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This document has been prepared in satisfaction of the Regu-
latory Analysis raquired by Exécucive Ovder 12044 and the Zconomic
lmpact Asgessment required by'Section 317 of the amended Clean Air
Act. This document also conrains an Znvirdnmencal Impact Statement

for che Final Rulemaking Action.
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CHAPTER I
SUMMARY

A. Overview of Rulemakiag

As che total amount of urban emissions from light-duty vehi-
cles and trucks is reduced, the portion which heavy=-duty vehicles
contribute to thosa emissions becomes an increasiangly significant
factor. For example, it is expected that che fraccion of toral
nobile source urban non-methane hydrocarboa (HC) amissiomns arising
from heavy~ducy vehicle operacicn will climdb from (22 in 1976 co
362 in 1999. Similarly, heavy~duty carbon monoxide (CO) emissions
way expand from 153% to 432 in che same cime frame. Iz ig ian lighe
of cthese expecctatioas that Coungress has mandated scricter controls
on the gaseous emissioas from heavy—duCy 2nginaes.

This rulemaxing follows frem cthe Comngressiomal requirement
thac EPA propose regulations to reduce by ac lesasc 902 the emiczad
leveis of pollutants from heavy-duty vehicles -— boch HC and CO,
relacive to a baseline of uancontrolled (pre=1970) emissions.
(Oxides of nitrogen (NOx) reduction will be addressed in separate
regulations, chough the preseat regulacions do imclude a NOx
standard such that no further comtrol should be required under the
new test procedures.) - The purpose of this specific document i3 Co
present che results of EPA analyses of che eaviroameancal and
economic impacts and the cosc effectiveness of the regulacions.
The readar will find chapters devoced as well to the maxe-up of the
heavy=duty industry and to altermative actions considered by che
agency.

The accompanying regulacions define levels for che Congres-
sionally mandated gaseous emission 3scandards for heavy=ducy
engines. Also introduced hers are raquiremencs thac che standards
be =at oan a tast pracaedure which prescribes Cransienc eagine
operacion. The shifc from che steady-scate procedures compleces an
EPA development program which yielded test cveles derived from
jccual im-use vehicle operation; such Ctransieant cesting, it is
reasoned, more accurately assesses on-the-road emissions than do
. the pravious procedures. The procedure i3 designed around an
engiane test and requires that emissioa aumbers be determined on a
useful —work-produced basis (i.e., grams per braxe horsepower—hour
or g/B3HP=hr).

The HC and CO emisaions scandards which appear in cthis rula-
making represent a 90 percent reduction from the average measured
emissions of cwency=-chree 1969 gasoline heavy-duty engines.
Numerically, the standards are 1.3 g/BHP-ar Zar HC and 15.5
g/BEP~nr for CO.

The NOx sczandard being promulgated is this regulacion was:



derived from data developed in a separace cast program Ln wiaich
1979 engines were tescted. The average of these baseline results
was ad justed 3o that in 1984 most aagines should require ao further
NOx control than they currencly have.

Several othar. aspects of this rule distinguish iz from the
currenc heavy=ducy engine regulations. Firsc, a new definition of
"usaful life" and revised durabilicy requiremencs will alcer che
certificacion procedure. An engine's '"useful 1lifa" 1is reached
whenever |) the average lLifetime of its eagine family is reached or
2) che mechanical inte2grity has decerioraced co cthe poinc of
requiring a rebuild. THowever, in no case can chis useful life
period oe less thamn 50,000 miles. The manufacturers will decarmine
their own decterioracion faccors based on procedures which zach
develops. This procedure will be used uncil che scatugory heavy=
ducy NOx emigsions standards are finalized. Ac cthat cime, a1 zew
durability procedure is axpected to be be promulgaced.

Anocher change in EPA's pasc coursa involves a provision
atfecting paramecer adjuscment. In ic, the adminiscracor will De
allowed to require chat cerctain adjustable emission—affecting
paramecers be set at ocher chan recommended sectings for cercifi-
cacion; the purpose Ls Co encourage design of engines with amission
characcerisctics that are less susceptible to in~use malad justmenc.

Addicionally, EPA introduces in cthese regulations an idle tasc
procedure to facilitate the promulgation of emissions warrancty
regulacions under 3207(b) of cthe Clean Air act. Idle operacion
occurs in situacions that invelve fairly direct axposure of people
to CO and comprises a significanc portion of heavy—=duty cperacion,

Also being prommlgated are regulacions to control heavvy—ducy
diesel crankcase emissions. The current HC emission regulations
place coutrols only on crankcase emissious from gasolice-fueled
engines. Under che implemenced changes, no crankcase emissions
from naturally-aspiraced heavy-duty diesel engines will bde per=-
aicced.

Finally, an assembly-line emissions testing program known as
the Selactive Enforcement Audiz (SZA) will be implamented.
This program will aid im ensuring cthac actual production angines
meat the emission levels co which they are certified. SEA's are
iniciaced by a tesc order from ZPA and cover only one engine
configuracion per test order. The aumber of SEA's a manufacturer
must underge each year is based primarily, buc noc exclusively, on
projectaed annual sales. The goal in an SEA {3 £o ascertain whether
or anoc the engines cested meet a (0% Accepcable Qualicy Level
{aQL). This AQL would require virtually all engines to meect
applicable standards after adjuscment for detcerioration wich only
10Z allowed co axceed standards to provide for cesc variabilicy and
isolated instances of nonconformicy. )



Failure of an SEA may lead co suspension or revocacion of the
angine's certificate of conformicy.. The manufaczurer would chea be
permicted Co make running changes or quality concrol changes to the
engine and chen undargo another SEA. Anochar possibilicy will be
for the manufacturer to request a Production Compliance Audic (PCA)
co datermine the compiiance level of the- 2ngine configuration, and
thern pay a Yoncomformance Penalcy (NCP) based om the '"marginal
cost"™ of complianca between engines in complianca and the aqucon~
forming angines. The provisions for PCA's and NCP's which were in
the proposed rulamaking are noc being finalized ac chis time.
Howaver, EPA intands to finalize chem in cime for che 1984 acdel
year.

3. laduscry Descriocion

The "heavy-duty indusczry"” discussad here refers za that
collection of companies which manufactures the trucks, buses, aad
engianes found in on—-che-vroad applications whose gross vehicle
waights (GVW) exceed 8,500 pounds. The rather complex picture
presenced by the aumercus manufacgurers and cheir diverse product
lines is simplified somewhac by the realizacica chac oaly a few of
these companies are responsible for  the bulk of the induscry's
produccion,

- General Mocors, Ford, Chryslier, and Intermational Harvescar
(IEC) share over 992 of cthe heavy=duty gasoline engime markec;
Cumming Engine, Decroic Diesal, Mack, Cacerpillir and [HC are zhe
primary diesel engine producers. Oaly GM (including Decroit
Diesel) and [BC make both Ctypes of angimes in significanc quan-
ticies.

Vehicles in the induscry are produced in many configuraticas
(single unit or tractor, gasoline or diesel, various axle arrange-
ments and load capacitias, etc.)by 2 aumber of manufacturers,
buc, as wicth che angines, mosc vehiclas are built by the largesc
producess. GM (Chevrolac and GMC), Ford, Chrysler (Dodge), and IHC
make over four Eifths of all U.S.-built crucks.

The applicacions of trucks to real world tasks vary widely
depending on load capacity, ranging from personal transporration
and agriculture, fo couscruccion, trade, and "for hire" usas. The
companias and individuals who purchase crucks and buses take
advancage of the diversity of available products and choose
vehicla-engine combimacioans which ecomomically fulfill their
needs.

.C. Impact on the Eaviromment

As previgusly noced, cthe amount of emissions producad by
heavy=-duty vehicles are becoming an increasiangly significant
porticn of che cocal amount of urban emissicns. . In facg, ic (s



expected cthat the fracrioa of coral HC and CO emissions from
heavy=duty engines will increase chreefold in che cime period 1976
to 1999. [a view of these expeccacions, Congrsss has mandaced
strictar controls on che gaseous amissions from heavy-duty engines.

As a resuylc of che sctricter countrols, heavy—-duty gasoline
venicles will exhibic lifecime improvemenc of | toa in HC and 28.6
tons in CO relative to the scemario of a continuation of 1979
standards. Liferimes diesel EC emissions will be reduced by Q.77
tons. The effact waich this tfaduction would have on cocal wmobile
source urban amissions translates to a l7 percenc improvemenc in HC
and 30 perceat for CO by 1999, again compared co the case of a0 new
heavy-ducy regulaciouns.

Oa the basis of further calculations EPA escimaces thac as a
result of the rulemaxiag, the ambieat levels of ozone and CO wilil
be reducad ia 1999 by 2 perceat amd 7 percenc, respectively.

Secondary emission effects; wacer, aolse and snergy consump-
cion effects; and commitment of scarce resources are all axpeccad
to be anegligible as a result of promulgacion of the regulations.

D. Costs

The increased costs which che heavy-duty 2ngine magufaccurers,
and ulcimacely che cousumer, will have co bear as a result of chis
regulacion consiscs of costs for gurchase and installacion of new
test facilicies, for development and inscallatioa of aew amission
control syscems, and for certificacion and SEA cescing. Tfor che
diesel manufacturers, che new cest facilicies {mainly dynamomecers
and emission system development and hardware) will be cthe primary
costs. For gasoline manufacturers, the emission controls will be
highesc. There are addicional coscs falling upon the operactors of
gasaline engine-equipped vehicles which are addrassed below.

An increase of approximacely 3394 can be expected in the price
of a gasoline engine, $253 of which is actribucable to che manufac-
curing coscs of che catalystc syscem. The remaiaing Sl4l is primar—
ily actcributable to profic, overhead, and aquipment acquisition and
modificacion costs, amortized over 5 years. For diesal engines, a
firsc price increase of $195 ia expected. CQf chis $195 increase,
$56 is due Co emission contrql developmenc and hardware, and che
remainder is found primarily in overhead, profit and new facilicies
related to the transient cest procedure and SEA. It is because
catalyst concrtol will aot be required of the diesel manufactuyrers
chat their production costs will be less chan for the gascoline
producers. Cartifizacion coscs fcr boch esagine types are noc
expected to rise appreciably.

No iacreased aperacing <odcs are expected to fall upoa che,
users of diesel-equicped vehicles. However, gasoline vehicla’



operators will incur the additional costs of unleaded fuel.
Qffsecting chege coscs is cthe reduced frequency of replacement of
gpark plugs and the exhaust system. 1Ia addition, EPA expects that
the manufacturers will be able to achieve at leasc a &4 percent fuel
economy gain in gasoline—fyeled eagines. This could lead to 1
discounted fuel savings of $788 per vehicle over Lits lifetime.
The anticzipated nec increase in operational costs for che gasoline
vehicle user amounts to about $259 (preseat worth on' Jaauary |,
1984, assyming a 10 percent interesc race), ignoriag the fuel
economy benefic.

The aggregate tocal costs for all heavv=ducy engines produced
in the five-vear pariod beginnming in model year 1984, discounced to
the effeccive dace of the regulacions (January [, 1984), is Zound
£o be $705 million for gasolinae angines and 5243 million for
diegals. This aggregacte c<ost includes che increased. firsc cost
Eor 2ach engine plus increased operacing coscs, but does aocl.
include the fuel econowmy benefitc for gasclime-fuelad 2ngines.

Becausa EPA axpects the 1984 heavv=ducy vagulacions to have
ouly slight impaccs on indusgry-wide sales, the industry's amplov-
ment and production should noc suffer. ' Also, users of heavy=ducy
vehiclas and of ocher vehicles should expect no burden. as a rasult
of the rulemaking.

E. Alrernacives’

As EPA has proceeded wich the develocment of a final rule=-
making based upon analysis of commencs raceived in respouge to che
February WPRM, altermacives and options in asseatially all aspec:s
of che rulemaking have been evaluacted. These alcernacives fall
into three broad areas: 1) altermatives to specific elements of
the rtulemaking, 2) altermacive ciming for implementation of che
tulemaking, and 3) altermative levels of stringency for the amis-
sion standards. Each of these will be summarized separately.

1. Alternatives to Specific Elements of che Rulemaking

The test procedure was cane of the wost comntroversial aspects
of the propesal. The alcermacive is to prumulgace a reguiation
using either the 9= or ll-mode steady—-scace tescs. The Ffundamental
question ralating to the test procedure relaces to the ability of
the sceady~stace procedure to adaquacely characterize ia-use
emigsions of heavy=duty engines. Available datas iadicaces thac
staady-state procadures are deficienc in cthis rcegard. Therefore,
cthe transient procedure will be used.

Alternactives relacing to the redefianicion of "useful Llife,”
durabilicy tescing, parameter adjustment, allowable maincenance,
asgsembly=line ctescting with !0 percenc AQL, and diesel crankcase
control are created in decail in the Summary aad Analvsis of
- Commencs.

-5



2. Alcernacive Timing for Imolemencacion of che Rulemaking

The NPRM called for implemencacion of the regulacion ia 1983
in accordance wich che 1977 Clean Air Acc. Several commentcs wers
submicted by che manufaccurers. EPA scaff has analyzed che many
commencts of cthe manufacturers, and has concluded chac gasoline=-
fualed engines could possibly ccmply by 1983 ac a high risk. Some
families of diesal engines could also comply, but chose requiring
gignificant rveductions could not. Therefore, EPA has chosen to
delay implementacion of the regulation yntil [984.

3. Alternative Lavels of Striagency of the Standards
The Clean Air Act vequires chat EPA "zonduct a concinuing
pollutanc specific scudy concerning the effeccs of each air pol-
lucant emicted from heavy-ducy vehicles or engines and from other
sources of mobile source relacad pollutants oa the public healch
and velfara."” The lancenc of requiring chese reports was to provide
some of che framework needed co evaluace the scacutory scandards
for heavy—ducy vehicles.

The scatute provides for emission standards for boch gasoline-
fueled and diesel engines regrasencing a 90 percent reduction from
a 1969 gasoline~fuelad 2ngine bagseline. Two alternacives are
considared ia chis regulacory analysis. One cousiders an 85
paercent reduccion from baseline and che ocher coangiders a 95
percent reducCion from baseline.

The 2ffect of changiag the stringency of the scandard 1is
significant over the average life of a heavy-duty vehicle. anal-
ysis Lndicaces chac relaxing the standard to che 85 percent level
would increase HC emissions by a faccor of 1.4 for gasoline en-
gines. A similar change occurs for CO. OQa the ocher hand, in-
creasing che scringency would reduce HC by a factor of 1.7 for
gasoline anignes and by 2.0 for diesel engines. Diesal CO emis-
sions are unaffected by a change in the staandard because chey are
already lower chaa the 95 percent reduction standard.

In cerms of expendicure, the 85 percent scandard would reduca
the cost per engine from $477 to $426 for zasoline engines. For
diesel engines, che 85 percenc standard would veducs the per 2ngine
cost from $195 co $178. No gasoline or diesel engine c<ost dif=
ferences were estimaced for che 95 percent standard because the
targec CO level for gasoline angines and che targec AC level for
diesel engines are so low chac che feasibilicy of chis option is
questionable.

F. Casc Lffecriveness

Cost effacciveness as applied to pollucion contsols is che
cost of control per tomn of reduction in pollucanc. =ZPA's zalcula=



tions yield cost effectiveness numbers for gasoline engines of $238
per ton of EC and $8 per tom of CO reduction. Diesel costs are
expectad to be applied toward HC comtrol, nence the entire cost is
allocated co HC. The estimated cost effectiveness for this diesel
HC control is $253 per ton of reductiom. Also evaluated in this
report are incremental cosc-effactiveness values for the various
components of the overall rulemaking.

Iz is EPA's position, especially in lighc of the benefics of
the tramsieant procaduraes, that the 1984 heavy-duty regulations are
indeed cost effective.



CHAPTER I1I
INTRODUCTION

A. Heavy-Ducy Engine Exbaust Emission Regulacion B3acxground

Heavy-ducy engine exnaust emissions were first regulaced by
the Stace of Califernia beginning in 1969 (see Table [I-a for a
summary of actual scandards). The 1969 California swmission stan-
dards were expressed only in terms of exhaust gas coucentration,
applied only to gasoline=-fueled engines, and covered only HC and CO
amissions. EPA adopced the Califormia standards and tesc proce-~
dures for gasoline~fuelad engines beginning in 1970, and imposed
axhaust and smoxe emission standards for diesel engines.

The next improvemenC in deavy—duty engine emissiun measurement
cechniques cccurred wich the iactroduction of revised aeavy-ducry .
eagine ctest procedures (for boeth gasoline-fueled and diesel
engines) by California for 1973. These regulacions called for mass
measurement of the pollutants, and extended the sctandards to NOx
emissions by including a scandard for HC + NOx. These procedures
were adopced ‘by EPA for [974. These procedures, while differeat
for gasoline-fueled and diesel engines, basically required che
operacion of engines on an engine dynamometer ac several steady-
stace speeds. Samples of engine exhaustc were collactad during che
varicus stages of gasoline "9 mode” and diesel "13 mode" tascs, and
quancities of HC, €O and NOx pollutants were decermined. Emissions
were measured as a4 functica of the useful worx performed by the
engine, and expressed ia grams of pollucant emitted per engine
brake horsepower—hour (g/3EP-hr). The result was thac an engine
with high horsepower was allowed to pollute more than une with less
horsepower, since ic performs more useful work. These procadures
remained in effect chrough 1978 with only minor tachnical improve-
mencs.

As part of an EPA hneavy-=duty ctesc procedure development and
technology assessment program begua im 1972, EPA evaluaced che
1974-78 sceady-state heavy-duty eungine test procedures ia am
atcempt to relate emissions measured om the cest procedure to
actual on=the~=road HDV exhaust smissions. The daca evaluatad
indicated thar ac amission levels below the 1974-78 srandards, the
resulcs of emisaion cests using che [974-78 testc procaduras ware
inadequaca prediccors of on=che-road CO and ¥Ox emissions, i.e., a
given reduction in emissions measured on the current Cest procadure
results in a much smaller reductiom in actual on~che-road emis-
sioms.l/

In 1977, EPA cherefore adooted modificacions to the 1974-78
test proceduras which imoraved the accuracy of the cesc procaduress
enogugh to allow the promulgation of more striagent standards. The
combinacion of che revised tasc procadures and gew scandards were



Table II-a

Heavy=-Ducy Engige Exhausc Emission Standards

Faederal California
Year Option HC (o] NOx HC+NOx Opction HC co ¥Ox HC+NOx
1969 SR ¥R ¥R NR 275 1.5% W NR
1970=71 752 1.54 W ¥R 275 1.5 SR WR
1972 275 1.5 ¥R ¥R 180 1. ¥R NR
1973 275 1.5 ¥R VB, - 47 - 16
1974 - I7) — 16 40 -— 16
1975-76 - W - 16 - 30 - 10
1977-78 - 7 16 A —- 25 - 5
3 1.0 25 7.5 -

1979 A 1.5 25 - 10¢ a 1.5 25 7.5 -

3 - 25 - S - J— 25 - 5
1980-83 A 1.5 25 - 10¢ A 1.0 25 - 6

3 - B = 5 3 - 25 - 5
1984 1,37 15.55 10.7  — 0.5 25 - 4.5
1985 1.3% 15.5% 7152° -
-

HC = parts per million; CO = X mole volume. Used for Federal
Standards 1970-73 and Califormia Standards 1969-72.

> Grams per brake horsepower—hour.

¢ Measured om 1979 cesc procedure (HFID for HC). Reduced 0.5
g/BHP=hr when 1978 procedure is used (NDIR for HC). WNDIR is
alloved in 1979 for all manufacturers, beyond 1980 only ‘or

- low volume manufacturers seeking Federal certificaction.

d

AS measured on transient Cest procedurs,

- Reduction Eécm 1972/73 baseline for gasoline engines.

YR ® No requirement.



applicable beginning in 1979. They ware refarred to as the "incter=-
im regulacions," because EPA incended co adoot more fundamencally
revised tesC procadures and more stringent scandards lacar. The
intarim regulacions allowed manufacturers che opcion of two sets of
emission 3tandards, one empnasizing HC comcrol and che other NOx
control. All manufaccurers were allowed to poscpone use of che
interim (modified) cest procedures to 1980. Swmall-volume manufac=-
turers ware allowed to recain the old tast procedures indefinircely
under EPA regulacions, burc aot under Califormia regulations.
California has escablished progressively more stringeac scandards
using the Lnterim tasc procedures. Current EPA scandards do ot
change Yeyond 1979.2/

Since 1977, EPA has coantinued ics development of a Zundamen-
tally new, heavy-duty engine tast procedure to make amission
redyctions measured ia the laboracory more represeacacive of
perzent reductions ome would axpect to achiave in~-use. Also, the
1977 Amendmencs to the Clean Air Acr direczed ZPA to promulgace new
HC and CO emission scandards applicable ia 1983 which would require
a 90 perczent reduction in ecach pollucanc from a baseline of 1969
heavy=duty gasoline aengines, and a new NOx standard applicable 1ia
1985 wnich would require a 75 percenc reduction irom a basaline of
1973 heavy=duty gasoline engines. Based om ics evaluation of che
19764~78 rest procadures, EPA czonsiders the czurvent, incerim cesc
procedures to be incapable of ensuring ceductioms of chese magni-
tudes 1o in=use emissions. Therefora, tlis action consiscs
ef the promulgation of che stacutory HC and CO standards as mea-
sured on a new transienc engine test procedure. The new cesc
procedure L3 the culminacion of EPA's development work begun in
1972. Procmulgacion of che stacutory 1985 NOx scandard will be
proposed at a lacer date.

B. Descriotion of Statutory Heavv—Duty Engine HC and CO Emigsion
Control

l. New Emission Tast Procaedures

EPA is escablishing new tast procedures for detarmining
gaseous axhaust emissions (including NOx) from heavy—-ducy engines.
Xey features of the new test procedures, especially -che engine
operating cycle, will likely be used for measuriang diesel exhaust
particulaces scarting in a model year yet to be proposad. Wnen the
diesel particulace regulaciomns are proposed, the need for smoke
scandards will be addressed. Ia the meancime, the curreat diesel
smoke measurement procadures will continue fo be used after che anew
gaseous emissicn test procedure is in effect. EPA also requires
that all manufacturers of heavy-duty engines use the new zest
procadures for csevcificacion testiang, 1.2., that the surrent
opticnal use of the 1974~1978 cesc procedures by low volume manu-
facturers be endad after 1983. Heavy-duty diesel engine manufag=-



turers are. allowed che option of cartifying their eagine families
using cthe 1979 procedure for 1984 only. All heavy-ducy manuifac-
turers must use the new tesc procedure for the (985 model year.

