standards

EPA did not propose to eliminate the current sroke
standards when it proposed to add particulate standards.

Summary of Comments: Mack commented that an engine that
meets the 0.60 g/8HP-hr standard will easily pass the .+ «.
standards and therefore, the smoke standards are not new<ie|.
They present no data to support this but state that it is .. .d

on limited data.
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Tabla A=3
Calculacaed "A" Values For

NOx Humidity Correction Factor -=-
Engines Wich NOx Emiasiona Greatar than 6.0 g/BHP=hr

Mean NOXx
Engina (gq/8HP~hr) Calculated "A"*

Praviously Submicced Daca®®
Cacerpillar k1L 6.68 =-,0017
Catarpillar #2 R.98 -.0025
Cummins #2 7.66 -.0023
Cummina #3 6.36 ~-,00L7
Mack Rl 7.85 -,0032
Mack #2 9.39 -+.0028
Mack #3 -.0028
Mack #4 7.74 -.0037
Magk #5 7.44 -,0025
Mack #6 7.02 -.0024
DDAD #3 6,12 ’ -.0029
Mack 676 7.47 ' -,0022
CDAD 871 : 7.66 ‘ -.0025
Addicional Daca
Catarpillar #1 9.11 -.0027.

7.98 -.0029

Catarplllar #2
Avarage A = -,00259

g Equacion for Correction Factor:

_ 1 .
Corrected Parviculace =( ——7 fTamidTey = 75))x Observed Parcticuiize

A-B0~-18, Parcticutace Regulacions £ar

**  public Docker No.
September L3, 1982, Appeni:x

H.D.D.E,, "Statement of che BE4A."
“D", p. 2, Tablie |,
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Tabla A-4

Calculated "A" Valuas For

NOx Humidity Correcuion Factor --

Enginas With NOx Emissions Less than 6,0 g/BHP-hr

" “Mean NOx
Engine {g/BHP=hr)

Proviously Submitred Daca**
Cumnina #1 5.4
Mack #1 4.93
Mack #2 5.73
Mack 3 5.40
Mack #4 4.97
Mack #5 4.513
Mack 26 4.46
DOAD #1 4.74
DDAD #2 4.05
Cumping 9032 5.08
Additional Daca
Caterpillar #3 5.96
Caterplillar #4 5.16
Cacerpillar #5 4.82
Catcerpillar #6 4.61
* Equacion for Correction Pactot:

Cotrrecced

_ L
Particulate = (+—arEonias

Average

Calculaced

A=

-.0021
-.0024
-.0029
-.0029
-.0027
-.0025
~.00248
-.0032
-.0036
-.0023

-.0021
-.0024
-,0027
-.00286

-,00266

v = 7§)) X Observed Parciculace

"A"*

P —

**  Publiec ODocket No. A~80-18, Parciculace Regulacions far
H.D.D.E., "Statement of che EMA." September 13, 1982, Appeniix

"D", p. 2, Table L.
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Analysis of Comments and Recommendation: Low particulate
emission standards may lower smoke levels on average, but will
not necessarily gquarantee smoke levels below the smoke

standard, This is because the two standards and their
agsociated test procedures are not mutually inclusive as to
intent and result. The purpose of the smoke standard is to

control worst-case smoke levels, whereas the purpose of the
particulate standards 1s to control average transient cycle
particulate. Since the engine o¢perating conditions which
produce worst-case smoke are not dominant in the transient
cycle, a given engine could conceivably pass the particulate
standard and fail the smoke standard. The implementation of
traps may be the one particulate control approach that would
provide smoke control, since traps are effective under all
driving conditions. However, it is wunlikely that all! future
engines will be equipped with traps and the cost of running a
smoke test is quite small. Thus, it is recommended that the
smoke standards and their associated test requirements be

retained.

Qfficial Test Data

Paragraph B6.090-29(b){3) (i) requires that the
Administrator's data shall comprise the official test data for

any engine tested,

Summary of Comments: Mack feels that there is a wide
variation in test results from facility to facility with no one.
facility singled out as grossly superior or in errcor.
Accordingly, in cases where the manufacturer and Administrator
differ by more than 10 percent, Mack recommends use of a third

laboratory as a referee.

Analysis of Comments and Recommendation: The designation
of EPA data as the official test data has been in effect since
the implementation of emission standard in the early 1970's.
As no evidence was presented that demonstrates why the current
approach is inadequate, it is recommended that no change should

be made,

EPA Approved Equipment

Paragraph 86.090-29(b)(2) requires the manufacturer to
ptovide "...instrumentation and equipment spegified by the

-Administrator...." (underlining added).

Summary of Comments: Mack commented that "In the gast,
manufacturers have been allowed deviations Erom the
instrumentation specified in the Code of Federal Regulations
based on demonstrated equivalency. Mack feels that there is no
reason to abolish rchis practice and the flexibility that it
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allows, They feel that demonstrating equivalency guarantees
that the accuracy of the testing will not suffer. Mack feels
that the wording should be changed to "...instrumentation and
equipment approved by the Administrator..."” to allow the
manufacturaer tha Elexibility ko install the instrumentation and
equipment in a manner most suitable to his operation.

Analysis of Comments and Recommendation: The requirement
for equipment specified by the EPA has been in place for many
years. This requirement provides EPA with the flexibility of
being able to specify use of a particular measurement procedure
or technique to enable a more confident assessment of the
emissions of an engine. Whereas this flexibility should be
retained, it should be pointed out that EPA has no intention of
being unreasonable in exercising this provision. To date, EPA
has rarely, if ever, exercised this authority to require use of
special equipment with respect to heavy-duty diesel testing.
Therefore, it is recommended that this provision be retained in

its current form.
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