Like the current test procedures, the new procedures measure
emissions from engines while mounced and operating ou an angine
dynamcmeter. However, the new procedures differ from che current
cast procadures in several areas. The three fundamental points of
difference are the engine operating cycles over which emissions are
measyred, che sampling mechod used to collect emissions during
engine operation, and the requirement for both cold amnd hot scart
test segmencs. These chree differences in turm necessicate saveral
relaced changes 1iavolving engine mapping, iastTumencaciom, and
aquipment calibration. The new Ctest procedures closely resemble
the current light-duty vehicle and light-duty cruck cest procedures
(Subpart 3 of CFR Title 40 Parz 86) in che areas of emission
‘'sampling, insctrumeacacion, and equipmenc calibracion. 3/

The new test procedures contain twWo Cransieat 2angine operating
syeles, one for gasoline-fueled engines and the other for diesel
engines. The ¢wo cycles were developed by EPA from daca om
cthe operating characteriscics of in~use heavy-ducy engines of each
type. 4/ Each cycle is specified by a second-by-second liscing of
pairs of normalized eagine speed and power values. Unnormalizing
che cycle imto an accual speed-power cycle requires that the
surve of maximum engine power vs. engine speed Dde known. Deter—
mining chis curve experimentally is one of the earliesc steps in
the test sequence. After chis engine mapping is done and the
results are used to compile am actual speed-corque tast cycle, che
cast engine is allowed a long socak or is subjected to a forced czool
down. It i3 chen scarted from the cold :ondition, operated over
the tastc cycle, shuc off for a brief soak, rvestarted in che hot
condition, and operated again over the Cegt cycle. Tolerances on
how closely che engine must follow the tesc cycle are specified in
the procedures.

Mass esmissions for each pollutant and useful work output are
measuyred saparacely for the cold scart and hoec start segmeacs of
tha cest. This allows emissions from in-use cold startc crips
(i.a., trips which begin with cthe engine ac ambienc temperature) to
be estimaced separacely from emissions from in-use hoc start trips.
The cwo are thea weighted with the racio of the frequencies of the
two ctypes of img=use trips and divided by che similarly weighted
useful work oucpuc Co get che brake-specifi: emissicns from an
"averagae' in-use crip.

Mass emissions from aach cest segment are measured by dilucing
the hoc exhausc gas scream with cooler air and colleccing a small,
proportional sample of zhis diluce mixture in a bag. The concen=-
tracions of pollucancs in chis bag are measured using analytical
inscruments suited Co such measurements (a flame ionization decec-



tor for HC, a non-dispersive infrared analyzer for CO and CO,,
and a chemiluminescence analyzer for NOx), che cocal volume 3£
dilute mixture i3 calculated from ocher wmeasuremencs made duriag
engine operacion, and from these the mass of esach pollucant emicced
during the cesc segment is calculaced. HC emissions, and ac the
discrecion of che manufaccurer, N¥Ox emissions, irom diesel engines
are an exception: chase are noc bagged but are continucusly sampled
and analyzed during the test sagmant using heated sample Llines and
a heaced flame ionizaciom detector and the chemiluminescance
analyzer. The cesc procedure allows che use of two cypes of
constant volume sampling (CYS) systems mown to be -suiltable for
chis cype of emissious sampliag, olus ocher syscems if 4dporoved Lo
advance.

Useful work output i3 measured via Che measuring systems witich
are intagral parts of the dynasmomecer contzols.

Procedures are specified for periodic zquipment calidracions,
as necessary to ensyre accurate Cest results.

The couctrascs between che new and curTent tast procedures
highlight che importanc features of che new procadures. The
operacing cycles ia the current procedures consist of sequencesg of
specified sceady-scate modes (9 modes for gasoline-fueled sngines,
13 modes for diesel enginas) racher than of second~by-second
liscings cf speed-power pairs. The current procedures cherefore
cest engianes ac fewar poincs in cheir uperacing ranges cChan wili
the new cycies. The curreng procedures do not allow measuremenc of
amigsions during cramsieat conditions cepresencacive oi ia~use
operatiaoa. The aew procedures will. Silace under che currenc
procedures emissiocns are ool measured during periods when exhausc
gas composition and volume are changing, dilucion with air and
proporticnal sampling inco a collaccion bag are noc used. Iascead,
pollucant concencrations in the exhaust gases are measured directly
over a small portion of each mode and combined with other aeasure-

@ents Lo calculace mass emissiomn resulls. This wmeasuremenc of
undiluted axnaust gases requires Jomewhat different anmalytical
systems. Separace cold-start and hot-~start segments are nol

performed. Calibracion procedures for equipment, and tolerancess om
" the operacing c¢ycles, are correspondingly different.

EPA is also establishing cew cest procedurss Ca be usged Co
decermine emissions of CO under idle comditions. The zast pro=
cedures are simple, and can De performed immediacaly afcar che
transient Cest procadure. The idle cest procedure will bSe used
for only gasoline~fusled engines.

2. New Definition of "Useful Life"

EPA is amending the current defimition of "useful life" for
heavy=ducy engines. The amendment will bring the pariods of usge-



specified in cthe definition inco closer agreemenc with the periods
of usa actually seen by heavy-ducy engines before recirement or
major vefurbishmear (a.g., rebuilding or major overhaul). -

The amended definicion will apply to the assembly=line
cesgcing, warrvanty, rcecall, and cartification provisions of che
Clean Air acc. Thac is, manufacturers will be required to furnish
ownars with Section 207(a) and 207(b) warrancies coveriag the
period of use specified in the amended definicion. A manufacturer
will also be liable for recall of a cacegory of its engines if the
EPA Adminiscrator-decermines chat a subsctantial aumber ¢f the
cacagory does not conform to che emission scandards during. thac
period. And the longer useful lifas definition will be incorporaced
into the certificacion and assembly~line cesciag procedures via
daecarioracion factors, as described ia che next subsection.

3. Revised Cartification Requirements Regarding Durabilicy

IPA had propaosed a subscantially revised durabilicy tesc
procedures ia the NPRM, and had intended to fiaalize cthe procedures
with this rulemaking. . However, EPA is delaying the. finalizatiomn of
the im=-use durability cescing requiremencs, in ovder to improve
this oroposed procedure and to optimize all components of che
program. A revised durability cest procedure is expecced to be
implemented iz coajunction wicth the szatucory heavy-ducy NOx
emigsion standard. K

Beginning in 1984, and uncil finalization of a revised dura-
bilicy test procedure, the burden of durabilicy testing will be om
the 2anufaczurers. The manufacturers will decermine their decaer-
iorvation faccors in programs  which they design and submit these
decerioration faccors to EPA as part of the certificacion process.

4, . Emission Standards

The HC and CO emission standards being established by EPA are
applicable to 1984 and lacer model year heavy—duty engines. These
standards require 90 percent reductions from a baseline of 1969
gasoline~fueled engines, as measured with the new tesc procedures.
These reductions are chose mandaced by the Clean Air Act a3 amend~-
ed. The new HC and CO standards will apoly to boch gasoline-fueled
and diasel heavy~dury engines.

For most engines, EPA is not requiring more NOx congrol ia
1984 chan was required by the !979-83 standards. I is aot pos—~
sible to simply keep the 1979-83 NOx gstandard in 1984, howaver,
since there was ao NOx-ouly standard for 1979~83. Fuyrther, che
test procedures being promulgated for 1984 are differenc tham chose
used in [979-83. A NOx baseline of 1979 engines tested wich che
new procedurss was used to derive a 1984 NOx standard thac is based



on a scatiscical analysis of che ¥Ox levels from che eangines ia
chis sample.

A separace idle scandard {s also included in chis package for
CO emissions {rom gzasoline—fueled engines. Idle operacion repre-
sents che largesc single mode of heavy-ducy ctruck operatioa (ap-
proximactely 25 perceat of the time in che CAPE-2l program), and
times of prolonged idle can also be occasioans of high=-populacion
axposure such as it crowded incersections, loading docxs, or pickup
and discharge of bus passengers.

EPA has wmeasured emissioas from a series of 1969 and 1979
engines using the new Last procedure, co escablish aumerical
standards for HC, CO, and N¥O0x. The final sctandards being promui-
gacted as a resulc of chis cescing are 1.3 g/BHAP-nr (HC), 3.3
g/3uP-hr (CO) and 10.7 g/BHP-hr (NOx) in 1984, In 1985, :zhe 4C and
CO scandards are che same, buc cthe NOx scandard will change o0 a
level representing a 75 percenc reduccion from che [372-73 baseline
cest program. An exact levei will be proposad at a lager dace.
The idle CO scandard for gasoline~fuled eagines is 0.5 percent {(by
volume).

5. Parameter Adjustment

EPA is amending the certification and cest procaedures o
permicz the JAdmigiscracor to adjust or require manufacturers Co
ad just engine parameters to physically accessible sectings ocher
than cheir recommended sectings prior co emission ftascs of emis~
sion~-daca angines. This will encourage wmanufacturers zo design
angines to be les3s suscepcible to ia-use maladjusctaenc. Such
malad juscment 1is capable of causing in-use emissions to bde sub~
scantially higher than allowed by scandards. The paramecer
ad justment provisiou will help ensure chat the 90% reductions in HC
and CO mandated by scacute are actually achieved by in-use engines.

The specifics of the paramecer adjuscmenc rule are esgen—
tially che same as those of che recent final rule on paramecer
ad justment for lighc-ducy vehicles and light=-duty erucxs. Four
types af parameters on gasoline~fusled engines may be liable to ZPA
ad justment in 1984: idie mixture, idia speed, iaicial spark
timing, and choke valve action paramecers. Newly iantroduced
parzmecers oa eicher ctype of engine may also be liable to adjusc-
menC in the year cthey are introduced. Ia addicion, axising para-
mecars ou either type of engine beyond che four menciocmed above may
become liable to adjustment if EPA nocifies manufaccurers and gives
sufficient lead cime for compliancs. Paramecrers will be adjuscad
only 1f EPA detsrmines chat thay pose or are reasounably likely eo
pose significant maladjuscmént problems ia use. Procedures are
includad for maxking and appealing these Jecerminations.
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6. The Selective Enforcemeant Audit Program (SEA), Produc-
tiou Compliance Auditing (PCA) and Nonconformance Penal-~
ties (NC?)

The SEA program is an assembly-line emissions resting program
used to aid in ensuring that the engines producad meet the emis—~
sions level to which they are certified. SEAs are inictiated by a
test order from EPA and cover ouly one engine configuraciom per
test order. The aumber of SEAs a wanufacturer must undergo aeach
year is based primarily, but not exclusively, on projected annual
sales. The goal ia an SEA is to ascertain whecher or not the
production engines tested meec a 10 percent Acceptable Quality
Lavel (AQL). A |0 percent AQL would vequire virtually all eagines
to meet applicable scandards after adjustmenc Ffor detarioracion
with oanly 10 percent allowed to excsed standards to provide for
test variabiliry and isolaced instances of aoncounformicy.

Failure of an SEA may lead to suspension ot revocatiom of che
engine's certificate of conformicy. The manufacturer would then be
permitted ro make running changes or quality coantrol changes to the
engine coufiguration and them uandergo another SEA. Anocther possi-
bility will be for the manufacturer to request a Productiocn Compli-
ance Audit (PCA) to determine the ccmpliance level of the angine
configuration, and then pay a Nonconformance Penalty (NCP) based on
the "marginal cosc" of compliance between engines in compliance and
the noncouforming engines. The provisions for PCA's and for NCP's
which were in the proposed rulemaking are uot being finalized ac
this time. However, EPA expects they will be fimalizad in time for
che 1984 regulacion.

c. Organiza:ion of the Regulatory Analvsis

This analysis presents an assessmeat of the environmeatal amd
‘economic impacts of the heavy-duty engine ragulations EPA is
premulgacing. It provides a description of the informacion and
analyses used to review all reasonable altermacive actions before
implementing the final rule.

The remainder of chis gtatement is divided incs five major
sactions. Chapcaer III presents a general descTiption of heavy=ducy
vehicles aad engines, a brief descripcion of the manufacturers of
chis equipment, and the market in waich they compete. Iz also will
discuss the uses to which heavy—duty vehicles are puc, and describe
the primary user groups.

An assessment of the primary and secondacy eavironmental
impacts attributed to the heavy—duty engime regulations is given in
Chapetar IV. The degree of coatrol reflacted by standards is
described and a projection of air pollutanc emissions Eor the
national heavy-duty vehicle populacion, with the scandards in place



chrough 1999, (s presenced. The impaccs of chese regulacions on
urban emissions and che expacted air qualicy benefics are coa=~
sidered. Secondary effeccs on other air polluctant emissions, wacer
pollucion and noise are also discussed in chis sectioam.

An examinacion aof the cost of complying with the regulacions
is presencad in Chapcer V. These costs include Chose ingurred to
install emission coutrol equipment on heavy=duty engines, costs
required co purchase pgpew emission cestiag calls, the coscs to
certify, che cost3 associaced with the SEA program, and any ia-
creaged vehicle operating costs which might occur. Apalysis is zade
to decermine aggregace cosc for the 1984-38 cimeframe. Finally,
the impact thac this regulacion will have on industry and consumars
will be raviewed.

Chapcer VI will identify and discuss the altermacives Co Chls
rulemaking action, their expected envirommental impacts, and cthe
reasouns none have been promulgated.

Chapter VIl will presenc a cosc effectiveness analysis of chis

rulemaxing action "and compare cthe resulcs of this analysis wich
those conducted on ocher mobile source countrol scracegies.
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Refarences

"an Examinacion of Iaterim Emission Control Stracegies for
Heavy=Ducy Vehicles (A Regulacory Support Documenc)", EPA
OMSAPC, October 3, 1975.

Current Federal heavy-duty engine emission standards and tesc
procaduyres are concained in the Code of Federal Regulacioas,
Ticle 40, Parc 86.

The new cest proceduyre, cogether wich a Llist of 3upporting
rafarences, 13 coatained ia "Draft Recommended Practice for
Decermining: Exhaust Emissions from Heavy—=Duty Engines Uader
Transieant Conditions," Chester J. Framce and William 3.
Clemmens, BDV 73=Q7, June 1978, available from the Emission
Control Tachnology Division, Z24, Aan Arbor, Michigan.

Descripcions of che surveillance project and subsequeac cycle

development can be found in the references Listed in the
report cited in the previous Zoocacce.
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CHAPTER III
DESCRIPTION OF THE PRODUCT AND THE INDUSTRY

A. Beavy=Quty Vehicles

A heavy=ducty vehicle (HDV) as defined by EPA is a vehicle
whose gross vehicle weighc raciag (GVWR) axceeds 83500 pounds.
This differs from che definifion in the amendad Clean iir Ace
whiich specified 6000 pounds GVW as the lower limit of 3DVs. The
reason for chis difference s cthac alchough EPA (s required o
regulace all vehicles heavier cham 6000 pounds GVWR to act leasc
the lavels dictaced by che Accl/, light-ducy crucks in 5000-3500
pounds GVWR range are dealc with under separace regulatioas.
These regularions are aimed at the greacer than 8500 osound GVWR
populacion oaly.

The induscry as well uses GVWR as a basis for reporting
production and sales daca. Their traditional categories are:

Class Weight (Pounds = GVWR)
1 0 - 6,000

I 6,00l - 10,000

[11 10,000 - 14,000

v 14,001 - 16,000

v 16,001 - 19,500

I o 19,501 - 26,000
VIl 26,001 - 33,000
Vilil 33,001 and over

EPA's definicion of lighc-duty crucks secs the division
between the LDT class and heavy—ducy venhicle class ac §,500 pounds
GYWR. Thus, scme of the Clagss II ctrucks will be inecluded wich all
of those in Classes III cthrough VIII in the heavy-duty vehicle
tlass. TFor purposes of cha regulacory analysis Class LIA will cover
GVWR’s from 6,001 co 8,500 1bs. and Class IIB will cover 8,50! co
10,000 1lbs. GVWR. 1Im 1973, EPA escimated that only about 5 percent
of those trucks in weight Classes I and II have gross vehicle
weights in excess of &§,500 pounds.2/ The perceacage appears to be
somewnat higher today based on [977 GM, Ford and Chrysler produc-
tion daca. A value of 5.5% will be used in this discussiocn. Table
[II-~A gives the U.S. domescic factory sales plus imports from
Canada of all crucks and busaes for years 1972 cthru 1978.

Heavy=duty trucks represent a hetercgeneous class of vehicles,
in cerms of use and functiomal characceristics. While lighc-ducy
trucks are used by-and-large for persoanal cransportacion and
agriculcure, heavy=duty crucks are almosc exclusively used for
commercial purposes. The 1972 Cansus of Transportacion donducted
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Table 1IL-A

U.§. Trucks asud Buses by GVHR (pounds)
(U.6. Domestic Factory Sales plus {wports frow Canada)

0-% 8,501~ 10,001~ 14,001~ l6,u0l- 19,501- 26,001~ 33,000 Yearly
Year 8,500 10,000 14,000 16,000 19 500 26,000 33,000 and over Tocals
1978 3,218,222 187,336 34,014 5,959 3,942 157,168 41,516 163,836 3,812,583
1917 2,972,152 173,017 .30.064 3,231 4,949 160,396 32,249 148,728 3,525,426
1976 2,525,155 147,002 43,4101 67 8,920 149,293 22,948 t03,098 3,000,466
1975 l.79b,355 104 ,20) 19,497 6,508 13,916 152,070 24,698 74,896 2,186,14)
1974 2,088,200 121,535 8,916 8,120 24,166 215,221 32,304 160,465 2,659,147
1973 2,370,208 137,949 52,558 8,744 37,043 199,48i 40,816 155,814 3,002,613
1972 1,929,883 112,321 57,803 10,353 37,492 177,723 40,150 130,324 2,496,054
* The NQHA ducd not split sales at 8,500 pounds GVWR, but rather publishes sales For the 0-6,000 and the

6,001-10,000 pound classes.

Source:

F5-3, MVMA data.

‘The wplit in the table cepreseats EPA's catimate.

Total Vehicley Subject ro M) Regulationa

1978
1977
1976
1975
1974
1973
1922

593,811
552,674
474,709
395, 786
570,987
632,405
566,170



by the Department of Cammerce iadicates that trucks are used in
agricuicure, construction, niaing, whelesale and retail <crade,
manufacturing, and lumberiag and forescry, as well as by the
utility, service amd "for hire" induscries. Most functional
applicacions of HDVs are not readily transferable to other trans-
portacion modes such as air, rail, wacer, or pipelime.

A3 Table I[II-B shaows, the uses of heavy—=duty vehicles vary
with gross vehicle weight. For the ligncer Crucks, chose ia zhe
8,500~20,000 ogound GVWR range, «e :ind cthac cthe primary applica—
tions are in che agriculture, comscruction, 3services, and wholesale
and recail trade markecs, where The Crucxks are generally used for
pickup and delivery. Persomal use of crucxs ia chis category,
witLla limiced, consiscs primarily of operation of motor homes builc
on truck chassis. Some people also use "heavy'" pickup truexs for
personal transporcation.

dDVs ia the 20,001 - 26,000 pound GVWR range fiad uses in che
agriculture, coastruction,and wholesale and retail trade narxacs.
Forescry, lumbering,and manufaccuring account for most of tha other
applicacicns.

The heavier trucks (26,000 pounds GVWR and over) are primarily
found in the coamscructigan, wholesale and recail crade, and "for
. hire" markecs. While the aumber of crucks used for mining and
manufacturing is oot large, chese marxecs use cthe heavy Crucxs
extensively. Trucxs in chis cacegory are uded only Co a limiced
excent in che ocher market secrors.

Sinca cthe ultimace goal of the various commercial enterprises
that use heavy trucks is to make a profic, trucxs operaced by Chese
businesses are desigmed specifically to meet particular fumctiomal
aeeds in an ecounomical manner. Thus, che heavy-duty vehicles
produced for the U.S. markec are often "cuscom" built to satisfy
requiremencs of cthe oparational envirommenc faced by the ultimace
user. This operacional eaviromment aignt be defined in carms of
economic variables (i.e., operacing costs of alternative means of
transport, value of products to be tramsported, operacing costs of
alternmacive types of cruckg) or uvperartional variables (i.e.,
discances to be travellad, qualiries of the load £o be transported,
types of shipping procedures co be ucilized, scate and federal
regulacions on truck use, safecy, operacion).

Bugses equipped with heavy-ducy eagines are usually ia che
19,501 - 26,000 pound GVWR (Class VI) cacegory. Uses of buses
include 3chool transportacion as well as iatercicy and ctraasic
passenger sarvice. Most school-type buses are gasoline-fueled,
the remainder deing diesels. -

8y defiaing their operating eaviroumenc, users of heavv—duty
vehicles cam tell vehicle manufacturers exaccly wnat characteris—
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Table III-B

Trucks: Percenc Discribucioa of Size
Classes by Vehicle and Operational Characteristic: 1972

10,0600 10,001~ 20,00l1- 26,001

Number Or Less 20,000 26,000 Or More

Characteriacic (Thousands) Percent Lbs. GVW Lbs. GVW Lbs. GVW Lbs. GVW
MAJOR USE
Agriculcure 4,258 21.62 20.12  32.1% 33.22 10.3%
Forestry and Lumbering 187 1.0 .5 1.4 2.8 3.6
Mining 77 .4 2 .6 7 1.9
Conscruction 1,693 8.6 6.9 10.2 14.0 19.1
Manufacturing b3 2.3 1.3 3.3 4.4 8.5
Wholesale and Recail Trade 1,875 9.5 6.1 13.9 23.0 18.3
For Hire 770 3.9 .6 6.0 1.2 30.6
Personal Transportation 8,122 41.2 531.4 11.0 2.1 1.0
Utilicies 505 2.8 . 2.5 3.1 3.8 1.9
Services 1,409 7.6 7.7 10.5 6.0 2.5
All Ocher 327 1.7 1.2 3.3 j.a 2.8
BODY TYPE
Pickup, Panel, 14,464 73.32 92.62 31.32 4,43 2.1%
Mulci-Scop,or Walk-in
Placfomm 1,645 3.4 2.2 27.4 28.9 21.0
Placform w/ Added Device 336 1.8 & 5.6 7.0 4.4
Cacclerack 479 2.5 1.4 6.7 6.7 2.4
Insulated Noanrefrigerated Van 96 .3 .1 1.2 1.2 3.1
Insulaced Refrigeracted Van 178 1.0 1 2.4 2.3 3.3
furniture Van . 192 1.0 .2 3.7 2.8 3.2
Open Top Van 58 .3 .1 .6 A 1.9
All Other Vams . 610 3.1 .7 6.3 7.2 18.6
Beverage Trucx 87 .5 A l.4 3.0 1.8
Ueilicy Truck 370 1.9 1.7 3.4 2.0 .9
Garbage and Refuse Colleczor 69 A .1 1.3 l.4 1.2
Winch or Crame 83 .3 .1 .8 3.3 1.8
Wrecxer 115 .6 .3 2.3 .6 .2
Pole and Logging 53 .3 .1 .3 l.4 2.4
Auco Transport 30 .2 .1 .2 At 1.4
Dump Truck 468 2.4 .3 3.1 17.3 14.0
Tank Trucx for Liquids 287 1.5 .1 2.3 9.7 9.1
Tank Trucx for Dry Bulk 29 .2 - .1 .6 1.5
Concrace Mixer 66 .4 .1 2 .1 &.1
All Other 33 .2 .1 .6 .3 .6
ANNUAL MILES
< 5,000 4,621 23.52 22.02 33.272 35.8% 12.7%
3 -9,999 5,540 28.1 30.2 25.6 25.2 13.8
10-19,999 6,598 33.35 36.2 27.8 24.0 22.4
20-29,999 1,647 8.4 8.1 8.1 8.3 11.5
30-49,999 772 4.0 2.9 4.1 4.9 13.4
50-74,999 270 1.4 .5 .9 1.5 1.3
> 75,000 300 1.5 b .6 L8 15.1

Tucal Perceac 100.402 100.0% 100.0% ' 100.0% 100.0%

Tocal Trucks 19,745 14,598 - 2,822 828 1,500

Source: 1972 Cansus of Transportacion, U.S. Departmenc of Cummercea.
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tics their trucx should have when it is compleced. GZxamples of the
design parameters which may be specified iaclude angine cype
(diesel or gasoline=fueled), horsepowar, aumber of cylinders,
displacemenc, nacural asviration vs. curbocharging, Cransmissionm,
body ctype (single umic, or combinacion), gross vehicla weignhc,
maximum load weignc, vehicle lengch, number of axles, axle ar-
rangement, discanca becween caodem axles, and tire siza.

3. Heavy—-Ducy Vehicle Zngines

One of the basic paramecers chac heavy=-ducy vehicle users must
consider in determining what vehiclae chey need is the cype of power
plant they will use. . Boch diasel and zasoline-fueled engines are
used to powear heavy trucxs and buses. . Some tradeotffs that venicle
purchasers counsider ian che saleccion of diesel or gasoline=fueled
engines for their vehiclas follow:

Diesel Zagines

i. Diesel fuel costs lass than gasoline.

2. Diesels gec up to twice che fuel mileage of comparable
gasoline=fueled engines.

3. Diesels require less maincenance.

4, Diesels are generally more durable than gasoline=fueled
eagines and are often rebuilt.

5. The diesel rebuild interval (250,000-300,000) miles is
up to chree cimes loager than gasoline~fueled engines
(100,000 - 125,000).

6. Diesels have higher resale values.

Gasoline-Fueled Engines

—
.

Gasoline i3 wmore readily available ia woac areas.
2. Gasoline=fueled engines generally scart mors easily in

coid weather and give bettar overall performance.
3. Gasoline=fueled engine service and parts are more readily

available.

4. Gasoline~fueled engines weigh less.

5. Gasoline-fueled eangines cost considerably less chan
comparable diesel engines (about one-third as much).

The lighter trucxs, classes IIB = VI are usually equipped with
gasolina~fueled engines, as shown ian Tabie III-C.

The heavier truckxs (Classes VII and VIII) are equipped wich
diesel engines, as shown in Tables [II-D and I[II-E. However, as
fuel economy and fuel costs becume mors important Co LTUCK opera~
tors, diesel engines will become more popular in some of the
lighter trucx classes. Diesel engines are more fuel efficienc
and diesel fuel is cheaper than gasoline.



Table L1I-C

Gasoline Engine Usage in Heavy=Ducy Vehicles
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8,501 10,001~ 14,001~ 16,001- 19,50l- 26,001- 33,00l- Yearly

Year 10,000 14,000 16,000 19,500 26,000 33,000 and over Tocals
1978 187,336 134,014 5,959 3,982 144,923 15,597 7,160 398,971
1977 173,017 30,064 3,231 4,989 149,254 13,526 5,005 380,080

ll976 147,002 43,411 87 3,920 .1A3’077 11,597 5,561 359,635
1975 104,201 19,497 6,508 13,737 147,267 13,509 8,748 313,487
19764 121,335 8,916 8,120 24,325 211,86l 19,382 19,138 413,277
(973 137,949 52,538 8,448 37,037 195,741 22,587 17,473 471,793
1972 112,321 57,803 10,138 37,487 174,019 27,482 13,855 433,105
Source: Table IIIA and Table LIID.



Table i{II-D

Diesel Usage ia Heavy~-DuLy Venicles

§,301 10,00l= 14,001~ 16,000~ [9,50!~ 26,00(=- 33,00l-~ Yearly
Year 10,000 14,000 16,000 19,500 25,000 13,000 and over Toctals

1978 -— - - - 12,285 23,919. 136,876 194,340
1977 - — -— - Il,1s2 18,723 142,723 172,588
1876 - - - - 6,216 11,321 97,537 114,394
1975 - - - (39 4,803 11,189 86,143 32,299
{374 — -— -_— 41 3,360 12,982 141,327 137,710
1973 - —_— 194 8 3,740 18,229 138,34! 160,812
1872 — ad 213 3 3,706 12,668 116,473 133,063

Sourca: FS-3, MUMA data.
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Table LII-E

Diesels Factory Sales as a Percencage of
All Heavy=-Dury Vehicle Faccory Sales

8,501- 10,001- 14,001- 16,001- 19,501- 26,001~ 33,00l all HD
Year 10,000 14,000 16,000 19,500 26,000 33,000 and over Vehicles

1978 — - - - 8z 622 963 322
1977 - - - - 17 sz 962 312
1976  — - - - oz 492 93 262
1975 — - - 1z 32 452 38% 212
1976 — - - - 22 402 482 282
1973 - - 12 - 2% 4z 89% 263
1972 — -z - 2% 122 397 247

Source: Tables [II-A and ILII-D.
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Manufacturers can effectively boost the power of both gaso-
line=fueled and diesel engigmes chrough curbocharging, chough Cche
first cosc of che engine suffers scmewnac. Because the avail-
abilicy of turbocharged sngines is a furcther consideraciom of the
prospactive buyer/user, we have included a brief descripcion.

A turbocharger combines a Curbise, driven by engine exhausc
gases, with a compressor wiich increases the air flow into the
angine combuscion chambers. Iancreasing cthe amount of air encering
the combustiocn chambers permits more fuel to be injecced and
therefore more power is generacad per piscom sctroxe. La addicion
to genarating more power than a aaturally aspiraced esngine, turbo-
chargers improve the fuel econmomy and emission characteristics of
the engine. The increased air flow inco che combustion chamber
increasas che inlec air pressure and inlec air cemperacure. This
results in more complete combuscion of cthe air/fuel mixture,
particularly under cruise coandicions. Fuel ecoanomy is improved and
emigsicas of HC aod CO are reduced. DQT and EPA have astimaced
thact a 0 co 7 perceat fuel 2conomy Lamprovement can be gained
by the use of curbochargers on heavy-ducy diesel engines.3/ Though
turbocharger uaits can cost from 5300 zo 31,200, chis higher firsc
cost is saon paid bacx through lower operating costs.4/

C. Manufacturers

Unlixe cthe auctomobile industry in which che venicle manufac—
turer and the engine manufacturer are one. and che same, heavy=ducy
vehicles and the ceagines used in chem are oftes manufactured by
independent coampanies. A single vehicle manufacturer may, in face,
use engines produced by saveral differentc companies. GZven vehicle
maaufacturers that produce their own engines may use anocher
company's engine inm che vehicles they produce.

To simplify chis discussion of producers of domestically sold
heavy-duty Crucxs, vehicle manufacturers and engine manufacrurers
will be considerad here separately. As an aid to the reader, the
lisc below is provided giving che aames of wmost of the maanufac—
turers ia the heavy=duty vehicle industry and ctheir producsz(s).
Sumary financial and con-financial informacion on wany of these
companies can be found in Table III-Q. '

Eagines
(6=Gasoline)

Manufacturers (D-Diesel) Venhicles
Chrysler G (Carvsler, Dodge)
Faord G X

General Yocors G,D (Chevroles—GMC)
IHC G,D X

Mack Truciks D (Mack=3rocxway)
Mercedes—-3enz >; X
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Manufacturers Engines Yehicles
Volve b 4
Whice Eagianes, Iac.
Cacaerpillar
Cummins

Deucz

Nissan

Fiac

Hino

Isuzu

Micsubishi

Scania Vabis
Perxins _
Freighcliper
Peterbilc

Kenworth

FWD

Qshxkosh

Whice Mocors

[vleeloloReNeNoNeellele

R R

1. Engine Manufacfurers

Manufacturers of eangines used in heavy—ducy trucks ctypically
fall inco one of Cwo catagories, those that produce gasoline~fuelad
engines and chose chat produce diesel engines. Two companies;
General Motors and lacermaciomal Harvescer, produce both gasoline-
fueled and diesel engines for use in on—-road heavy-duty vehicles.

The manufacturers of gasoline-=fueled engines and the engines
they cercified ia 1979 are lisced iag Table III-F. All these
manufacturers are domestically based and all produce their own lige
of heavy=ducy trucxs or buses. General Motors (GM), Ford, and
Chrysler are perhaps most widely xaown as producers of lighc-
duty pagsenger cars siaes it is fErom that line of business chac
they derive mosc of their reveanue. However, all produce light=ducy
trucks and heavy-duty vehiclas in addition to gasoline=fusled
heavy—duty engines.

A EBourth company producing gasaline=fueled engines for trucks
sold in che U.S. is che Ipcermational Harvester Company (IEC).
Lixe the other chree, IBC produces complece vehicles as well as
gasoline engises == but 0o passenger cars. Their concencratiom i3
in the heavy=ducy Gtruck marxat with some emphasis oa lighc-ducy
trucks. I[HC also makes off-che=road vehicles for coustcruction and
induscry and farm equipmenc.

Using past sales daca supplied: by che manufacturers EPA has
estimated each manufacturers markxet share. Assuming 00 gasoline-
fuelad eagine sales are made to ocher manufacturers che following
marxet shares resulc: )
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Table LII-F

Mapufacturers of Gasoline~Fueled Zngines
for Use in Heavy-Ducv Venicles

Manufacturer Engine Families Displacements Available (CID)
Chrysler z 360, 440
Ford 6 300, 351, 370, 460
429, 450, 473, 334
& & 292, 33Q, 366, 427, 454
1HC 4 345, 391, 400, 447, 537

Federal Register Vol. 44, No. 140, Part III, July 193, 1979.




G 433

Ford 29%
Carysler - 182
[BC 122

These wmarket shares are cnly an estimate sinca some engines
are indeed sold to other manufaccurers and also o recremational
vehicle manufacturers.

As we cturn to a discussion of diesels, it is importanc co
vealize that cheir manufacrure and sale is accsomplished by a
different set of manufaccurers chan cthosa involved in che produc-
tion of gasoline engines. Only GM, via ics subsidiary Detroit
Diesel Allison, and Iantermational Harvester manufaccure bDoth engine
types in significanz quancities. Together their oroduccion of
diesels accounts for someching less chao 353 of che total produced.
The lasding producer of diesel engines used ia che U.5. trucks Lis.
the Cummians Eagiae Company, followed by Dacroit Diesel (GM),
Cacerpillar, Mack Trucks, aand IBC. A list of the engines wmade by
these companies and several ochers is given in Table III-G. Table
III-H presents a distribucion by manufacturer of diesel engines
used in U.S.-made Crucks.

Like gasoline engines, mgsc diesels are produced by domescic
companies. Detrocit Diesel Allison amd Perkins Zngine are subsid-
Larias of GM and Massey-Ferguson, LID, respecczively. Detroit
Diesel sells both diesel engines and aircrafc engines. In addizion
to Perkins' sales of diesal engines, Massey-Ferguson also produces
agriculztural, indusctrial and construction machinery, and recreacion
products.

Several of the other manufacturers of diesel engines, Llike
Massey-Ferguson, make off-the-road vehicles. Cacerpillar's produc:
line includes construction, warehouse, agricultural, logging and
petroleum aquipmenc, accounciag for 90Z of tocal sales.

Mack Trucks produces diesel engines and cthe on=-vroad CTucks
thac use them. Mack i3 a subsidiazy of Signal Companies, Ine.,
whose business includes aerospace and iadustrial aquipmenc, pacro=-
leum snd pecrochemical products, and coascruccion and Eabricaced
producss.

Cumming Engine Company is tha leading producer of heavy-ducy
dimsal 2ngines with about 308 of che markec. Cumminsg is unique ia
that it does not manufacture any vehicies, sither on~road or
off~voad; nearly all of ics sales are engines. Cummins also
produces -and markacs ¢rankshafcs, curbochargers, and relacad
compgnencs.
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Table L[II-G

Manufacturers of Diesel-Fueled Engines
for Use in Heavy=-Duty Venicles

Manufaccurer Eggipe Families Displacements Available (CID)
Caterpillar 11 636, 638, 893, 1099
Cumming 10 555, 855, 903, 1150
Deutz 1 288

@ (DDA) 9 212, 426, 532, 568, 736
Hine i 393

1HC 3 488, 549

Isuzu 2 235, 353

Ivaco~Fiat 2 494, 584

Mack 4 672, 998

Mercedes Benz 3 46, 589

Mitgsubishi i 263

Scania Vabis i 475

Yalve 3 334, 409, 586

White Zagines L 473

Source: Federal Regiscer Vol. 44, No. 140, Parc I[II., July L9,
1979.
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z. Vehicle Manufacturers

It is the vehicle manufacturers who combine cheir owan or
jomecne else's engine with a chassis to fabricate the final product
neadad by the heavy-duty vehicle usar. This fipal product is a
bus, a single gait ctrucx, or a tractor for pulling crailer uaics.

Tables III-I and III~J show che domescic factory sales numbers
for crucks and buses respectively during 1978. It is clear chat
seme £irms concengrate oo producing ctrucks of a certain weight
class while others produce che encire spectrum. In 1978 crucxs
built by Ford, GM (Chevrolet and GMC), Chrysler (Dodge), and LEC
appeared in nearly avery class. @& and Ford dominated the markec
in aimosc every category and accouncad for 392 and 37Z respeccively
of total heavy=ducy sales. Along with Chrysler (Dodge) and [HC,
they produced all but a few of the vehicles with GVWRs below 26,000
.pounds. Mosc of each of these manufacturer's trucks ars gasoline-
powered, using Cheir own engines.

[ntarnacional Harvester is che largesc producer of Class VII
and VIII (26,000 pounds GVW and above) venicles, and overall is
fourch (benind @M, Ford, amd Chrysler) in che producction of heavv~
duty trucxs. As anccted eariier, IHC also produces bocth gaseline and
diesel engines.

Thae resc of the heavy-duty vehicle manufacturing industry
consiats of firms which account for less than five perceac of cocal
truck production. These firms coancentrate on the productica of the
"heavy heavies", the Group VIII crucks (33,000 pouads GVW and over)
that are used primarily for lomg naul worx. FWD is a privaceliy-
owned company specializing in the production of custom builc truciks
used primarily by owuner-operacors. FWD produces aad expensive
crucx pacxage that 1s custom built to the buyer's specificacions
and - producad in limited quantiries. Mack, as mentioned in thae
heavy—duty engine manufacturers description, produces heavy-ducy
engines and Class V1II heavy=-duty trucks. The White Mocor Corpor—
acion is represenced by "White", "Autocar” and "Whice Western Starc'
while also producing agricultural and constructica e2quipmenc.
Qther manufacturers of Groups VII and VIII heavy ctrucxs iaclude
Renworth (PACCAR) and Pecerbile (PACCAR). Thesa manufacturers
specialize iz custom=builc HDs which are primarily procured by
individual owner—operacors (as opposed to fleets).

la comtrast to the production of heavy=duzy trucks, bus
wamufacturing i3 limiced ¢o oaly larger companies in che tramspor—
tation manufacturing industry. As one can see from Table [II-J,
IHC, &M and Ford are che primary producers of iatercity, transit,
and school bus chassis in this couacry. For anone of these com
paunies is the sale of buses cricical to.che fimancial succass of
che fimm.

=31-



-Zf-

Table §1L-U

Diesel Enginca Used la Trucks
From U.8. - 1978

Dicsel Engine Manufacturer

Vehicle S8cania
Mic. Cat., Cusmine GH (DLA) | {[TH Hack Hitsubiuhi Niaaaa Olda Perkina Vabie Total

Ghevrolet 1,236 699 4,329 — - - -- 24,084 - -- 30,348
Chrysler - 446 7. - - 2,761 - - 1,404 — 4,685
Ford 22,148 11,805 7,861 - -— - -~ - -- - 4),814
Freightliner 709 9,086 2,078 -- - - -- -- - - 11,873
GHE 1,430 5,016 16,312 - - - - 8,122 - - 30,910
e 1,932 25,086 8,190 12,916 - - 9%0 - - - 49,114
Keaworth 2,360 9,196 2,870 - - -- - - -- - 14,426
Mack 232 2,472 426 - 30,865, - - - - 596 34,596
Percerbile 2,166 5,219 1,605 - - - -- -— - -- 9,550
Whice 935 9,745 3,135 - - - -~ - -- -~ 14,415
Othere 433 748 916 - - -- -— - - - 2,097
Toual 33,586 80,078 48,394 12,916 30,865 2,263 990 32,256 1,404 396 243,848

Source: }978 MVMA pata.



Ford
Chevroletr
Dodge

{1

cMe

Huck
Kenworth
Freightliner
Peterbilt
WUhite

Jeep
Brockway
Western Star
Autocar

FHD

Miac.

Table 111-1

U.S8. Truck Sales by Make and GVW Class, 1974

6,001~ 10,000~ 14,000~  16,000- 19,501- 26,001~ 33,00}

10,000 14,000 16,000 19,500 26,000 33,000 & over Total
946,934 698 - 137 55,899 15,531 22,293 1,041,492
801,950 -= - 1,854 34,340 1,662 3,999 843,805
322,658 52,641 15,250 85 207 17 - 390,860

36,065 -- 8 - 29,964 16,494 34,051 116,574
215,185 1,540 - 822 24,894 3,925 14,460 260,830

-- - - - - 27,390 27,390
-= - - - - - 14,345 14,345
-- - - - - - 1,725 11,725
-- - - - - - 9,454 9,454
-- —-= - - - 437 10,189 10,626
18,1326 - - - - - -- 78,326
- - - - - -~ 37 37
—-= - - - - -- 186 186
~-- - - - - - 1,880 {,880
- - - - - -- 145 146
6 93 - 35 1,705 929 2,087 4,855

Misc. includes Imports, Diamond Reo, Divco, Meandricikson, Oshkosh, etc.

Source:;

Automotive News Mariket Data Book, April 25, 197b.



Chevrolet

GMC

Ford

1HC

AM/Ganeral

QOthers

TOTAL

Table [II-J

1978 U.S. Bus Sales
(Including School Bus Chassis)

§,500- 10,001- 14,001- 16,001- 19,501~ 26,00l~
10,000 14,000 16,000 19,500 26,000 33,000

33,001
& Qver Tocal

-— — - — 4,430 -— -— 4,430
_— - - -— 2,397 218 1,049 3,864
- - -_ -~ 7,007 - - 7,007
— -— - - 13,968 62 - 14,030
- - - — — - 1,036 1,036
-— - -— — 173 235 303 1,211
- — — — -— 27,975 515 2,888 31,378

Source: 7S=3, 1978 MVMA daca.
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A brief look at che employment piccture in che induscry shows
that 763 manufacturers of truck and bus bedies (including lighc-
duty crucks) employed 40,796 people in 1976, and che 292 firms
building ctruck crailers employed 20,697. (Table III-Q gives che
number of employees in the major vehicle and engine manufacturers.)

D. Usars of Heavv=Quty Yehicles

As Section 4 of chis chapter anotas, aocst haavy=duty vehicles
are used for commercial puposes. The types of trucks used co meec
the trangportation needs of various ancerprises are as diverse as
the needs themselves. Basically, however, these trucks move some
commodicy from one point to anocher.

Table III-K liscs some of the types of products moved by
trucks and ocher means of transport and the pertencage (by weight)
that each means of cransport carries. Though the data is somewhac
ouzdated, iz is interescing to see the fracriomal discribucion of
freight and how it is cransported. as of (972 aearly half of che
commodities lisced weres shipped dy ctruck, and ia 1977, crucks
carried almost 252 of all imcercity freighc.5/

Trucking can be divided inco two types of carriers, local and
incercicy. The rule of thumb is that local carriers are those who
conduct 502 or more of their businmess in a mecropolitan area. The
iatercity (line haul or over-che=-voad) carriers conduct local.
pickup and delivery between wmetropolifam areas. Local carriers
accounced for $67.5 billion in freighc tramsportacion expenses and
incersicy carriers $567.3 billion in 1978.5/

Another way of examining the truckimg industry is to discin-
guish between private ownership and “for hire" cruckiang. The
trucks in "privata" fleets are under the control of aach particular
sompany foar the shipmenc of cthaeir own goeds, crucking noc being
their principle business. Examples of "private" truck owners are
the various ucilicy companies (e.g., Ball Taelephone System)
or vatail scores chac owm ctheir own delivery trucks, and manufac—
tyrars of consumer products who make deliveries to racail concaras.

In zontrast, "for hire" crucks are used by companies or
individual owner/operacors whose busianess it is to transport
someone eise's freight.3/ GExamples of firms in this latter cace-
gory are United Parcel Service, Roadway Express, Counsclidated
Freightways, and the various movers of household goods (United Van
Lines, North American Van Lines, Allied Van Lines). Some <om-
panies, like Hertz snd Ryder, are in the business of remcing trucks
for use by others.

"For hire" trucks acsoucted for abouc 42 of che trucks in use
in 1975. Cver fifty percent of these trucks were <ombinatioans
(tractor—trailer) most with five or more axles (see Table III-L).6/



Table 111-K

Commodities Shipped by Mode of fransport

Tuns Tons/Miles
Hotor Private Total Motor Private Total

Group Carrier  Truck Truck Rail  Ocher Carrier  Truck Truck Rail Other

Hcat & Dairy Products 41.7% 39.1% 80._82% 18.8% L4X 54.3X 17.2% 71.5% 27.8% .6%

Canacd, Frozen & Other 10.3 23.0 43.3 50.7 6.0 16.3 9.5 27.48 66 .8 5.4
Food Products

Candy, Cookics, Beverages 25.17 58.4 84.1 15.4 .4 28.8 25.4 54.6 43.1 2.2
Tobacco Producta .

Basic Textibles & Leather 61.4 27.1 89.1 9.7 1.2 61.0 21.0 82.0 16.1 t1.8
Product s

Apparel & Related Products 69.4 15.6 85.0 8.5 6.5 67.0 9.5 76.5 13.4 10.1
Paper & Allied Produces 28.0 17.9 45.9 54.7 2.3 18.9 5.6 24.5 713.8 1.5
Basic Chemicals,Plastics, 30. 14 12.1 42.2 48.6 9.2 21.6 4.7 26.3 631.1 10.5
Synthetic Hubber & Fibers . )

Drugs,Paints & Other 38.6 15.2 54.3 37.8 7.9 32.0 8.4 40.4 44.3 15.2
Chemical Products

Petrolecum & Coal Products 16 .0 8.4 24,4 9.7 65.8 3.4 1.6 5.0 1.9 87.1
Rubber & Plastic Products 59.1 15.2 74.13 24.4 1.2 56.48 9.3 66. 1| 32.1) 1.8
Lumber & Woud Productas, 16.2 36.1 52.5 45.8 1.6 7.6 10.17 18.3 716.8 4.9
Except Furniture :

Furniture & Fixtures 41.4 34.7 76 .1 22.0 1.9 39.9 20.5 60.4 37.1 2.5
Stune, Clay & Glass 7.2 23.7 70.9 21.9 7.2 36.6 1.3 47.9 45.3 6.7
Products

Primary Iron & Stecl 44.4 6.7 51.1 43.7 5.2 35.9 4.8 40.7 51.6 1.7
Producta

Primary Nonferrous Mectal 1.4 15.1 46.5 51.6 1.9 23.4 1.7 31.1 67.2 1.6
Products

Fabricated Maetal Products 55.3 25.1 80.4 17.3 2.3 60.1 i3.0 713.1 23.3 j.6

Metal Cans & Misc. Metal 44.) 17.8 61.9 6.8 1.3 40.3 7.1 47.4 50.5 2.1
Products

Industcial Machinery, 59.4 18.9 8.3 19.6 2.0 15.17 8.9 84.6 12.3 3.0
Except El¢cirical '

Machinery, Except Elce— 53.4 2.7 .1 26.5 2.3 49.7 8.9 58.6 37.7 3.6
trical and Industrial

Communicat ion Product s 64.5 12.4 76.9 13.0 10.0 59.9 5:6 65.5 18.0 16.5
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Table 1II-K (Conc'd)

Commodities Shipped by Mude of Transport

Tons Tons/Miles
Motor Private Total Motor Private Toral
Group Carrier  Truck Truck Hail  Other Carrier Truck Truck Rail Uther
Electrical Productas 49.3 14.1 63.4 5.0 1.3 46.0 8.4 54 .4 43.2 2.6
& Supplies
Hotor Vehicles & 37.3 3.0 40.3 59.3 b 17.4 1.0 \B.4 80.9 .8
Equipment
Transportation Equip- 231.9 54.8 18.7 19.5 1.8 0.3 43.1 13.4 24.0 2.1
ment Except Vehicles
lastrumeats, Phota 631.8 10.9 4.1 20.9 4.4 33.9 5.7 59.6 34.4 6.0
Equipment Wacches &
Clocka
TOTAL ALL SHIPPER GROUPS 31X 18.3% 49.4X 31.7% 18.8% 20.92 6.8% 27.17% 42 . 0% 30.32
Tocal all Shipper Groups '
Except Petroleum and Coal 35.7% 2).3% 57.0%  38.4X  4.5% 8.62 9.1% 37.71% 50.9% 5.4%

Source: Mutor Vehicle Facts and Figures, 1976
Data from 1972 Commadity Transportation Survey - U.S5. Bureau of Ceasus.




Table LII-L

"For Hire" Trucxs Ia Use (1975)

Siagle-Unit Trucks

2 Axles 378,845 19.4
3 Axles 43,276 4.6
Subcotal 422,121 44 .0
Compinacion Trucks
3 Axles 70,181 7.3
4 axles : 145,899 15.2
5 or more 321,499 33.5
Subtocal 537,379 56.0
Tocal Trucks for dire 959,700 i00.0
Total Trucxs ILa Use 23,648,008
% Trucxs Used for Hire 4,062

Source: Tranmsportation Energy Conservation Data 8ocok, Edicionm 3,
February 1979, Qak Ridge Naticanal Laboratory, Table l.26.
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To remain compecitive with alcernmacive wmeans of cransport,
incarcicy carriars work on a small margin over costs. Costs for
drivers are about 30Z of the total. Coscs of equipment accounct Eor
anocther 9.0%Z of tha tocal and operacing costs (fuel/maintanance)
about LIZ., In 1974 chere were approximactely 2,800 Class I amnd I[I
mocor carriars. Finally, emplovment ia the crucking iLadustry
amouncad to 9,052,000 people in 1973 (ATA escimaca).

Haavy-duty engine exhaust emission regulacions will, of
course, also apply to buses. 4s an example of how chis segmenc of
cthe vehicle populacion is made up, ia 1977 chere were abour 20,000
buses being operated in che U.5. by 1050 ingercicy cransic bus
companias, employing abour 44,000 peoplea. Thera ware algo 48,700
buses beiang operaced by local transitc companies. Mostc of chese
transic buses are aquipped with diesal engines. School buses,

however, accounc for che overwhelming number of buses on che
" roads. Ia 1977 over 298,800 publicly= and privacaly—-ouwned school
buses were in operacion. They accounced Zor over 80 perceac of all
buses on the road and were nearly all gasoline-powered.3/

E. The Future of Heavv-Duty Vehicles

The next decade 13 sure co bring changes in che heavy-ducy
vehicle industry. Changes in GNP and weight and lengeh rescric-
tions may tend co slow che rate of growch of the heavy—-duty vehicle
fleer. 1Increasing real fuel costs will certainly lead to further
developmenct and ucilizacioa of the 2ffizient diesel engines.
Alchough precise predigcions are impossible, the discussioca wnich
follows addresses some of the major factors which will affect the
size and composition of cthe heavy—ducy vehicle fleet in the next
decade.

The GNP growth rate is expectced to slow in the next decade as
compared co the 1370's ia which it siowed as compared co che
1960's. The main reason is the emergy problem. A corollary
of a declioing race of growch in GNP is a4 declining race of growch
in commercial freight and therafore, a lesser growth rate ia sales
of heavy~ducy vehicles to move thac freighc.

Anochar area of change which will affect the galas of heavy-
ducy vehicles in che next decade is deregulation of the crucking
industry. Spurred by the Cruckiang induscry, cthe Federal Goverm-
ment, and the fuel crisis, sctaces should comcigue to move towards
uniform. weight and length limitacioms. This will decrease the
number of miles chac trucks have to travel since many unmecessary
miles are due to che differences in state regulacions.]/ Trucks
today go around states where regulacioans are more rescrictive since
that is cheaper rthan makiag two crips czhrough thea stata to meet
weighct rescrictions or having to reload inco a shorter ctrailer to
meet length rescriccions.
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Along with uniform regulacions, less sctricc weight and length
limics wmay be impiemenced. Double and triple~trailer rigs can
subsrancially reduce che gallons of fuel used per con-mile cra-
valad., It is estimaced that doubling of gross combination weight
results in more than a doubling in fuel efficiency as measured by
con-uiles per gallom of fuel. Of course chese weight and length
restriction changes will contiaue to be debated ia view of safecy
and anvirommental concerns.

Restriccions on vecurn tTip loads should be 2ased. This will
reduce the aumber of empcy backhauling trips and therefore increase
tuel afficiancy.

All of che above regulatican changes «will cend co decrzase che
race of growch of the heavy-ducy veaicle fleec. Trucks will carry
more freight per trip from both a weight and a volume viewpoint.
Also, the number of miles per trip should decreasa due cto less
bypassing of overly rescriccive stagtes. On the other side of the
future heavy=ducy vehicle sales equation is the fact char heavy—
duty venicle lifetimes may cend to diminish somewnhat since they
will be doing amore work per hour and per mile. This will place
more s3gress on engines and drivecrains resulcing in increased wear
and tear. Durabilicy wiil become increasingly importanc.

The fuel crisis, while being an uaderlying cause of all of che
above changes, will be a direct cause of the shift from gasoline=-
fueled engines to diesel engines. dAs mencioned previously in this
chapcer, diesel engines are aore fuel efficient than gzasoline~-
fueled engines. Coupled wich che greacer durability of diesels,
the fuel efficiancy advantage snould continue Co Lncrezage che
diesel's market share.

The swiceh to diesels will not be as fast as the mechanical
advancages of diesels would predicc. Envirommental, social, and
economic concerns will prevent the extremely rapid race of diegsel-
" ization predicted ia soame s:udies.&/,i/ Concern over future
particulacte and NOx regulacious will prevenc manufacrurers from
fully committng to diesel produccion umetil chey are confidear that
such regulacions can be met wichout adversely affecziag the aeco-
nomic advancage of the diesel. As more diesels are put incgo
use, the diesel fuel shorcages may increase to a gresater degree
than gasoline fuel shortages. This was demoustraced with the fuel
shortages in cthe spring of 1979. The spaccer of diesel fuel
shorcages. may dampen demand. Basic econcmics predicts cthac as
diesel fuel demand increases, ity price will increase, which will
also remove some of the dissel advantage. Fianally, lack of confi-
dence in diesel cold=scart capabilicy and maincenmance availabilicy
i3 still a concern with many prospective owmners.

EPA is projecting thac zhe curvent growth ia heavy-ducy
vehicie sales will decrease slightly in the mid-eighties. The
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major change expected is a shifr co diesels in the heavier weight
¢lagses.

To project total heavy=ducy vehicle salas by weight class EPA
used several sceps, '

Firsc, che cotal heavy=-duty vehicle salas by domescic manu-
faczurers for che years 1967-1978 were determined from MVMA daca.
A linear regression through this daca gave a sales growch of 10,903
per year.

The next scep in chis process was cto account for imports,
primarily Camadian. The data available co EPA indicated chat om a
year Co year basisg, Canadian imports were mathematically apouc 10
- percent of domescic sales by U.S. manufacturers. So the growch
race was increased by l0 percent ca about (2,000 par year.

To apportion the sales across che weight classes; hiscorical
percentages from che period [974~[978 were used. These perzan-
tages, as showan below, are percentages of total sales in each
veight class and have been assumed aoc to change in the mid=-1980's.

Class II3 8,501 - 10,000% 28.32
Class III [0,00L - [4,000# 5.3%

Class IV 14,001 - 16,0004 0.9%
Class v 16,001 - 19,5008 2.2%
Class VI 19,501 - 26,000%# 32.2%
Class VIl 26,001 - 33,0004 5.9%
Class VIII 33,00! and over 25.22

Table III-M coucains che tocal projected naevy=ducy vehicle sales
for che period 1984~1988.

To determine how che tocal heavy-ducy sales in each weighc
class will be divided between gasoline=fueled angines and diesel
engines, EPA used saveral inpuc sources and in a few casas besc
judgment. This methodology will be discussed om a per class basis
in che following paragraphs.

Classes II3, ITI, IV, V - Based on data submitfted in the
lighc=duty diesel particulace rulemaking accion it appears thac
dieselizacion in lighter gross vehicle weighr will not be as greac
as in the heavier weight c<lasses. This slower dieselizacion race
will be caused in part by the larger initial purchase price of the
diesel, slighcly poorer performance of diaesels, and less avail-
abilicy of maintenance for diesels. Based on the Llight-duty diesel
summary and analysis of comments, our projectioas will sllow 20
perceac of the sales in each of these classes to.be diesel by 1990
3/ and che percencage of diesel sales to grow at a sceady 2 percent
per yaar for the period 1984-1988 (see Table III-N).




Table TII-M

Escimaced HDV Sales for
1984 chrough 1988 bv GVWR (pounds)

8,501- 10,001~ 14,001~ 16,001- 19,501- 26,001~ 33,001 all 4D
Year 10,000 14,000 16,000 19,500 26,000 33,000 and over Vehicles

1988 192,760 36,100 6,130 14,985 219,324 40,187 171,645 581,131
1987 189,366 35,464 6,022 l&,721. 215,462 39,47? 168,622 669,137
1986 185,971 34,829 5,915 14,457 211,600 38,771 165,600 857,142
1983 182,577 34,193 5,806 14,193 207,738 38,064 162,578 845,149

1984 179,183 33,557 5,698 13,929 203,876 37,336 139,353 833,154
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Table L[II-N

Escimated Diesel Sales as a Perceancage of Heavy-Ducy
Sales for 1984 chrough 1988 by GVWR { pounds)

8,501- 10,00l1- 14,001~ l6,00l- 19,50l- 26,001~ 33,00} All HD

Year 10,000 14,000 16,000 19,500 26,000 33,000 and over Venicles

1988 16% 162 162 162 412 1002 1002 502
1987 162 - leZ 142 162 38% 962 1002 43%
1986 12% 122 122 122 342 922 100% 482
1985 102 102 102 102 31z 892 100% sz
1984 82 82 8% 8% 28% 852 1002 42%
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Class VI = This class is comprised primarily of "medium—ducy'
tTucks amd school buses. Historically, school buses are about 18
percent of the sales aach year. In an article published in "Flaat
Specialist" magazipna, several wmanufacturers estimated Class VI
diesel/truck salas in che mid-eighcies. The manufactursrs esgi-
mated that in 1985 becween 35 apd 50 percenc of Class VI cruck
sales would be diesel.l0/ Currencly onmly about 10 percant are
diesel. Our aamalysis will conversatively use the 35 percant
figure. Dieselizacion in school buses is difficult ro estimace.
Significant growch in school bus sales is not expected due to
daclining school enrollmencs and the ilmost complete implementacion
of "court orderad busing." Most schoal buses do not accumulace
enough mileage on a daily basis, and thus enough fuel savings, co
fully juscify che increased initial cost of 3 diesel engine.
Lacking a4 more specific estimares, besc judgment dictaces that by
1990 abouc 10 perzear of all school bus sales will have diesel
engizes.

Class VII ~ I[a l978 Class VII sales were more than 61 percent
diesel with dieselization in this class increasing rapidly over the
pagt five years. Sales in cthis weight class are expected to become
mostly diesel ia cthe wmid—eighties. Based om hiscorical ratios,
this zlass should be almosc all diesel by 1988,

Class VITII - Sales in Class VIII were over 96 percent diesel
in 1978. 3ased om the recent history in this class, these sales
will all be diesel by (984 or earlier. It is reasonable chac by
1984 all Class VIII salas will be diesel.

Using che dacta in Table III-M, and the criteria in the discus—
sions above, Tables III-0 and II1I-P contain che estimaced sales
split by weight class between gasoline and diesel engines for Cthe
period 1984~1988,

Based on this analysis, the major changes expected give an
overall heavy-duty sales growth of abouc [.8% per year over the 5
year period (1984-1988). The increased diesalizacion in all
classes will actually lead to a decrease of about 2 percent per
vear in gasoline-fueled engine sales and an increase of about
6.4 percent per year in diesel engine sales over the 5—=year period.
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Year

1988

1987

1386

1983

1984

Table III-0

Estimated Diesel Usage in Heavy=Duty Vehicles
for 1984 chrough 1988 by GVWR (pounds)

§,501- 10,001~ 14,001- 16,001- 19,50l1- 26,00l- 33,00l all 8D
10,000 14,000 16,000 19,500 26,000 33,000 and over Venicles
30,841 5,776 981 2,398 89,755 40,187 171,845 361,583
26,511 4,965 843 2,061 80,984 37,979 168,623 321,966
22,316 4,179 710 1,735 72,450 35,824 163,600 302,854
18,258 3,419 581 1,419 64,275 33,725 162,578 284,255
14,335 2,685 456 °~ 1,114 36,338 31,678 159,555 266,161
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Year

1988

1987

1986

1983

1984

Table 1II-P

Escimaced Gasoline-Fueled Usage in Heavy=Duty Vehicles
for 1984 chrough 1988 by GVWR (pounds)

8,501~ 10,001- l4,001- 16,001~ 19,501~ 26,001- 33,00l All HD
10,000 14,000 16,000 19,500 26,000 33,000 and over Vehicles
161,918 30,324 5,149 12,587 129,569 qQ Q 339,547
162,355 30,499 5,179 12,660 134,478 1,500 0 347,171
163,6SL 30,650 5,206 12,722 139,110 2,947 g 35¢,i87'
164,313 30,774 5,225 12,774 143,463 4,339 Q 360,388
164,848 30,872 5,262 12,815 147,536 5,678 Q 366,991
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Table III-Q

1978 Vehicle and Engine Manufacturer Informactiom

Company Tocal Sales (3) Nec Income (3) No. of Emplovees
Agarican Motors 2,585,430,000 36,690,000 27,517
Catarpillar 7,219,200,000 566,300,000 34,004
Chrysler 16,340,700,000 -204,600,000 157,958
Cummins Eagine 1,520,750,000 64,400,000 23,298
Ford Motor 42,784,100,000 1,588,900,000 506,531

‘ General Motors 63,221,100,000 3,508,000,000 839,000
Internacional 6,6864,350,000 186,680,000 95,450
Harvester
Mack Trucks 1,640,010,000 68,800,000 17,100
White Motor 1,095,710,000 330,000 9,232
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CHAPTER IV

ENVIRONMENTAL IMPACT

A. Backssound

The Clean Air Act as amended in [970 coucained many provi-
sions aimed at removing harmful pollucants from cthe air we breathe.
Among ocher chings, che 1970 Act called for the establishment of
National ambient Air Qualicy Standards. These lavels were to de set
such chat cthere would be no danger to public healch and welfara.
To date, ambient air quality scandards have been ser for five
pollucancs: particulate matzer, sulfur dioxide (SQ3), carben
monoxide (CO), aicrogen dicxide (NO9) and ozone (of which hydro-
carbons (HC) is cthe wmaing precursor). Of cthese five pollutants,
mobile sourcas are major comtcribucgers to cthe tocal pollucancs
emitted for chree: BC, CO, aad ¥O0x. This regulation package
concerns reduyccion in HC apd CO from heavy-ducy vehicles. There=~
fore, the envirommental impact 2malysis will not invalve NOx.

doch HC and CO emission have been related to adverse healcth
affeccs. Decailad informarion on the health affects of BC amd CO
will not be discussed in depth in this Regulatory Analysis since
such information is well documented elsewhere.l/ Briefly, HC
emissions resct with sunlight to form ozone and other photochemical
oxidants. Ozome is a pulmounary irritanc thac affects che reapira-
tory muccus membranes, other lung tissues, and respiratory func-
tions. CO when inhaled replaces oxygea -in the blood. The presence
of CO adversely affects cthe carrying and delivering capacitcy of
oxygen by the blood.

Alcthough significanc improvements have been made in air
qualicy siace 1970, a review of air quality monitoring data makes
it clear char addizional reducfionsa in HC and CO emissions will be
necessary if ambiencz air qualicy goals sec by Congress in the Clean
Air Act are to be achieved. On March 3, 1978, EPA published in the
Federal Regiscar a iisting om a State=dy-Stace, pollutanc-by-
pollucant basis, of che actainment scgacus of every arsa of the
Nacion (43 FR 8962). This information, compiled by cthe respective
States and reviewed by EPA, was the most accurate picture available
of the nacion's air qualicy starus as of che adepcion of the Clean
Alr AcC Amendments. These data indicated that of 3215 zounties or
councy equivalents covered by those degignmacions, 607 (19 percent)
were classified as nonactaimmenc for phoctochemical oxidanc, and 130
(6 percent) ware classifiad 2s8 aonattaimment for carbon monoxide.
Nonattainment status indicates cthat cthe given area fails to meet
the primary anactional ambient air qualicy scandard (NAAQS) for the
poilucant under cougideratcion hased upon either direet air qualicty
monitoring or indirect estimates for areas lacking moaitoring
daca. Current nom-attaimment data is available co iandicacte Che .
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changes which have occured since 1977. As of July, 1979, che
non-actaimment designacions include 536 (18 percenc) councies for
ozoune and 164 (5 percent) for carbon monoxide.

Since the U.S. populaction is not uniformly discribuced, but
racther is concentrated in urbanized areas, the above geographically
based figures are not represencative of the proportions of popu=
lation aczually exposed to excessive ambienc pollucanc concencra=-
tions. Indeed, it is the very fact of urbanizacion which has led
to many of our air pollution problems. For example, the nonattain-
ment areas fotr ozone ianclude 103 our of a tocal of LO5 yrban
areas in the U.S. wich populations greacer thanm 200,000 (the
exceptions baeing Honolulu, Hawaii, and Spokane, Washingtoa). The
103 areas represent an exposure of over 100 million peopla.

Clearly, there is a great need Co reduce pollucanc (or pollu-
cant precursor in the case of ozone) emissions in che urban areas
of che 0.5. So loag as large aumbers of people concinue to oe
axposed Co concentractions 1a excess of the NAAQS, further emission
reduccions must be sought.

Mobile sources have been recognized for some Cime.as major
gources of hydrocarbons (ozone precursors) and carbon monoxide.
Lighc=-ducy vehicles in particular have been che focus of consider=
able contTol work since the lace 1960's. However, as Llight-ducy
vehicle emissions grow smaller, other sourca categories such as
heavy=duty vehicles grow in proportiomal significance. The wisdom
of controllisg heavy duty vehicle emissions is evident when these
emissions are placed in the context of ocher sources of chese same
pollucancs. )

In order to properly assess mobile source emissions and cheir
conrtrol, it is best to look at urban areas where historically che
NAAQS contraventions have occurred. In this way a truer perspec-—
tive of the air qualircy impact of mobile sources can be obtained.
It is in these urban areas chat improvementcs are mosC needed.
The selection of che areas to analyze will be discussed ia detail
below in Section 2. The HC analysis will be done on an Air
Qualicy Control Region (AQCR) basis. CO, on the other hand, will
be analyzed om a councy basis. This is due to the more localized
nature of CD problems. Fifty saven AQCRs have been salected for
BC, and 52 couaties for CO. Hydrocarbous analyzed include only
non—mechane hydrocarbons since the methane fractioan 1is noa-reac-
tive.

Figures IV-A and IV-B present breakdowans of non—mechane
aydrocarbon (NMHC) and CO emissions into various source categories
for che salected regions. These figures give che 1978 amission
levels aloug with projected levels out to 1999. The data presenced
in these figuras represencs what is considered the base casa. That
is, it projects future heavy-duty aemissions as if no aew regula=-
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tions beyoad chose already ia existence (che 1979 heavy=duty
standards) were promuligated. For octher source cacegories, known
future countrol programs are included. For example, light-ducy
tTucks are projected based upon cthe 1984 implementation of the
regulacions proposed for light=durcy trucks in che July 12, 1979
Federal Regiscer (44FR 40784).2/

For oon-mechane hydrocarbons, mobile sources currently repre~
sent approximately 30 percent of the urban emissions (Fig. IV-a).
With current regulactions this percencage is expected Co decline Zo
l7 perceat by 1995. After chac cime a gradual increase bdegins o
set in.

Mobilae source carbon monoxide emissions currently represent
over 80 percent of the urban emissions (Figure IV-3). This amount
is expected to decline to 60 percent by 1999. No significant
change Lo scactionary source amissions i3 sxpected for CO. However,
since CO problems are ofcem attributed to high localized concentra=-
tions during periods of high craffic densicy, stacionary sources
have minimal impact on CO air quality problems. :

Light-ducy vehicles (passenger cars) concribute che wmajor
portion of mobile source WMHC and CO emissions. The 1976 emission
levels from light-ducy vehicle and ocher amobile sources, and
projections of the future urban smissions are given in Figures IV-C
and IV-D. Again, cthese projections are for the base case of no new
heavy—duty regulacions. The figures give a general overview of the
coutribution to air pollution that each class of vehicles is
axpected to make through 1995, and of the distribution of the
burden of control of emissions from all mobile sources. From these
figures it can be seen that emissions from heavy=ducy vehicles will
grow in proportion to emissiouas from light-ducy trucks and lighc-
duty vehicles., This apparenc imequitable discribucion of che
burden for reducing mobile source emissicans can be im part accountc-
ed for by che pasc nesed to concencrace control efforts on che
primary sources of mobile source pollucion where pocencial gains
ware the highesc.

It is evident from the Efigures that for boch MHC and CO,
heavy=-duty vehicles represenc a growing proportion of emissions.
For hydrocarbons, heavy—ducty vehicles go from 12 percenc of the
cocal in 1976 to 36 percent in 1999. The increasing share of these
emisgions going to dieseis is also apparent. For carbon monoxide
the figures are |3 perceat in 1976 anod 43 percemnt in 1999. Thus,
control of heavy=ducy a2ngines is extremely important in any overall
‘gtracagy for reducing emissions sufficient to meet ambient air
qualicy scandards. The remainder of this chapcer will address che
envirommencal impact which would result from imposition of heavy—
duty angine emission control strategies coansidered as part of this
tulemaking.



4 398 Figure IV-C
M = Annual Mobile Source
HD Diesell 2% Non-Methane Hdydrocarbon
\ Emissions for 37 Urban Regions
4,000.HD Gas oz}
LD Truck ;147
23,314
\ ..sz.\
.,\ \‘
3,00Q \ 10Z |4
on=Methan
v Lo
Hydrocarbon \
(1000 Tons) 16z |
i
2,000
.".\.
LD Vehicld 747 .",_1,691
9% |\
\'-.
132 |\ N\
'\\\
1,155
70%1 - . 1,140 ’
18z | N\ - 1,088
'\“ ° 'l7la 237: 252
1,000 :
AN L 127 102
L4 o
\J 12z = a7
60% 57% 573 587
1975 1980 1985 1990 1995 1999
YEAR



Figure V=D
Annual Mobile Source
Carboun Monoxide Emissions
for 52 Urban Counties

_ 16,223
16,000-JED Diesel \\°
\\
HD Gas 14 W
4, 000+
V13,38
22 1z
LD Truck | 13% Lsz\_x.
12,0004
Carbon \
Monoxide \ ,‘;‘
(1000 Tons] \ :
10,0004 %
i
\
l‘ “,
3, 000 ‘-.‘ "i
Y \
‘6 897 -
OD Vehicle 72% \\
6,006+ 2 ”\\
23 I
Y
g 732
681 3 4,364 4,317
4, 0004 17g - A T
. |38 382 35%
12 N 7
2,000+ 5294 -
462 49% 514
1976 . 1980 1985 1990 1995 1996
YEAR



3. Primary Impact

l. Heavv=Ducy Engine Emission Rates

As was noted in Chapcer III, heavy—-duty vehicles may be
aquipped wich eicher gasoline~fueled engines or diesel engines
depending on the needs of the user. The use of a diesel engine, as
opposed to a gasoline engine, in heavy-duty vehicles is also
important from an emissions point of view because the emissioas
charactaristics of the two angines differ. Basically diesel
engines have very low levels of HC and CO emissions, below che
levels of cthe curreat Federal 'emission standards Cfor heavy=ducy
engines. NOx emissions oa the other hand, for uncontrolled diesel
engines are high relactive to gasoline engine NOx emissioas.
Diesels also emir smoke consiscing primarily of unburmed carbon
present in small particles. Gasoline engines do noc. 3uc gaso-
line eagines do have higher HC and CO emissiocas than do diesels.

The primary reason for the different emission charactarisctics
of diesel and gasoline engines is explained by the way each type of
engine Cfunctions. With gasoline engines, cthe fuel and air are
mixed ian the carburecor orior to passing into the engine cylinder.
The more or less homogenous air/fuel mixtuyre i3 admicted inco the
cylinders via a chroctle plate, which is varied in posicion by the
oparacor o control engine power, before it passes through cthe
incake manifold to the individual cylianders. The air/fuel ractio of
the mixture which anters che cylinder cteands to vary at differeat
powaer condicions, wich excess fuel under scme condicions and excess
air under others. In the engine cylinder am ignitioa source- (spark
plug) musc be provided to zet cthe combustion scarted, since gaso-
line air mixtures have high minimum 1ignition Cemperatures. The
compression ratio must be low enough to avoid deccmacion (or
random auto ignitiom), which is another basic characteriscic of
gasoline—air mixtures. The effects of these conmscraincs on pollu-
tanc amissions is thac carbonm monoxide and hydrocarbons cend to be
relacively high, being primarily associaced with angine operating
modes st which the mixtures are scomewhat on che excess fuel side.
HBydrocarbons also result from '"queanchiag" of the combustion reac~
tions bacause of contact becween the gasolina—air mixture and
relacively cool surfaces of the combustion chamber. ¥itrogen
oxides are velacively aigh too, because of che high peak ccmbuscioun
chamber temperacures inherent in the reiacively rapid combusciom
process of premixed gasoline and air.

Diesel engine operaciomn differs in many ways from chat of the
gasolina engine. Fuel and air are aot mixed prior to encering che
angine cviinder, and chere is no spark plug since che type of fuel
used has ignicion characteristics such thac iz can be ignited by
the heat of compression as long as the compression racio is nigh
enough. Therefore, . unthroctled air alome is inducced inco cthe
engine through the iatake valve, Engine power 13 controlled by
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varyiag fuel flow oaly, with the fuel injected under presgura
directly inco che combustion. chamber at the proper time for igni-
tion to begin. Fuel continues o be injectad and burned concur-
rencly under bighly scratified local air/fuel mixtures. The
overall fuel/air mixture, however, is always on the excaess air side
to assure that enough oxygen is available near che fual spray to
support combustiom. Compression racios to achieve spontaneous
ignition tend to be mmch higher than for gasoline engines, roughly
16 to 21. Becausa of these high compression ratios, diesel engines
have higher thermal efficiencies than gasoline engines which,
combined with the fact that chere are no pressure losses associated
wich having a throctle valve in che inlet syscem, give them supe=
rior fual consumpcion characteristics. As to emissions, the excass
air couditioas result inhevencly in relatively low carbou monoxide
and hydrocarbon emissions, buz che high compression ratio tends co
cause diesel engines to have anitrogen oxide emission characteris~
ties of roughly the same magnitude as gasoline engimes. The smoka
from diesel engines is caused by the initially unmixed nature of
the fuel and air in che diesel combuyscion process. This wmay also
result in objectionable cdors in dissel exhausc thac are mot found
in gasoline engine exhausct.

Considerable work has Deen dome within EPA in an attempt C0O
decermine accurate emigsion factors for mobile sources. This work
depends heavily on in-use vehicle testing under EPA's Emission
Factor Program. To answer the quescion of how wall vehicles
perform in actual usa, EPA has adminiscered a series of exhaust
emission surveillance programs. Tast fleets of consumer-owned
vehicles within various major cities are selecced by model year,
make, engine size, transmission, and carburetor in such proportion
as to be represeatative of boch the normal production of 2ach model
year and the coneribcuion of that model year zZo total vehicle milaes
traveled. These programs have focused principally om light-ducy
vehicles and light-duty Ctrucks. :

The data collected in chese programs are analyzad co provide
mean emissions by modal-year vehicle im each caleandar year,
change ia emissions with che accumulacion of mileage, change
in emissions with the accumulation of age, percentage of vehicles
complying with standards, and effectc on emissions of vehicle
parameters (engine displacmenct, vehicle weight, etc.). These
surveillance data, along with procotype vehicle test data, assamdly
line ctest data, and cechnical judgmenc, form the basis for the
exigcing and projected mobile source emission factors. 3/

For this regulatory analysis, changes have beer made to the
emission factors for heavy-duty and light-ducy Zrucks. The emis-
sion factors found in the mobile source emissiom factors document
for heavy=duty vehiclas ars based upon sceady=state data gatharad
on the %-mode and lJ-mode test procedures. Iz the course of
developing these current regulacioms, EPA has accumulated subscan-
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ctial daca ou che transienc emissions of heavy-dufy a2ngines. 3och
the CAPE-2l data gathering program aod resulcant cramsient tesc
procedure were designed tao accurately characcterize in-use operacion
and therefore in=use emission. Therefore, the available transient
test daca has been used 2o revise Che heavy~duly cruck emission
faccors which are curreacly being used. The emission factors for
fucure heavy=ducy engines as well as for future lighc—ducy crucks
have also bdeen revised co reflect accuracely the finagl standards
and the imolementacion of Selective Enforcement Auditing wich a 10
percent acsepcabla qualicy level. Rafer co Agpendix A for decails
of che mechodology and the calczulations.

The general form of all che  amigssion faccors for amodtile
sources is an aquaction with some scarting new vehicle emission race
plus a mileage dependent detsrioraction rate (see Tablas | and 2 of
Appendix A). This means that to decerminme che emissioans from a
given vehicle one must know the accumulaced mileage. 7To decermine
the average amission race for the £lee¢ made up by a given class of
vehicles (for example, heavy-duty gasoline—~fueled crucks), it is
necessary to account for the fact chac che oa=che~road fleet
congists of a wix of vahicles of varying ages and model vears. The
appropriace emission racte 13 applied co each fraccion of che fleec
and the fractioms ars summed Laco 3 composife.

When vehicles meecing 2 new emigsion standard are inctroduced
into che on-tche-voad flesc, cthey ac firsc reoresent only a small
fraction of the whole fleet.. As cime passes, the newer technolegy
vehicles come to represent a larger and larger share of the eacire
fleec.. This means that rthe composite emissior rare for the entire
fleet will 3how a gradual change in response Co new standards,
rather than a sudden change. As an illuscracioun, che composite
emission rate for heavy-duty gasoline=fueled vehicles for CO
changes as follows:4/

Yaar : 1980 1985 1990 1995 1999
Composica CO (g/mi): 1256 222 106 57 )

Alchough the aew scandard 13 introduced 1a 1984, composice
rates do not show subscan:iaL dropsg until 1990Q and beyond.

One way to examine the effect of che rulemaking acciom 1s co
compare the emissions of engines builc to meec the requiremencs of
the rulemaking with the emissions of eavlier zngines. Using che
emissicn factor equacion of Table 1,2 and &4, of aAppendix A, che
total liferime emissions of a given amodel year engine may e
astimaced. This will be done for 1969 (che "baseline" model vear
for deriviation of che standard), 1979 {represencing engines builc
To current standards), and 1984 (year of implemeacacion for chis
rulemaking) model year vehicles. The calculations will use average
vehicle lifecimes of (14,000 milas for heavy=ducy gasoline~fuaeled
vehicles, and 473,000 miles for heavy-duty diesel venicles.3/
Lifetime per—-vehicle average emissions are given ia Tabla IV=-a.
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Table IV-4A

Lifetime Emissions for Heavy-Duty Vehicles (Tons)

Yodel Year

Class + Polluctant 1969 1979 1984
Gasoline fueled :

HC 2.71 1.17 0.17

co 31 i1 2.4
Diesel

HC 2.18 2.18 1.4}

co 5.9 5.9 5.9
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The impact of the new standards on vehicles produced for (984
(or later) is clearly evideat in chis daca. Compared to emissions
from 1979 engines, (984 engines are rteduced 85 percent for HC and
92  percanc for CO in che case of gasoline=fueled engines. For
diesel engines, HC is reduced 35 percentc while CO remains un-=
changed.

2. Reduction in Urban Emissions From Heavv-Ducy Vehicles

We have seen that as new heavy—duty vehicles are put iato use
and older ones retired, che emissions of che average heavy—-ducy
vehicle on the road will decrease. The resulting composice emis-
sion factors can be used to project changes in annual emissions
from cthe engire flaec. The same can be done for ocher mobile
source categories as well. To make the projections, the changes in
composite emission races are used along with escimazed growth races
in tocal vehicle miles travelad to modify cthe bDaseline emission
laventory for future years. Projectlons are also made of changes
ia staciomary source emission rates depeanding on present and
ancicipated stacionary source concrol programs.2/

Foer hydrocarbons, cthe exhausc emissions chemselves are an
indirect rather than a direct problem. That is, the principal
aarmful effect of HC emissiouns stems from the phoco-chemical
reactiocns leading to ozone formation. The reaction process can
take saveral hours, by which time the pollutants iavolved are
transported and dispersed over broad areas. Therefore, the hydro-
carbon emissions have been analyzed on am Air Qualicy Ceatrol
Region (AQCR) basis. The AQCR's selected were those aon—Califor-
nia, aon=nigh=alticude regions violacing cthe ozone standard (or
estimated to bYe violacting where actual sampling daca is missing) in
a 1975-1977 base period. California regions were excluded since
California has its own emission standards. High alcicude regions
were excluded because the emissions data used in the anmalysis 1is
not considered represancative of nigh alcicude conditions. A
separate detailed analysis would have to be dome tc assess che
impact of these regulacions on high—altizude areas. This seleccion
procass lad to a sac cousisting of 57 AQCRs to be analyzed for
hydrocarboas. In addicion, because mechane emissions are aon-~
reactive and do not contribuce to ozone formacion, the emission
inventories compiled for amalysis will be based upon non-mechane
hydrocarbons (NMEC).

Carbon monoxide emissions, in coutrast to hydrocarbons,
frequencly create localized problems of high comcentracions. Thesa
are often associaced with urban core areas exparieancing high
traffic densicies. Ic is desirable, ctherefore, to analyze CO on
a more localized basis than AQCR3. This has been dome by using a
county based iaventory. As for HC, oanly non-Califormia non—high—
alticude areas were selected. The result is 52 counties axcseding
the CO scandard for a 1973-1977 base period.



Following the seleczion of areas to be analyzed, an emission
inveancory for each region was compiled. The most recent year for
waich complate informaction could be obrcained was 1976. This daca
then forms che basis for fucure projections. Comoilacion of che
baseline and projection for future years is an iavolved process
encailing a number of assumptions. These are discussed ia decail
in supporting documencs.56/7/ Two assumptions are importamc Co
highlight here. The first is the assumption that lighc-ducy
vehicle and light=-duty ctruck I/M programs will be implemenced in
all the areas analyzed by 1982. Siance all che areas chogsen are
arsas exceeding cthe BC and CO standards, such programs are expec—
ted. :

The second asgumption concerns projected growch races for
various source cactegories imn fucure years. For noon-mechane hydro-
carboas, rollback projeccions were made for a range of growch
races. The high and low end of these ranges differ by one or two
percent. For cthis analysis we will use the growch races of che low
growch optiou. For mobile sources these ratas appear most consis=
tent with what appears likely because of energy coscs and relaced
matters. The high growth assumpcions would increase che absoluce
levels of emissions and decrsase the absolute lavels of air qualicy
benefits projecced by the models somewnac. They would, however,
make lictle difference in the relacive change from che base case to
the control case. The maximum air quality beneficts would peak in
1995 racher than ia 1999 if the high growth case were chosen. For
heavy=ducy vehicles, ocher specific ad justmencs in groweh races are
also required. 3ased upon che results found in Secction D of Ap-~
pendix A, annual vehicle miles traveled (VMT) are expeccad to
decline for gasoline-fueled angines by about 2 percent per vear,
while diesel "WTs will increase by about 5 percent per year. These
rates reflect increasaed use of diesel engines in the heavy=ducy
induscry, largely because of energy considerations.

Projections for both emission daca and air qualicy data are
made om a AQCR by AQCR basis (or county by couanty for CO).
Howaver, the underlying assumpcions on emissioan factors are not
region specific. Racher, they represent typical aationwide values.

-Becguse of this, only average results for all regions will be used
for analysis.

Figure IV-E and IV-F provide a comparison of the projected
mobile source emissions for che base case presencted in Seccion A of
no new heavy—duty regulatious wich the projecced emissions for the
final regulations. They cover the years from 1990-1999. Wichout
further controls, heavy=duty emissions become 3 major fraction of
mobile source emissiocus. B3y 1995, heavy-duty emissioans would
account for 35 percent of mobile source NMHC and 44 perceat of
mobila source CO emissions. The substancial reduccions ian heavy-
ducy emissions expectad are clearly indicaced. For HC, in 1999 che
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Figure TV-F
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reduction reaches 75 percent for gasoline-fueled engines and 36
peccant tor diesels. For CO, im 1999 the reduction for gasoline~
fueled engines is 84 percenc. Diesel CO is unaffecced by the new
regulacions. These percencages are measured in comparison to the
base-case 2missions for the same year, 1999.

Expressed as a percentage of all mobile source emissioms, the
impact of the final culemaking is as follows. Hydrocarboms are
reduced 17 percent in 1995 and 1{999. Carbon monoxide is reduced 30
percent ian 1995 and 1999.

3. Ambient Air Qualicy Impact of Regulacion

Using the emission races previously discussed, an anal-
y3is was done of the air qualicy impact in each of the selecced
regions.7/ The Modified Rollback method was used for oxidant and
CO to project future air quality improvements for each region. In
addicion, the Empirical Rinecric Modeling Aporoach (EXMA) was also
used for oxidant. The EXMA procedure nas been developed by ZPA in
an atcempt to provide an improved analysis of che relacicaship
between oxidant and precursor emissions while avoiding che com=-
plaxicy of photochemical dispersion models.]/ There is uacartalacy
over cthe applicabilicy of ZXKMA, so that boch EXMA and rollback were
used to provide a range of possible air quality impaccs.

In prepariag the air qualicy projections, baseline zmission
racas for various source categoriss were ctaken from the Nacional
Emissions Daca Syscem (NEDS), and projections for fucture concrol
stractegies plus growth ractes were made. In combinacion with the
mobile source projections, this data allowed an evalutation of air
qualicy improvemencs to be expected. Wich both Modified Rollback
and the ZXMA approach, the relacive changes from stratagy to
scracegy are more reliable than predictions of absoluce levels of
air quality. Therefore, the results will be expressed as percen-
tage gains over baseline bertween various stracagies. In additionm,
although che iadividual regious used in che analysis can be idenci-
fied, the results are not considered accurata enough to be used for
a region by region raviaw of cthe regulacioans. Rather, averages
over all areas analyzed will be used. The average air qualicy
improvements are given in Table 1IV-3.

The modifiad linear rollback and EXMA models differ by a
facror of nearly 2 to | for ozone reductions. However, they =2ach
indicate nearly the same percentage gain from implementing the new
standards. For aexample,. boch methods iandicate an improvement of ]
percent ia ozone ia 1395 when the 1984 regulacions are imple-
aented. This raduccicn becomes 2 percant in 1999.

Table IV-3 indicates thac carbou moncxide will be improved 3
percent in 1990, and 7 percent in boch 1995 and 1999.
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Table 1V-3

Average Air Quality Percent Reductions
From 1976 Base Year

Qzone
(Modified Linear Rollbaci/EXMA)

Scracegy 1980 1985 1990 1995 1999

3ase Case 13/7 49725 54/30 54/31 52/29

Implemenc BD  13/7 49/25 55/32 55/32 54/31
Regs . .

Carbon Momoxide

Scracegy 1989 1985 1990 19935 1999
Bage Case 16 53 85 67 67
Imp lement HD 16 54 70 76 74
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The significance of a percentage gain in air qualicy in terms
of progress toward attaimment of scandards depends upon the origi-
nal lavels. Tor example, a 2 percent improvement in air qualicty
may de sufficient to bring a region thac is already close to the
standard inco compliance, whereas in a region experiencing very
high levels (relative to che standard) chat 2 percenc wouid re~
present a toctally imadequaca reduccion. In a regiom already
meecing cthe scandards, such a furcther gain would increasa the
marzin for complianca. The question could then be posed: "How many
areas originally exeseding air quality standards are brought into
compliance by implemencing the new emission standards?" 1In Table
IV-C cthe air qualicy improvements are analyzed in this fashion.

Considering the czone results firsc, the marked difference in
absolute reductions predicted by wmodified rollback versus ZRMA
noced in Table IV-3 are again readily apparent. While modified
rellback indicates thac 96-98 percent of the regions originally
violacing che ozone standard will come iato compliance ia che
199Q's, EXMA puts that percentage ac 68-72 percent. Therefore, as
nocted earlier, cautfion amust be used in incerpreciag results from
eicher model in absoluta cerms. For example, the indicacion from
modified rollback that aearly all violating regions will ameet the
ambienc ozone standard by 1999 should not be consgidered reliabla.
Racher, the relative change attributable to implementcacion of che
new regulations is che icem of maximum accuracy. The cable indi=~
cactes that impiementation of che heavy-ducy regulacions will result
ia approximarely a 2 percent (collback) co 4 percenc {(ERMA) :educ-
tion in the number of vioclating regions.

The'cau:ions notad for ozone asre equally imporcant in inter~
precting the CO cesults in Table IV-C. Only rollback applies to
this case, and that model indicates chat with either scratagy, all
regions analyzed will atcain the CO standard by 1990. However, it
has already been noted thac it is not wichin the abilicy of cthis
modal to accurataly predict absolute air quality levels. There~
fore, the indicacicn of all regions meecing the standard is incon-
clusive. 4s an illusctracion of che accuracy required to accept the
absoluce projectiomns, in che finmal rollback projectioms for 1999

“only 87 parcent of the regions are in compliance with the scandard
by a margia of greater tham 20 percent for the base case. For the
conerel case, that result changes by 5 perceat to a value of 92
percenc. Inaccuracies on the order of 20 percent or greacer are
more cthan possible in the preseat air quality analysis, and would
markadly change the absolute levels of predictions. However, such
inaccuracy would probably be relacively comstant from scratagy to
strategy and lead to consistenct relative effects. Unfortunately,
since changes ia air qualicy produced by the new ragulacions do not
become significant prior co 1990, no clear conclusions can be drawm
about the effect these regularions will have on aztaimmant scatus.
As noted, based upon the number of regions within 20 percent of the
standard, implemencing the heavy-duty regulations produces a 5
percent improvement.



Table IV=C

Percantage of Regions Originally Violating
Air Qualicy Standards Brought Into Compliance

Ozone
(Modified lLinear Rollback/EKMA)

Stracegy 1980 1985 1990 1995 1999

Base Case 35/14 96/56 98/68 98/72 96/68

Implemenc HD 35/l4 96/56 98/72 98/72 98/72
Regs

Carhon Monoxide

Stracegy 1980 1985 1990 1995 1999
‘Bage Case 2 88 100 100 100
Implement HD 2 88 100 100 100



c. Potential Secondary Envirommencal Imvpaccs

L. Syl furic Acid Emissions

A recent EPA report (38/) provides an in-depch review of
the current stacus of sulfata emissions from mobile sourcas. On a
nationwide basis, mobile sources represent Lless than 2% of the
total man-made sulfur oxides. However, with the introduction of
the catalyst/air pump ctaechnology to control HC and CO emissions
from mobile sources, there axists the pocential for a significant
source of mobile related sulface emissicns ian the form of sulfuric
acid aerosol. While of negligible magnicude on a regional basis,
mwobile source sulifuric acid emissions c¢ould produce a significant
localized urban sulface concentracion in urban streec caanyons, or
codgested urban freeway sictuacions. Moreover, mobila source
sulfaces differ from stationary source sulfaces in chac chey are
emicted in the form of a fine sulfuric acid mist and che particles
teand to remain near ground level.

The increase in sulfate emissiaons due to the use of oxidation
cacalyst/air pump concrol systems on passenger cars and lighc-ducy
trucks has been of considerable concern co EPA. In pre-model year
19753 non-catalyst systems, mosc of the fuel sulfur leaves the
vehicle after coumbusciom as SO,. In oxidacion cactalysc/airz.
pump syscems used on recent model”year auctomobiles and lighc-ducy
trucks, a small mmount (less than 10 percent) (8/) of the sulfur is
converted by the catalyst to 350,. The SO, combines with water
in the exhaust to form sulfuric agid aerosol! Heavy-duty cacalyse
technology has not yec been usaed on in-use vehicles, and so litzle
is known adbout sulface emissions from these systems.

Extensiva efforts have Deen made wichin govermment and indus-
try to improve the iaformation about mobile source sulface smission
faccors, sulfate air qualicy modeling techniques and sulface health
affecrs as a funecion of exposure level. [a addition, technology
assessment work i3 proceeding to identify how sulfates are formed
in catalyst/alr pump syscems, and to develop other Llow sulface
producing catalytic comtrol systems such as the three-way cacalyst.
According cto curreat data, the: axcent of sulfate emissions L3 much
less than early concerms had anticipatad. Major adverse healch and
welfare effects from wobile source sulfates are uanlikely.§/ Table
IV-D indicates sulfuric acid emission racas for several mobile
source cacegories.

The use of catalysts on heavy-duty gasoline engines resuiting
from implementing cthe new gaseous standards is not axpected ¢to
increase presenc mobile source sulface emissions significancly or
to present a future problem. Comsidering the much larger sulfate
emissions already associacted with diesel trucks, plus che facrc thact
equipping HD gascline vehicles with cacalysts would increase the
number of all catalysc equipped venicles by only aporoximacely 2
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Table IV~p

Approximate Mobile Source

Sulfuric Acid Emission Races 8/

Sourca Catagory

H2S04 Conversion

Race (2)

¥on=-cacalyst car
Oxidation catalyst car
J-way catalysc car
Light-duty diesel car
Beavy-duty diesel truck

Aircraft gas Cturbine
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percenc, chere appears to be no reason CO expect a significanc
change in roadsida sulface levels.

2. Lead

The introduction of catalysc technology for heavy=duty engines
will require use of unleaded gasoline to replace che leaded gaso-
line used in curremc heavy-duty gasoline fueled engines. This
change will have a positive environmencal affect as regards the
emisgion of lead parviculate in engine exhausts. Reduction of
mobile source lead emissions is an importanc means of reducing U.S.
urban populacion exposures to high ambienc air lead concentracions.

Emission daca for light-ducy vehiclaes shows thar approximacaly
80 percenc of the lead contanc of leaded gasoline is evencually
emizted from the tailpipe. Applying this to a tyvical lead concenc
for leaded gascoline of 1.5 grams per zallon gives an emission of
1.2 grams per gallom. Wicth an average heavy-duty mileage of 9.9
miles per gallon, and a 114,000 aile life, coctal lead emission over
the life of a neavy-ducry gasoline~fueled vehicle would be approxi-
mately 30 pounds. Thac is, converting to unleaded fuel will result
tn a reduyccion of lead emissions for gasoline=fueled heavy-ducy
venicles of aporoximacely 30 pounds per vehicle over che vehicle
life.

3. Wacar Pollucion, Noise Control, Zaergy Consumpcion

Complying wich the heavy=ducy engine regulacions 1is
expected Lo have negligible impacc oa water pollucion, or on che
abilicy of che heavy-duty vehicle manufacturers to meet presentc and
fucure noise emissioa regulacions. Implemencing cacalysc ctech-
nology can be done with no fuel economy jnenalcy. In fact, che
analysis of fuel economy impact dome in the Summary and inalysis of
Comments indicactes the possibilicy of up to a 9 percent fual
econcmy benefic.

D. Irveversible and Irrecrievable Commitment of Resources

Assuming that cacalytic converters are used to meet che 1984
standards, an additional committmenc of platinum and palladium
would be required over and above chat needed for light-ducy vehi-
cles and lighc-ducy trucks which already employ cacalyscs. The
incremenctal demand in 1985 from equipping all HD gasoline venicles
wich catalycic converters would be zpproximacely 72,423 troy ounces
of plantinum and 36,212 troy ocunces of palladium. These figures
are based upon vehicle sales, catalyst loadings and catalysc sizes
devaloped in Chapter V.
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E. Relationship of Short-Term Usaes of the Eaviroument to Mainte~

aance and Enhancement of Loug-Term Productivity

More striangent comntrol of heavy=duty engine emissions than
that currently imposed will result in substantial decreases in
hydrocarbon and carbon monoxide emissioas frem this sourca. This
reduction will be beneficial and aid in the long—term attaimment
and oaintenance of accepctable air quality.
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Chapcer V

ECONOMIC IMPACT

This chapcer will examine che costs of complying with che
gasaous emission standards and coancrol scrategy for 1984 and later
model year heavy-ducy engines. Costs of compliance are in four
main areas: |) purchase, inscallacion, and checx—-out of new tasc
facilicies designed for use wich the transienc test procedures; 2)
developmenc, production, and installation of redesigned engines and
new or redegsignad semission coatrol syscems; 3) certification
tagcing Co assura che emissiom sCandards are being mec; and, %) the
purchase and inscallacion of new SEA facilicies, self audics, and
annual SEA tescing. For gasolide~-fusled engines, the primary cost
is that for emission coacrol syscems. For diesel eagines, Cche
primary costs are equally shared by naecassary tesc facility modifi-
cacions and engiae development aund redesign aimed ac lowering
emigsions. Also, cthere are costs associaced with the anticipated
need for unleaded fuel for use in cacalysc-equipped fneavy=-ducy
gasoline-fueled engines.

The engine manufacturer @ust bear cthe iaicial coscs for engime
modificactions, emission coancrol hiardware, certificacion, cest
facilicy modificacions, and SEA facilizies and cests. These coscs
will be added to the price of the engines it sells to vehicle
manufacturers or uses ia its own trucks Lf it also produces vehi-
¢les. These costs in turn will be passed om to its cuscomers, che
truck and bus cwners and operacors. Thesa operators ausc also bear
the coscs, if any, of increased operating (fuel/maintenance) coscs
wnich may be caused by che emission concrol ctechnology.

A. Cost_co Engine Manufacturers

The emission control syscem cost escimaces discussed in che
following paragraphs inhereacly include costs to cover the allow=
able maigtsenance. provisions, the lower target emissicn levels with
the 102 AQL, the useful life redefinitiom, and the idle emission
standard for gasoline~fualed engines in addition to the revised
emission standards. '

1. Emission Comcrol System Costg: Gasoline-Fueled Engines

The actual cosgc of complyiag wich the emission standards can
be divided iato two main areas: pre-production cacalyst develop-
mant and testing and the actual emission control hardware installed
ou each engine producad.

Develiopment and ctagting costs are difficult to escimata when

congidering the magnitcude of the zasx. Cacalyst technology is well
developed, which would tand co make this cosc migimal, buc che
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avplication of catalytic converter technology to heavy-=duty engirnes
presents some unique problems. Proloaged operaciom ac high speed
and high load, as well as high speed mocoriang, presents catalysec
durabilicy oroblems winich mustc be closely sctudied. EPA has esci-
mated a development and testing cost of $5.00 per cacalyst sold.
This estimace is based on 3 rough equivalence with the research and
development cost per catalyst applied in lighc—ducy vehicle and
light=ducy truck applicacions.

EPA expects that manufacturers of gasoline-=fueled engines will
adopt oxidation catalyst/EGR based =mission concrol syscems <co
comply with che 1984 standards. The components IP4 axpects will be
used are shown 1in Table V-A, and are discussed separately below:

a. Two Monolithic Oxidatioa Cacalyscs

This analysis assumes that manufacturers will use one monoc-
lichie oxidation catalyst for sach exhaust bamk. A total catalysc
volume to engine CID ratio of l:l is used to increase catalysc
durabilicy and efficiancy. This volume is ac leasc 20% larger that
that used in lighc-ducy applicacions. A loading of 45 g/cubic foocC
of platinum and palladium in a 2:l ratio is used to allow maximum
catalysc durabilicy and afficieney. The catalyst manufacturing
cost was cowmputed using che data and mecthodology in a cost escima=-
tiom report prepared under contract for EPA.l/ The methodology was
alcered by using 1979 noble mecal prices and allowiag for the
affects of inflation on other costs.2/ The use of these cacalysts
will inherently yield compliance with :the idle emission scandards
at no extra cost.

b. Chassis Heat Shields

Chassis heat shields may be required co protect the vehicle
chassis from heat damage by the cazalytic converter. These will
likely be simple stamped sceel parts weighing two o three pounds
2 piece. The use of brush shields is noc expectad because of the
need to maximize coavertar cooliag and che iaherenctly higher
running clearance of heavy-duty vehicles. Chassis heat shield
costs were estimaced using che Rath & Strong report cited earlier
and allowing for cthe effacts of inflaction.

c. Stainless Steel Exhaust Pipes

Stainless steel exhaust pipes between the exhaust manifold and
the catazlyst will be necessary to insure the proper functioning of
thea catalyst for the full useful life. The actual cost of the
pipes 13 dependent upon che discance between the exhausc maaifold
and the catalytic converter. EPA has estimacted che cost of these
pipes using the Rath & Strong report and taking a credit for the
standard steel exhausc pipes being replaced.
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Table V-aA

Emission Control. Componenc Manufacturing
Costs for Gasoline—=Fueled Engines

Component EPA Estimace
2 Monolichic Oxidation Cacalystas $175
Chassis Heac Saields 6
Stainless Steel Exhaust 14
Air Pump Upgrade 26
Air Modulacion Syscem 7
Decaleration Fuel Shut—=off 11
Paramecer adjustment I
Unleaded Fuel Engine Modificacions 10
High Energy lgnition 90

$253
1/ Assumes total cacalyst volume equals expecced average engine

CID (360), noble mecal loading of 45 g/cu.fr. using platinum and
palladium im a 2:l racio. Sized and loaded for full useful life.



d. Air Pump Upgrade

Alcthough all heavy-dury gasoline=fueled engines currently use
air pumps, cthey do not provide cthe air volume necessary co maximize
oxidagion in the exhaust manifold, the exhausc pipe, and the
catalytic converter. The cost of this upgrade has been escimaced
by assuming cthar current air pumps will be modified to provide
approximacely a factor of two Co chree increase in the air volume.
These costs were estimated using the manufacturing cosc estimacas
oresented in the Rach & Scrong repoert as an indication of che
increased macerial costs and labor necessary rCo upgrade Cche air
pump. The cost esgimata is in close agreement with a GM ascimace
submitted ia Ctheir commencs.

a, Alr Modulacion

Air modulation is necassary to provide the opCimum air/exhausc
gas racio ac different operacting loads, chus maximizing dC and CO.
oxidation. The manufacturing cosc used iLs a GM estimata.

£. Deceleracion Fuel Shuc-off

To aid in prolonging cacalysc durabilicy during nigh speed
mocoring, scme form of fuel shuc-off may be required. The manu-
facturing costs usad here are taken from a GM sscimace.

g. Unleaded Fuel Rescrictor, Decal and Zagine Label

These minor components will be necegsary to deter misfueling
and comply with useful life regulations.

h. Parameter Adjustment

These modifications will be necessary due to the paramecar
ad justmenc regulacions. Since most heavv—ducy engines are also
sold in lighc-ducy ctrucks, and lighc-dury truck paramecer adjusc=
ment provisions will be implemenced prior to 1984, the cost of
applying the parameter adjustment provisions to heavy-duty =ngines
should not exceed minor hardware modifications. B3ased on manufac-
turer comment, a manufacturing cost of $4.,00 per angine i3 assumed.

i. Unleaded Fuel Engine Modificacions

Unleaded fuel will require exhaust seac inserts, valve guides
and valve seals to maximize eagine lifetime. The cosC per cengina
esctimace is taken from GM daca.

i. Bigh Energzy Igmitiom

This item is already scandard equipment om heavy=-ducy
gasoline-fuelad engines.
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The comporent manufacturing {(vendor) costs shown in Tabla V-a
are in close agreement wich confidemcial figures received by EPA in
ocher waiver and rulemaking actioms.3/ <Corporate and dealer
ovearfead and profic will be considered in a separate section of
this chapcer.4/

2. Emissica Coantrol Costa: Diesel qu;nes

a. Gaseous Emissions

Even wizh the increased scringency of che BC and CO emission
standards, few heavy-duty diesel engine manufacturers are axpected
to amploy add=cn devices solely to reduce emissicns. Diesel angine
CO emissions are inkerently so low chat co angige family will
require further reductions to meet the rtargec emission levels.

However, this 13 not the case for HC amissions. an EPA
analysis of diesel transient caest emission daca curresacly avail-
able5/ shows chat 14 of the current domestic engine families (36.3
percant of sales) already meec the cargec emissicn levels for HC
and CO.

Anothar 14 of the currenc engiae Familiaes (38 percenr of
gales) are within eaay ranga of meeting thea Carget emission lavals
with relativaly minor changes to injector ciming, Lajector rade-
sign, or, in a few cases, combuscion chamber rsdesign. EPA asci=-
maces injector ctiming changes to cosc noc more than $5 per eagine,
injeccor redesign $20 per engine, and combustion  chamdber rede-
sign $50-5300 depending on production volume. Of these 4 fam—
ilies, two will not De certified in 1984 buc will be replaced by
ocher families which are noc yet certified.

The remaining L0 engine families, about 25 percenc of current
sales, are noc within range of meecing che cargec HC levels wichout
major design changes or add-on hardware. Based on the data avail-
able in the -analysis mentioned praviously, the remaining engine
families seem to have one or more of the following charactaristics:

-gigh raced speed, low rated BHp

-naturally aspiraced

-turbocharged, but not intercocled or aftarcooled
-two stroxe engine

=-high surface co volume (S/V) racio

-larger than average sac volume

EPA expects the manufacturers of these engine families will cake
geveral scaeps to reduce the HC emissions.

The Eirst sceps taxen will be similar co chose used co bring
other engine families ianto compliance. These include changes to,
the fuel imjeccion cimiag and race as wall as modificacions to che



fuel injector design aimed at decreasing sac volume or opcimizing
the inmjector spray pacterm.

Qther mora coscly and sopnisticaced HC coantrol cechaiques
which may be used include combustcion champer redesign to reduce the
S/V racio, pre-chamber injection, variadble injeccion zimiag,
turbocharging, aftarcooliag, and EGR. Cost escimaces for each of
these pogsible scracegies are found in Table V-3.

Of che 10 familias which will need major work to meet the HC
carget levels, EPA has learned thac ac least five will noc be
carcified {n 1984. Of chese five families, one is simply being
dropped, and four are being redesigned primarily due.co che 1982
nolse standards, with emissiocas and fuel =2conomy as seconddry
consideracions. Based ou the diesel :ramsient cesc daca analysis
aencioned praviously, EZPA has used engineering judgment in dacer=~
mining how che manuiacturers of che remaining engine families may
reduce HC emissions to cthe target levels raquired. This is shown
in Table V-C, rtogecther with EPA's manufacturing cosc sstimace for
each asngine Efamily.

It should be aoced thac the iajector and combustioa chamber
redesign work discussed above gives the manufaccurers am excellenc
opportunisty ¢o perform design research and development aimed at
lowering NOx and particulace emissions, while ac the same cime
improviag fuel economy.

b. Crankcase Emissions: Naturally Asoiraced Eagines

The percencage of engines which will be naturally aspirated
(aon=~turbocharged) ia 1984 is difficult to estimace. Currenc
certification daca shows that about 25 percenc of all new diesel
engines sold are nacurally aspiraced. These 25 perceanc are eagines
primarily produced for use in eicher buses or inner-cicy class VI
trucks (also xknown as medium=ducy).

It is well xnown chat cturbochargers are aoc as affective in
inper=city and suburban applications as they are iz rural and
linehaul applicacions. However, as diesal fuel prices countinue to
increase, cthe fual saved by turbochargiag for these applicacions
will begin to offset che incceased iaicial purchase price and
maiatenance cost of turbochargers.

Wich che expected influx of diasels inta che predominataly
gasoline~fueled engine marxet, classes IIB=~VI (8,500-26,000 1lb5.
GVWR), it i3 imevicable that a substancial portion of these diesals
will remain oaturally aspiraced.§/ Chapcer III shows thac in 1986,
the aid year of cthis analysis, classes [IB-VI will account for 3&
percent of tocal diesel sales. TFor purposes of chis analysis, SPa
shall assume that half of cthese engines remain non-turbocharged.

78~



Table V-8

Manufacturing Cost for Diesel HC
Control Techniques L/

EPA Escimate

Componenc/Technique Cost_per Engine

l. Optimize Injection Timing 2/ S 5

2. Injector Radasign 2/&/ § 20

3. Combustion Chamber Radesign 2/4/ $ 50-300

4, Pra=Chamber Lajection E/gj- $§100-300

5. Variabla Iajeczion Timiag §120-450

6. Turbocharging 4/ $300-1,200

7.  Afcercooling &/ | $200-400

8. Exhaust Gas Qecirculaction 3/ § 40-160

1/ Source: Interagency Scudy of Posr-1980 Goals for Commercial
Motor Vehicles, Juane 1976, and EPA estimaces.

2/ Estimaces include short-cerm research, development and cooling.
¢osts, but do not include additiomal hardware which is aoc inher=
ently necessary.

3/ Slighc fuel ecomomy penalty.

4/ Slight fuel ecomomy increase.
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Table V=C

Emission Control Techniques and
Coscs for Heavy=Ducty Diesel Engines

Eagize Estimaced 2 Concrol Estimatad Manufaccuring
Family of Tocal Sales Technique Cosc Per Engine 1/
L L0442 Injeccor redesign, $320
combustion chamber
redesign
3 6.6% Aftercool §200
3 0.662 Opcimize injectiom $308

timing, combustion
chamber redesign

4 0.22% Injector redesign, $420
aftarcool
5 1% Redesign combuscion $225

chamber, add ZGR

1/ Manufacturing cost estimate is based on production volume
_affecced. :



A per-engiae manuficturiog cost of $10.00 will be used as che
hardware cost to close che crankcase. This escimate was provided
by Cacerpillar Traccor Co.

c. Summary of Diesel Control Costs

The actual coscs iacurred Co reduce gaseous emissions can be
divided into chree main areas: research and development, cooling
changes, and hardware.

Research and Development (R&D) coscs will be iocurred in 1981
and 1982 as modificacions and redesigns are made cto engines and
eugine compouencs. Tooling cost3 will occur primarily ia 1983 as
changes are made to prepare for 19846 production. Hardware coscs
will be incurred ia the actual year of production.

The major design chamges which are expected: optimized
injecgion timing, redesigned injecrors, and radesigned combustion
chambers, are primarily short cterm R&D and cooling coscs. The
redesigned or modified hardware should noc be ianherencly amore
expensive than thar which was previously used. Iz is reasomable
that che coscs actribucable to RAD and tcooling would be divided
evenly over che period 1981-1983.

The actual amanufacturing <ost to maxe any hardware modifica-
tions or add any additional nardware to an engine would be primar-
ily dependent om cthe production volume affecced. For example, the
cost per engine for combustion chamber. radesign would be much
larger for 300 eagines than for 10,000 engiaes. For chis cost
analysis, small produccion volume will be considered as 2,000 or
less per year, medium production volume 2,000-10,000 per year and
large productioa voilume greacer than 10,000 per year.

The final emission coatrol cost will be discussed according
to the small, medium, and large volume criceria described above and
estimacing costs based ou producticn volumes.

0f che 6§3.7 percenc of current sales wnich will require some
work to meet the standard, 2.8 percent comes from famiiies wich a
small sales volume, 6.6 parcent comes from medium gales volume
families, and 46.5 percent comes from families with large sales
volumes. The remaining 7.7 percent of the sales will not be
produced in cheir currenc families in 1984. ‘

Table V-D shows the coatrol stracegies which may be used in
the small, medium, and large volume sales families. The comecsol
strategies used are bdased ou EPA's analysis of the diesel transienc
test daca mencioned previcusly. The cost escimaces are Caxen from
Table V~B. Howaver, the Ffinal cost estimsre used is based, in
addition, on the sales volume affacted. Small volume families
would incur manufacturing coscs near che aigh ead of che range



Engine Family Control Cost Estimatas 1/

Table V=D

Volume Control Percent of ZPA Cosc
Class Techunigque Total Sales Zstimate
Small Optimize Injection Timing 0.88 $§ 5
Injecror Redesign 2.1 $ 20
Combustion Chamber Redesigm 1.43 $300
Afrercooling 0.22 $400
Medium Optimize Injeccion Timing 2.0 $ 5
Injeccor Redesign 3.0 $ 20
Large Opcimize Injeccion Timing 20 § 5
Injeccor Redesign 13.4 $ 20
Combustion Chamber Redesign 26.6 $ 50
Aftercooling 6.6 §200
Zxhaust Gas Recirculaciom 11.0 $160 2/

1/ Cost estimactes are linked to production volume expected.
2/ Based on engine family specific daca.

-82-



showa in Table VY-8, medium volume sales families near che amid poiat
of the range, and high volume sales families near the low end of
cthe manufacturing costc estimactes.

The final average cost per engine can now be compuced by using
the sales perceatage and cost escimate daca shown in these zables
and the data presented above on sales already in compliance,
discontigued engine families, and diesel cramkcase concrol cosc.
This final compuzation is showm balow:

Cacegory Fraction of Tocal Manufacturing Cost Zstimace
gég Hardware
In Compliance .363 0 : 0
Disconciaued 13 0 Q
Small Volume Sales .028 4.30 .38
Medium Volume Salas .030 .70 0
Large Volume Sales 466 17.00 30.80
Diasel Crankcase .170 0 1.70
Average Cost Per Engine $22.50 $33.38

Corporata, vehicle mamufacturer, and dealer overhead and
profic on this iavestment and hardware will be discussed in a
separace section in this chapter.4/

3. Certificacion Costs

Certification is the process in which EPA decarmines whether a
manufacturer’'s engines conform Co applicable regulations. The
engine manufacturer mustc prove to EPA thac its engines are designed
and will ba builc such that chey are capable of complying with che
emission standards over their full useful life. The certification
process begins by a manufacturer submitting co EPA an applxca:xon
for certification. Subsegquently, two sceps occur.

The first scep involves the decermination of preliminary
detarioracion faccors for the regulated pollucancs. These detari-
Jration factors amust be multiplicatcive ia nature for both gasoline-
fusled and diesel heavy—duty engines. The eungine manufacturer may
detarmine chese preliminary deterioratioa factors in any manner it
deems aecessary to Lnsure that the preliminary deterioration

"factors it submits to EPA for cartificarion purposes are accurate
for che full useful life. Manufacrurers wmust scate that their
procedures follow sound engineering practices and specifically
accounc for che decerioracion of EGR, air pumpse, aand catalysts as
wall as ocher cricical decerioration processes which the manufac-
curer mnay ideacify. In addition, when applicable, che manufac~-
turers must 3scate chact the allowable maincenance intervals were
followed in determining the preliminary deterioration factors. The
manufacturers would submit preliminary decerioratioms faccors, based
on cthe definicion of useful life, ian each case where current
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cerctification procedures require tesctiag of a durabilicy-daca
aagine. Beyond chesa raquirements, EPA would anot approve or
disapprove che durabilicy tesc procedures used by the wmanufac-
turers.

Step two iavolves emission daca engines. One co four engines
will be chosen for each engine family. These engines would be
operaced for 125 hours in a procedure designed by che manufaccurers
before che emission tesc. The preliminary deterioracion (factor
will be multiplied by the 125 hour emission test results cto predict
whecher che emission data engines would wmeet the standards for
cheir full useful lifa. If che emission data engines are predicrad
TO pass the standards over the full userul life, chen che angine
family is granced cartificacion.

For che purpose of this cost analysis, cthe following assump—-
tions are reasonable based omn pasc praectica. [n 1984, manufac-
curerg will cartify one emission counctrol syscem per esngine family
resulcing in che need for one set of preliminary decerioracion
faccors per family. EPA will select three =2mission data engines
for each gasoline~fueled family and two for each diesel family7/,
since each manufacturer will develop ics own preliminary decarior=
acion factors. 4As a base escimace, EPA has assumed cthat a maau~-
faccurer will follow che currenc procedures escablished by EPA.
For a gasoline~fusled engine, cthis is a 1500 hour period with a
test each 125 hours plus cescs associaced wich scheduled main-
canance. For a diesel engine, chis covers 1,000 hours with a test
each 125 hours plus cests assoclaced wich scheduled maincenance.

In order to escimace cerctificacion costs, unit costs must be
xnown for each of che following: an emission data engine tasc
including the required 125 hours of service gccumulacionr plus the
prococype engine and, preliminary deterioracion factor assessmenc,
which EPA believes will be conducted 1o a manner similar to the
current pre-production durability cescing procedure. All cercifi-
cacion ctestc coscs include crangient and idle emissions for
gasoline~fueled engines and transient and smoxe emissions tor
diesal engines.

Table V- gives EPA escimates of these costs for both types of
engines.8/ Escimaces ars in 1979 dollars.

Tables V=F and V-G show the calculation of inicial carctifica-
tion costs for sach manufacturer. The aumber of cestc oparacionms of
each wind required by each manufacturer depends on the awber of
engine families it will certify in 1984. Some manufacgurers have
provided EPA escimates of how many families they will certify in
the mid 1980's. These estimates have been used when possibla. In
all ocher cases, the aumber of engine families certified ia 1979
has been used.3/ 1t should be noctad chat the preliminary decerio-
ration faccor assessment costs will only be incurred for chose.



Table V-£

Uaic Coses of Cartification Teses’

Test Gasoline=fueled Diesel L/
Prelimipary deterigracion S122K $106K
factor asseasmenc. 2/

125~hour emission daca $13K $§20K
engine. 3/

jra

[9%)
‘\

lncludes transient, idle, and smoxe emissions.

Assumes manufacturers follow current EPA procedures, buc chis
is noc mandacory.

The aanner in which the 125-nour breax-~ia period is carried
out is at the manufacrurers' discrecion.
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Table V-F

Gasoline-Fueled Engine Certificaction Costs
for Modiel Year 1984 sand Faollowing

(a) (b) (c) (a) (e)
Total Prebliminary Nuuber Totai Total Initial

Number of Deteciorarioan Factoc of Emission Emissian Data Certification
Mix. Engine Families Asseasment CosLs Data Engines Engine Coscs Costa
e 4 $ 488K 12 $ 156K $ 644K
Ford 8 § 976K 24 § 2K $1288K
Chrysler 3 $ 366K 9 $ 11K § 483K
CH 4 $ 488K 12 $ 156K § 644K
Toral $23i8K § 2K §3059K
(b) = (a) x (§ 122k/engine family).
(c) = (a) x 3.
{d) = (¢) x (§i3K/emission data engine).
(¢) = (b) + (d4d).



Table V-G

Diesel Engine Certification Costs
£or Modc) Year 1984 and Following

-Le-

(a) (b) (c) (d) ()
Total Preliminary Huumber Total Total laitial
Number of Deterioration Factor of Emission Emisusion Data Cextification
Mfc. Enpine Families Aseessment Costs Daca Engines Engine Casty Coste
[H] 9 § 954K 18 $360K $L314K
Cunmins 19 1178k 1/ 38 160K 1938K
Caterpillar 9 954K 18 60K 1314K
Mack 4 424K 8 160K 584K
{1 5 530K 10 200K 130K
Deurz 2 - 2 40K 40K
Tauzu 2 - 2 40K 4LOK
WhiLte Engines | - | 20K 20K
Fiat 2 - 2 40K 40K
Mercedes 3 38K 6 120K 438K
Hitsubisghi 1 -~ ) 20K 20K
Scania Vabis ] - l 20K 20K
Volvo 3 - 3 60K 60K
llino 1 - | 20K 20K
Total $4358K §2220K 56578K

(b) = (a) x (§106K/engine family).

(d) = (¢) x (§20K/emission data engine), assumecs two per engine family for large voluwe manufacturers
and one for swall volume manufacturers.

(¢) = (b) + (4).

1/ Cummins srated their preliminary deterioration factor asscssment costs ar $62,000/fanily.



engine families certified by large volume manufacturers. For small
volume manufaccurers chis cost i3 virtually zere.

4. Test Facilicies Modification

These regulations will require cthat wmanufacturers remodel
and/or purchase unew engine dynamometars, dynamometer c<oncrols,
conscant volume sampling syscems, and analycical syscems. Some
manufacturers will have to remodel or build new cesc cells, as
well, to acsommodate the new test equipmenc. There will also be
costs for developing tescing sofcware and compucer hook~ups. Thase
requiremencs are che result of the revisions in che cestc procaedures
and the increased certificacion load ancicipaced for the mid-
1980's. 0Of all che manufacturers which are affecced by chese cest
facilicy modificacions, oanly G and Chrysler cowmmenced ia suffi-
cient decail for amalysis.

EPA's analysis of cthese commencs, given in Cthe Summary and
Analysis of Comnen:sig/, shows cthac GM's modificaclons forv
gasoline~fueled engines facilicies would aot exceed $1,673,000 and
Chrysler’'s costs would aot excsed $3,334,000. In eicher case, ZPA
beliaves these amounts to be the absoluCe maximum chat eicher
manufaczurer would have to spend on new facilicies and aquipment co
comply wicth these ragulations.

Based on EPA's analysis of GM's coumencs, heavv-ducy diesel
facilicy and equipment modifications for GM should aoc exceed, at
mosc, $6,015,000.10/

Since GM and Chrysler cast facility and squipment costs have
been mentioned above and discussed in more decail ia ocher support-
ing documentation, GM and Chrysler coscs will nct be discussed in
any further decail here but will be direccly carried through to the
sumpary tables which follow.

a. Dvaamometars and Control Svstems.

Manufacturers will nsed engine dynamometars for two purposes:
pre=production testing and emissions tescing. Dynamomectars used
for emission testing using the new ctransient ctest procedure will
likxely nave to be DC-electric dyunamomecers with sophisticaced
concrol systems. Dynamometers used for pre-sroduction tesciang can
be substancially simpler in cerms of their concrol systems, and can
be 2ither DC-electric or eddy=-current modified by the addition of a
mWOCOT O permiC conscant-speed motoring. 1t will be possible to
use an emission ctest dynamomecer GCo dccumulate saervice, but ot
vice versa. This diffaremca in required capabilizies and cosc
leads EPA cto anticipate chac asanufacturers will dedicaca dyna-
momecers f£or each pyrpose, racher cthan perform both operacioms on
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the same sec of dynamometars.

The anumber of dynamometers of each type needed by each manu-
facturer has been estimaced by starting wich che aumber of engine
families estimaced for the mid 1980's or, lacxiag a aoan-
confidencial astimace, with the aumber of 1979 diesel families and
gasoline-fueled families. Based on coanversaticns with manufac-
turers or on historical racios bectween number of families and
aumber of development-plus-certificacion dynamomecers, che tocal
number of dynamomecars needed for 984 was escimated. This cotal
wag gplit bacween emisgion tast and pra=-production czsting dynamo-
mecers by allowing oue emission Cestc dynamomeCer per engine family
plus one, unless a2 manufacturer indicaced it planned to make do
wich fewer. The remaining dynamometers were Ciken Co De pre-
production cescing dvnamomecars. EPA beliaves chis mechod 1is
conservative ia that it over astimates che agumber of che more
axpensive emission cest dynamomecers.

EPA chen iaventoried the dynamomecers now owned b0y the major
manufacturers, to identify where modifications or additioas will be
required to meac cheir 1984 needs. Small volume manufacturers wers
treaced by assuming worst-case neads for new equipment. Unic coscs
for modifications and addicions were also estimaced based on EPA
experience, manufacturers' commenc, aud vendor escimages received
by EPA.

Tables V-8 and V-1 show the resulcing pre-production testing
dynamomacers costs by manufacturer. No manufacturer will need zo
buy completely new pre-producticn testing dynamometsrs, bDut most
will have o maxe modificacions.

Tables V=J and V=X present EPA's aescimacey of che need for and
cosct of new and modified dymnamometers for emission cescing.
Manufacturers anow using DC-electric dynamomecers will have co
' vemodel chase in either of two ways, depending on the dynamometer
models. EPA assumes that all manufacturers with a shortage of
DC-eleccric dynamomecers will purchase agew DC-eleccric dynamomecars
and aew coutrol syscems to fill the shortage. However, it Lis
lixely chat some manufacturers will be able to avoid che coat of
new DC-electric dynamometers by findiag a way to remodel old
eddy-current dJdynamcmecers. Two types of eleccric dynamomecers
which are gsuitable for amissions testiag will be coansidered:
moctor-generator hased and thyriscor based. There is a considerable
cost difference berween chese two Cypes of dyunamometars, but Cthe
gore expensive wmoLor generacor based system is amuch more eascab-
lished. For the saxe of cthis analysis, EPA shall assume that half
of the manufacturers purchase the more expensive motor—generator
based dynamomecer and half purchase cthe aewer, less axpeasive
thyriscor based dynamometars.
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No. of Engine No. of Dynos No. Available Total
Manufacrurer Families in 1984 Needed Without Rewmodeling No. Rewodeled 1/ Cost
Hic 4 2 1] $170K
Ford 8 4 4 0
Chreysler 3 - - -
CH 4 - - -
17"—_Cout each = $685K. Includes new control sysiem and woltoring capability on all eddy-current dynamowetlera,

EPA eatimate. '

2/ CH & Chrysler costs are included in che total cost estimates ciced previously.

Table V-H

Pre-Production Dynamometer Coatd, Gasoline-Fueled Engines
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Table V-I

Pre-Production Dynamometer Casta, Diesel Enginews

No. of Engine No. of Dynos Ho. Available Tocal
Manufacturer Families in 1984 Needed Without HRewodeling No. Remodeled 1/ Gost
GH 2/ 9 - - - -
Cunming 19 10 0 10 850K
Catecpillar 9 5 0 6 S1UK
Mack 4 2 0 2 i70K
e b 3 0 3 255K
Deutz 2 1 0 1 85K
lauzu 2 ) 0 1 85K
Whice Eangines | | 0 i #H5K
Fiat ' 2 i 0 l 5K
Hercedes 3 2 o 2 170K
Mitsubishi 1 1 0 1 85K
Scania-Vabig i i G i 85K
Voivo 3 2 0 2 1 7UK
iino 1 | 0 | 85K

I] Cost each = $85K. Includes new control system and motoring capabilicy on old eddy-current dynamometercs,
EPA estimate.
2/ GM costs are included in the rotal cost estimate cited eaclier.



Table V-1

Emission Test Dynawometers and Control System Cosc, Gasoline-Fueled Engines

No. of Engine

No. of
Emission Test

No. Rewodeled 1/

By Adding Cowputer

Manufaclturer Familiea in 1984 Dynoa Needed Control System
e 4 5 2
Ford 8 9 8
Chryuler 3/ 3 - -
6™ 3/ 4 - -

1/ Cost each = $I5K.
2/ Cosc each = §170K.

i/ CH & Chrysler costs are included in the total costs cited previously.

No. Remodeled 2/
By Adding Computer
Control and New
Control Cabinet

3

Tocal
GCoat

$580K

450K
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Manufacturer

Table V-K

Emisaion Test Dynawoweters and Control System Coscs, Diesel Lugines

Ho. uf Engine
Fawilies in 1984

No. of
Emisaion Test
Dynoa Needed

HNo.

Hemodeled 1/

By Adding Computer
Contrul Hysteam

oM 4/
Cunning
Caserpillar
Hacik

IMC

Deutz

lauzu

White Engines
Fiat
Hercedes
Hicgubishi
Scania-Vabiua
Volvo

Hino

Lo VO Ry SURY SR SN W R VSV Y.

R d had e
S, N, Y,

Cost each = §B5K
Coust each = §170K
Coat each = §290K, with a range of §$175K ~ $405K.
GH coats are included in the total diesel cota fur GM cited previously.

~
(=4

-
-l e IR WD

[N~~~ N = = — ]~ |

No. Rewadeled 2/
By Adding Computer
Conctrol and Rew

Control Cubinet No. New 3/
0 20
0 10
0 2
0 5
0 2
0 2
0 ]
0 2
0 4
0 ]
G i
(1] 4
U i

Total

Cosc

$5800K
2900K
580K
1450K
SBUK
S8UK
290K
580K
I160K
290K
290K
116UK
290K



b. Congcant Yolume Sampling Svscems

No engine manufacturer presencly owns any coanstaat volume
sampling (CVS) systems suicable for use in tescing heavy-ducy
aengines with the transient test procedure. CVS systems will bde
used oaly for emissiom cescing. Since onme CVS unit can serve more
than one emission test dynamometer, wmanufacturers will need fewer
C7S units than chey do emission rest dynamometers. Tabies V=L and
V-M gives EPA's astimaces of the number and cost of CVS systems
that will be requirsd by each wmanufacturer. This analysis will
assume - a 2:1 dynamomecer—co-CVS racio and will use cost escimaces
consigtent with manufacturers' commeat and EPA aexperience.

¢. Analytical Syscems

Current analytical sysctems used by engine manufacturers are
designed for measuring pollucant concentrations ia hot, raw ex-—
haust. Under the cransient cest procedure, CO, NOx, and gasoline-
fueled engine HC will be measured after being diluted with cool air
and collected in a sample bag. EPA ancicipaces char an axiscing
system cam be converted to the new requiremencs at less chan che
cost of a new syscem. The cost depends on the ctype of NOx anmalyzer
in the existing syscem. Also, because of the idle emission scan-
dard, manufaccurers «ill aeed an addictiomal raw exhaust COq
analyzer for use in the idle emission test. One aew raw COq
analyzer will be required with each amalycical syscem. Tables V-N'
and V=0 give the aumber of systems requiring couversion and che
total cost for each manufaccturer. Coscs are EPA estimaces,

d. Vew Structures and Remodeling of Existiang Scructures

Some manufactursrs indicated duriag conversations with EPA
that new dynamometers and CVS syscems could not be accommodaced
wichaut new or remodeled buildings. Table V-P and V-Q list che
cost of new or remodeled scructures. The costs used are EPA
escimataes, which on a manufacturer=to-manufacturer basis are
conservatively high. These costs are estimaced on a square footage
basis for the CVS modificaticmns. Dyunamometer-relatad costs depend
upon the ctype of dynamometer. purchased. Fer manufacturers wno
purchagse cthe more axpensive DC-electric dynamometers with mocor-
generagor sets, facility wmodifications will also be required co
accommodate Gthe motor—genaracor sets. No facility wmodificacions
will be required if che manufacturer purchases electric dynamome-
ters which do not require motor-generator seacs. As before, EPA
shall assume cthat one—-half purchase alectric dyuvamometers waich
require facilicy modificatioas and ome=half purchase electric
dynamometers which require ao substantial modificacionms.

a. Software and Compucer Hook—-up

Manufacturers will need to davelop new computar softwars for



Table V=L

Constant Volume Sampling System Cost
Gasoline-Fueled Engines

Number of Number of 1/ Tocal

Emission Test CVS Systems cvs

Manufacturer Dyunos Required Cost
IHC 3 3 $450K
Ford 9 5 750K

Chrysler 2/ 4 - -

™ 2/ 5 - -

1/ Cost each = $150K, includes inscallacion.
2/ ™ and Carysler costs are included in the total costs cited
previously.
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Manufaccturer

(02§ 3/
Cummins
Cacerpillar
Mack

I8C

Deutz

Isuzu

Whica Engines
Fiac
Mercedes
Mirsubishi
Scania-Vabis
Volvo

Hino

Conscant Volume Sampling System Costs

Table V-¥

Diesel Eagines

Number of
Emission Te
Dynos

sC

— 8
oo

— e PN RN NN

Number of 1/
CVS Systems

Required

= 1 e D e = — LN O

1/ Cosc each = $180K, includes installacioa.
2/ GM costs are included in diesel cotal costs for GM cited

previously.
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Tocal
Cvs

Cost

$1800K
900K
360K
540K
180K
180K
180K
180K
360K
180K
180K
360K
180K
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Table V-N

Analytical System Coste
Gagoline-Fueled Engines

Number of Qhewilunmi-

nescence Equipped 1/4/ Number of NDIR- 2/4/
Systems to be Equipped Systems Number of 3/4/
Manufacturerx Converted to be Converted New Systewms
ic 5 0 0
Ford 8 0 1

Chrysler 5/ -

GH 5/

1/ Cost each = §21K

2/ Cost
3/ Cost
4/ Cost

each = §29K
each = §70K
includes $5K for a new raw COy analyzer.

5/ M and Chrysler costs are included in the total

cost estimates cited previously.

Total
Analytical System

Cost
§$105

238K
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Manufacturer

CM

Cunmins
Caterpillar
Mack

e

Deutz

Lauzu

White Engines
Fiat
Mercedea
Mitsubishi
Scania—Vabise
Valvo

Hino

Table V-0

Diceel Enpgines

Analytical Hystem Conversion Costs

Number of Chewilumi-
nescence Equipped 1/

Systems to be
Converted

1/ Cost cach = §26K
2/ Cost cach = §34K
2/ Cost cach = §81K

cCOoOoOOOLOOOCOO=0C0 |

Number of NDIR-

2/

Equipped Systems

to be Converted

coococOoOooS0OCONMNOD WO

Nuwber uf,l/
New Systewms

B - R e - b |

Total
Analytical
Cost

System

810K
264K
107K
149K
81K
81k
81K
81K
162K
81K
BIK
162K
81K



Manufacturer

13c
Ford
Chrysler 3/

& 3/

Table V=P

New or Remodeled Structures Costs 1/
Gasoline=Fueled Engines

Costs to
Accommodate

CVS Syscems 2/

§240K

400K

Casts to
Accommodate

Dynamometars

0

0

1/ Based on conversation with ganufacturers.

2/ Assumes 400 sq. fr. at $200 per. sq.ft., per CVS.

Tocal
Cost

$240K

4Q0K

E/ QM and Chrysler costs are included in the total costs ciced

oreviously.
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Table V=Q

New or Remodeled Structures Costs L/
Diesal Zagines

Costs o Costs to

Accommodace Accoumodace Tocal
Manufaccurer Cvs Svscemsll/ Dvnamcmecars.ﬁ/ Cosct
@ 2/ - - -
Cummins 800K 0 300K
Cacerpillar 4Q0K 1500K 1900K
Mack 160K JO0R 460K
THC 240K 750K 990K
Deucz 80K 300K 380K
Isuzu 80K 300K 380K
Whice Engines 80K 150K 230K
Fiac 80K 300K 380K
Marcaedes 160K 600K 760K
Micsubishi 80K 150K 230K
Scania=Vabis 80K 150K 230K
Volvo 160K 600K 760K
Hino 80K 150K 230K
1/ Based on conversatioas with larger—-volume manufacturer, and om

worst-case assumpcions for smaller-volume manufacturers.

2/ GM costs are included in che tocal diesel cost cited previously.
3/ Assumes an average of 400 sq.ft. ac $200 per sq.fc. '

4f Assumes an average of $150K per emisgion dynamometer, with a
range of $50K~$250K.
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use in unnormalizing engine operacing cycles, validacing casc rwuas,
and calculacing ctesc resulcs. Mosc of the manufacturers now have
suitable compucers ac their facilities Zor this purpose, and others
can arrange for commercial time-sharing service. Ia eicher case,
chera are coats associacad with computer hoox=up to the tasc area.
Tables V-R aad V=~S give EPA's escimares of thase software and
hook=up cogcs. Cost estimaces are in close agreement wich commencs
by GM.

5. Selective Enforcemenc duditing Costs (SEa)

In addition %o cha revised emissioa standards for 1984, EPa
is implemaacing a production line ctescing program for gasoline-
fuelad and diasel eagines. This program, xnown as Selective
Eaforcement dAudicting, 1s designed to ensure that production—line
engines will meef at least the applicable emission standards after
ad justment Cfor projected useful Llife decerioracion. The costs
assoclated with che SEA program can be broxen iacc three main
catagories for both gasolina-fueled snd diesel angines: SEA cast
facilicias, SEA cest costs, and <oscs assoclaced wich a (0% accepc-
able Qualicy Lavel (aQL).

a. Tagt Facilicies and Equiomenc for Formal SEA

The gumber of cest facilicies required for formal SEA is
dictaced by che audit racte orescribed in cthe regulations. Pres-
encly chis requiremenc is two tascs per day. For small volume
manufacturers chis requiremenc is decreased to ome cest per day.
Based on a statistical analysis an averaga sample size of cwalve
engines per audic is expected.ll/ This average sample size assumes
thac 10 percant of the 2ngines tested are aoc ia compliance.

Based on the commencs received, ic appears that manufaccurers
will use less expensive eddy-currenc dynamometers Eaor eagine
"break-in" and will then move the engines to anocher cast sice for
formal emissions testing on a DC-electric dynamomecar. Using the
SEA cregulacions and EPA tescing experience as guidelines, EPA has
detarmined that two "bSreak-in"” sites and one emissions tescing sice
could provide six engines per wveex.l2/ Thus, doubling these
facilicies co four "break=-in" sites and cwo emission cesting sices
would provide cthe two aengines per day aecessary to fulfill cthe
requiremenacs.

In calculacing che coscs for chese facilities, EPA has assumed
all cew facilicias and equipment for gszsoline-~fueled engine manu-
facturers. an ouclige of chese facilicies and cheir tocal cosc
is shown ia Table V-T.12/

For diesel manufacturers, EPA has assumed all aew facilicies

and equipment wich cwo excepctions. " Firsc, EPA believes che large
volume diesal manufaccurers will use the addy=currenc dynamomacers.
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Table V=R

Software and Couputer Hook-Up Coscs

Gasoline=Fueled
Software and
Manufacsurer Hook=Uo Costs
HC S125K
Ford $150K
Chrysler 1/ -
& L/ -

1/ &M and Chrysler cost esCimaces are included in tocals ciced
previously.
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Table V-§

Softwara and Compucer Hook=Jp Costs

Diesal

Software and
Manufacturer Hook=Up Costs
&1 L/ S -
Cumming l75K
Cacerpillar 150K
Mack 125K
IHC 1258
Deucz LOCR
Isuzu 100R
White Eangines 100K
Fiac 100K
Mercedes 125K
Micsubishi 10CK
Scania=-Vabis 100K
Volvo 125K
Hiao 100K

L/ GM costs are included in escimates citad previously.
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Tabla V-T

SEA Testing Facilicies and Coscs
Gasoline=Fueled Sngipes

) Number Cast per
Number of Cost per of Emission Imigsion
Mfr. Break-in Sices Break-in Sice lj Tescing Sices Testing Sice 2/ TOTAL
e & $§330K 2 $1.013M 34.15M
Ford 4 530K 2 1.01l5M 4,134
Chrysier 3/ ¢ - 2 - 1.60M
THC 4 530K 2 1.015M 4. 15M
§14.05M
L/ Includes new cfacility, supvorting functions and aquipment,

Eady current dynamometer, dynamomecter control, cransportarg, and
recelvers.

2/ Iacludes new facility, supporting funcrions and aquipmenct,
electric dynamometsr, computer consrol, CVS, analycical system, and
computer incerface.

3/ Chrysler eacimaced their costs lower because chay would be
able to use exiscing facilities and aquipgenc.
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displaced from cheir certificacion facilicies as cheir "break-ia'
dynsmomaters. Secondly, EPA does not beliave thac small volume

manufaccturers will purchase facilities dedicated to SEA, buc
inscead, would usge their carcificacion facilicies for SEA cescing.
Ia che final cosc analysis, EPA shall assume one-nalf of the
certification facilicy costs are accribucable to SEA. Table V-U
contains an outline of che facilities and cost per manufaccurer.

The facilicies for SEA will, in most cases, be builc aear che
angine assembly point to decrease tescing costs and allow che
common usage of some support facilicies. The costs allowed for
facilicies in chis amalysis are ample to allow che constructicn of
a ctest cell which has all che essencial squipment aand supporciag
funccions necessary for an efficieat and satfe cescing program.

b. SEA Tasting Costs

The actual cestiang costs incurred by a maanufacturer are
dependenc on some tesciag decisions made by the manufacturer and oa
the number of SEAS a manufacturer undergoes. Tor example, the
manufgcturer decides, ia advance, how many times (l-3) he will casc
each engine and cthe length of the break-in period prior co tascing
(0 co 125 hours). The aumber of SEAs to waich a wmaaufacturaer is
suscepcible is primarily dependent on che annual sales volume. For
each 30,000 engiaes sold, the wmanufacturer is gusceptible to aone
SEA. The minimum number of SEAs to which a manufacturer is suscep=-
cible is oune, regardless of sales volume. The possible aumber ‘of
SEAs per gasoline—fualed angine: manufacturer is shown in Table V-V,
and che possible aumber for diesel engine manufaccurers is shown in
Table V~W.

The actual cost per audic is based oa the formula:
Cost/audic. = (Cost/Tasc)(Tescs/Eagine) (Engines/Audic)

This cost analysis will be Dbased on che folluowing sec of
assumptions:

(1) all audics are passed (12 engines castad);

(2) each engine is cestced only once;

(3) =2ach gasoline~fualed engine SEA cesc costs $1,750 and
each diesel test costs 51,750 (chese costs cover engine
selaczion and ctransport, a 24 hour bresax-in period,
emissions cescing, and miscallaneous);

(4) each tesc in the gudit is completad in 24 hours or lesgs
(excluding che break-in period, which is assumed to occur
on the "breax=in" dynamometer);

(5) rcwo full SEA tcests are complaced each 24 hour day (chus,
two SEA cest cells are used for tasting amd four other
dynamometers are uged for Sreax—-in).
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Table V-U

SZA Tescing Facilicies and Coscs
Diesel Engines

Numbpar Cosc per
Number of Cost per of Emission Emissicn
Mfr. 3reak-in Sices Break-in Site 1/ Tascing Sices Tescing Sice 2/ TOTAL
Cummins 4 $480K 2 $1.043M $4.01M
GH 4 480K 2 1.043M 4.0lM
Cacer~ 4 480K 2 1.0654 4,01
pillar
Macxk 4 480K 2 1.045M 4,01
Idc 2 480K l 1.063M 2.0l
Others(9)3/ 2 each - | e2ach 5.78M

1/ Includes aew facilicy, supporting fuanccions and equipment,
dynamometer installacion, dyunamometer control, transporters and
receivers.

2/ Includes aew facilicy, supporting funccions and aquipmenc,
dynamcmeter, CVS, computer coutrol, analytical syscem; and compucer
ingcerface.

3/ Includes Isuzu, Micsubishi, Hino, Mercedes, Whice Eagines,
Fiac, Scanis Vabis, Veolvo, and Deucsz.

4/ One half of certification facilicy coscs as shown in preceding
tables.
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Table V-V

‘Number of "Possible SEAs" 1984-1988 L/ 2/

Gasoline~Ffueled-
Tocal per

Manufacturer 1984 19835 1986 1987 1988 Manufactuyrer
G 6 6 8 5 3 28

FTord 4 4 4 4 4 20
Carysler 2 2 2 2 2 19

LHC 2 2 2 2 2 10

.Tocal per year 14 14 14 13 13 58

L/ Based om projected sales (see Table V~Z) and allowing one

3udic for each 30,000 sold. Roundiag of possible audics" L3
yp to che oext wiiole aumber. Assumes a0 change in markec shares of
each manufacturer.

2/ The cterm "possible SEAs' ‘iacludaes oanly audits wnich are
prompted by sales volume, and does aot Laclude those for failure of
an SEA or ocher reason.
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Table V-w

Numper of "Possibie SEAs" 1984-~1988 1/ 2/

Diesel
Tocal per

Manufacturer 1984 1985 1986 1987 1988 Manufacturer
Cummins 3 3 4 4 4 18
GM 3 3 3 3 3 k5
Catarpillar 2 2 2 2 3 Il
Mack 2 2 2 2 2 10
LHC L L L L L 5
Ochers 3/ N T SR N S I
Tocal per year 20 20 21 21 22 {04
1/ 3ased on projecced sales (see Table V-Z) and allowing one

audit for each 30,000 sold. Rouadiag of “possible audics” is
up €O the next vnole aumber. Assumes no change in market sharss of
each manufacturer. ;

2/ The cerm '"possible SZAs" includes only audits wiich are
prompcad by sales volume, and does noc include chose for failure of
an SEA or ocher reasoa.

3/ Iacludes one each for Isuzu, Mitcsubishi, Hdiao, Mercedas,
Whice Zagines, Fiac, Scania Vabis, Volve and Deucz.
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Cosc/audic = ($1,750/engine cesc)(l2 angines ctesced/audig) =
$21,000.

Using che cost per audic figure above and the ctocal aumber of
possible SEAs per manufacturer showm in Tables 7-Y and V-W, che SEA
“tescting costs for gasoline-fueled and diesel heavy-ducy engine
aanufacturers are shown in Tables V-X and V=Y.

c. 102 Acceocableggpali:jALevel (aQL) Coscs

The goal of passing formal SEA at a 10X AQL and, Lla assence,
producing all engines co pass the emission scandards ac production,
can ' be achieved chrough at least chree means: rasearch and devel-
opment aimed ac reaching lower cargac emission levels, psroduction
Line qualicy control procedures to reduce variabilicy, and posc-
production emissions cescing aimed at pruvidiag the manufacturer
with confidence in its afforts at passing SEA and che 10% aQL. The
lower carget emission levels associacad with a 10% AQL were con-
jidered when Che emigsion coatrol system coscs, shown (o Seccions
A=l and A-2, were computad. These coscs are higner Chan chose
wiich would be necassary for a 4027 aQL. Therefore, nac further
costs for research and development and hardware will be discussed
here.

EPA expects that as a respoase o the implemenzacica of SZA
and, ia addicion, a 10Z% aQL, the manufacturers will inscicuce a
production quality concrol program co reduce eangine-co-engine
variabilicy. Specifically, this program will be aimed ar easuring
thac emission-relaced parts are amanufactured and inscalled cor-
tectly and thac emission-related calibracions are the same as those
of che emission data engines. EPA has ascimated a cost of §$10 per
engine for chis program. This assumes one-chird of a man hour.

Tinally, in response co SZA and che (0Z aQL, S£PA expects that
all manufacturers will iascitute a manufacturer operacad production
line audic program to measure che effectiveness of cheir compiiance
efforts and provide themselves assurance of their ability co pass a
formal EPA audic.

EPA believes that in the first year of SEA, 1984, che wmanu-
facturers may, on che average, 3judit as much as 0.8 percent of
their production. However, as cthey gain greacer coafidencs in
their SEA compliance efforts and build engines co achieve che same
emission standards for several years, this percentage will decline.
EPA has assumed chat by 1986 the audit fractiom will have dropped
from 0.5 percenc to 0.4 percenc and «will remain ac 0.4 percenc
through 1988.

The costs of chis productica line cescing grogram pocencially
lie in cwo main areas: - facilicies and .cesting.
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Table V=X

Costs per Year for SEA Testing 1984-1983 1/ 2/

Gasoline=Fueled
Total per
Manufacturer 1984 1985 1986 1987 1988 Manufacturer
GM §126K $126K S126K -SIOSK $105K 5588K
Ford 84K 84K © 84K 84K 84K 420K
Carysler 32X 42Kk 42K A4 428 210K
jo: {9 42X 42K 42X 42K 42K 210K
TOTAL PSR YEAR $294K $294K $294K 3273K S273K $1428K

l/ Assumes that all "possible SEAs" are performed.

2/ (12 engines/audic) x (S1,750/engine) x (possible audits from
Table V=V).



Table V-Y

Costs per Year for SEA Tescing 1984-1988 1/ 2/

Diesel

v Toctal per
Manufacturer 1984 1985 1986 1987 1988 Manufacturer
Cummins $ 63K $ 63K 5 84K § 84K § 84K $ 378K
M 63K 83K 63K | 53K 63K 315K
Cacerpillar 42 WX 42X 42X " 63K 231X
Mack 42K 4ZK 42K 42K 428 210K
IHC - 2K 21K 2IR 21K 21X 105K
Others 3/ 189K 189K 189K 189K 1898 943K
TOTAL PER TEAR  $420K $420K §44lX §441K §462K S2184K

1/ Assumes chac all "possible SEAs" are performed.

2/ (12 engines/audic) x ($1750/engine) x ("possible audics” from
Table V-W). - :

1/ Aggragate of the costs if Isuzu, Micsubishi, Hino, Mercedes,
Whice Zngines, Fiac, Scamia-Vabis, Volvo and Deucz are each audited
once.



The facilicies which the manufaccurers will purchase for
formal SEA will provide each large volume manufacturer che capabil-
ities to test |,000 eagines per year, which at a 0.6 percenc audit
race would sugport a producticn valume of 166,000 =ggines. Tor
small volume wmanufacturers, che SEA facilicies would support a
produccion of 83,000 paer year.

The sales projaccions shown in Chapcer I[II and repeated in
Table V-2 are EPA's projeccions for the heavy—-duty class as a
wnole and are independent of the manufacturers iavolved. To
decermine the naeed for addicional SEA ctescing facilicies and che
per manufacturer cost of pgroduction line audics, EPA sphall assume
chac the manufacturers' market shares remain'unchanged from curranc
percentages. Thesa percencages are shown as part of Tables V-aaA
and V-8B.

Based on these marxef percentages and ZPA's sales projections,
1one of the diasel or gasoline~fueled amanufacturers will cequire
addicional facilicies for their owm producCion line audit program.

The cost of a production self audit may vary quice substan~
tially from that fer 2 formal SEA audic cesc. Manufacturers would
ainimize the lengch of che '"break-in" period to protect the engine
resale value. In addiriom, chere would be no subscancial cosc
associated with engine and ccmpooent selaction and ctransport 3ince
the angines will be removed from che production line at random, and
pipes, cacalysts, ectc., will be used many times. [t is reasonable
chac manufacturers would design their "breax-in" programs such chac
one engige per l6 hour day is "broxen—-in'" and gasocline-fuelad
engine seleccion and cransport costs would be cuc to abour che same
as for diesels. This would te possible in self audicing bdecause
plpes and cactalysts can be used over again, and cescing facilicies
are locaced near eicher the vehicle or angine agssembly poinc.
So, the cost per test would be $1,072 for gasoline-fueled engines
and 51,274 for diesel engines.l2/ These costs include labor and
fuel for "breax—in" and emissions tesring plus overhead and super-
visory coscs. Using the ctocal sales figures shown ia Table V-2,
and che self-audit fractions and audit Cest costs deseribed above,
the salf-auditing coscs per manufacturer are shown in Tables V-aaA
and V-3B.

5. Total Cost to Manufacturers

The four partcs of che costs to manufacturers (emission control
syscem coscs, certification cosed, cest Facility modificacion
costs, and SEA associated costs) are summarized ia Tables V=CC and
V=0D. Costs are in 1979 dollars.

B. Costs to Usars of Heavy—-Dutv Vehicles

l. Qverhead and Profic




Table V-2

Heavy-Duty Eagine Sales 1/

1984-1988
Year Gasoline=Fueled Diesel
1984 366,991 266,161
1985 360,888 284,255
1986 354,287 302,854
1987 347,171 321,966
1988 339,567 341,383
Tocal 1,768,884 1,516,819

1/ Domestic sales plus imports.



Table V-id

Self Audit Tescing Costs
Gasolina=Fueled 1/2/

Market Tocal
Mfr. Share 2 3/ 1984 1985 1986 1987 1988 DPer Mfr.
IHC 12 $2838  $232K  $182K  s179k SI7SK $10SIK
Ford 29 685K 561K 441K 4328 422% 2541K
Chrysler 16 378K 309K 263K 238K 233K 1401R
(0,1 43 10135K 832X 653K /40K 626K 3766R
Total per year $2361K S1934K S1519K S51489K $l4356K  $8759K

l/ Assumes a per tast cost of $1072.

z/ Assumes audit percencages of: [984, 0.8 percenc; 1985, 0.3
percent; 1986 zo 1988, 0.4 percenct.
3/ Markec share i3 an TPA astimate based on past sales daca.
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Self Audic Tasting Costs

Table V=3B

Diesel 1/2/

Markec Tocal
Mfr. Share 1 3/ 1984 1985 1986 1987 1988 Par Mfr.
Cummins 30 $610K  $543K  $463K 54928 $522%  $2630K
e | 25 509K 453K 386K 410K 435K 2193K
Caterpillar 18 366K 326K 278K 295K 313K 1578k
Mack 14 285K 254K 26K 230K 2648 1229K
[BC 7 142K 127k - 108K 115K 1228 hl4k
Deucz 0.8 16K L4R 12 13K 14K 69K
Lsuzu 0.7 14K 13K 198:4 l1IK 128 61K
Whice Zagines 0.8 16K 14R 12 13K l4g 59K
Fiac 0.8 16K 14K 12X 13K 14 69K
Mercedes 1.8 37K 33K 28K 30K JIK 159K
Micsubishi Q0.2 4K 4K 3K X 3K 17X
Scania Vabis 0.2 4K 4K )4 X 3R 17K
Volvo 0.5 1§0).4 9K 8K 8K 9K 44
Hino 0.2 4K 4K K 3K 3K 17X
Total per year S8766K

L/ ~Assumes a per test cost of $1274.
2/ Assumes audit percentages of:

$2033K $1812K S$1543K S1639K S1739K

percent; 1986 zo 1988, 0.40 percent.
3/ Market share i3 an EPA estimace based on past sales dacta.

1984, 0.6 percenc; 1985, 0.5
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Table V-CC

Toral Cost ro Manufacturers: Gasoline-Fueled Engines 1/

Emisaion Tesy Facility
Avirage R & D Control Syutem Initial Modification Cosiu
Hunufacturer  Cost per Enginc Cost per Engine Cecrification Cost For Certificatian
[11TH §10 $253 § 644K $1670K
Ford 10 253 1288K 1988K
Chreysler 10 253 483K 3334K
CM 10 253 644K 1673K
Test Quality
Facilities Formal SBEA ScbE Audit Control Program Toral per
Manufacturer for SEA Testing (1984-1988) Testing (1984-1988) Cost per Eungiae Manufacturer 2/
e $4150K $2 10K $1051K $10 $ 7725K
Ford 4150K 420K 2541K 10 10387K
Chrysler 1600K 210K 1401K 10 7028K
GH 4150K 588K 766K 10 10821K
1/ All Costs are undiscounted,
2/ Duds not include B 6 B, ewisdion control systcew, and quality control program cosl per eagine.
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Table V-DD

Total Costs to Manufuctlurure:
Dicsel Engincs

Emission Initial Tesy Facilicty

Average R & D Control System Certification Modification Costs
Manufacturer Cost per Engine Cost per Engine Cost foc Certificacion
GCH §23 $33 ' $1314K $ 60I5K
Cumumins 23 33 1938K 10235K
Caterpillar 23 33 314K 6284K
Mack 23 13 584K 1802K
e 23 i3 730K 3509k
Deutz ‘ 23 13 40K 103K
lsuzu - 23 31 40K 703K
White Engines 23 13 20K 483K
Fiat 23 33 40K 703k
Mercedes 23 33 438K : 1369k
Mituubishi 21 33 20K 483K
Scauwia Vabis 23 33 20K 483K
Volvao 23 33 60K 1369k

Rino 23 33 2GK 483K
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Test Facilities

Table V-DD

Total Costs to Hanufacturers:
Diesel Engines {cont'd.)

Forwmal
SEA Testing

Self-Auditing
Testing

Quality

Control Program

Total per

Manufacturer For SEA 2/ (1984-1988) (1984-1988) Cost per Engine Manufacturer 3/
CM §40M0K §315K §2193K $10 $13847K
Cunwains 4010K 378K 2630K 10 19191K
Caterpillar 4010K 231K 1578K 10 13417K
Mack 4010K 210K 1229K 10 7835K
e 2005K 105K 614K 10 6963K
Deut z 703K 105K 69K 10 1620K
[suzu 703K 105K 61K 10 1612K
White Engines 483K 105K 69K 10 1160K
Fiat 703K 105K 69K 10 1620K
Mercedes 1368K 105K 159K 10 3439k
Hitsubishi 483K 105K 17K 10 1108K
Scania Vabis 483K 105K 17K 10 1108K
Volvo 1368K 105K L4K 10 294 6K
Hino 483K 105K 10 1108K

1/ A1l costs ave undiscounted.
swall voluwe wanufacturers would use certification
SEA, thus, facility costs are shaved equally by

2/ Assuwes

facilivies for

certification and SEA.

3/ Does not include R & D, emissian control system, and quality

control cost per engine.

1K



In addizion to tha direct costs of manufacturing discussed ia
the pravious sections and summarizaed in Tables V-CC aad V=-DD, the
manufaccturers iavolved have increased gemeral overhead coscs which
must be recovered and an average profit which should be returned on
the corporate resources ianvesced. To a lesser degrae this is also
crue for che vehicle dealer.

To datermine what thesa corporace overhead and profic Eigures
should be, EPA curned to cthe 1979 edicion of Moody's Induscrial
Maanual. Ia addiction to general fipnancial iaformacion on each
corperation lisced, chis publicacion gives daca on corporace cOSCS
as a funetioa of net sales. Iacluded ia, chese corporace cost
figures are seaveral cacegories which EPA has found useful ia
astimaring the overhead and profit figures discussed above. These
include: cosc of sales, general expenses, administration expenses,
selling expenses, amiscellansous expenses, ‘incerest, ocher income,
and income befora2 caxes. Usiag the other iacome and sxpease
related categories, GEIPA was able rto closely ascimace corporace
ovehead as a percentage of cost of sales. Using the Lacome before
taxeg figure, EPA compuced the profic as a parcentage of cosct of
sales.

(a) Gasoline~Fueled Engines

For gasoline-fueled heavy-duty engines, ZPA scudiad the
financial figures for General Motors, Ford, Chrysler, aand Iacer—
natioaal ‘Harvescer for 1976, 1977, and 1978. The corporace over—
nead percentages on a per manufacturer basis aver the ] year period
ranged from 6.7 percent to 19.) percent, wich an average of 12.2
percent. The corporate profit figures range from 0 percent co 14.35
percent , wich am average of 7.9 percenc.

Tha range oa these figures is too large to escablish a aean—
ingful zverage, so EPA instead has chosan to maxe a3 couservative
assumption. The clear leadear ia heavy=duty gasoline=fualed angine
sales is General Motors, with more cham 40 percent of the markac.
In additiom, General Motors is also the sales amd profic leadar

‘mocor vehicls induscry wide. To be couservacive chen, ZPA has
applied Genaral Moctors 1376=1978 average overhead aad aarkup
percancages to sales for all manufaccurers. EPA considers the use
of &M figures to be coaservacive because GM profits are the largest
percentage of the four and GM overhead is second largest of the
four manufacturers considered. UJsing chese assumptions, overhead
as a percencage of cost of sales is ll.4 percenc and profic bafora
taxes as a percentage of costc of sales is 13.8 parcenc.

The close out of che porziom of chis discussion relatad co
gasoline-fueled neavy-ducy engines dealer overhead and profic
should be addressed. Selling a vehicle wich a larger AIR pump,
cacalycic converter, or any other wmodification caused by chase

‘ pagulacioms would not iacrease dealar overhaead. No addicivmal



personnal or vehicle servicing would be aecessary. Dealer profic
afrer all taxes has been escimaced ac |.5 percent of the dealer
purchase grica.l3/ To accounc for che effact of taxes, this profic
margin will be doubled to ascimate che effact of dealer's profic om
the firsc price increase.

Thersfore, the total markup on the manufacfuring cast beccmes
1.29. This marxup is applied on a per vehicle basis to all coscs
incurted including hardware, research and developmenc, certifica-
tion, SEA, ecc.

The recail price equivalenc (RPE) can aow be compuced as:

RPE = (all Vendor/Manufacturing Cost per Vehicle)(1.252)(1.03)

(b) Diesel Eagines

For diegsel engiges, EPA scudied the aforeweacioned !376, 1977,
and 1978 financial daca for five manufacturers: General Mocors,
Cummins, Caterpillar, Mack, and ILocernacional Harvescer. The
corporace ovarhead 33 a percsacage of cost of sales oa a per
manufactursr basis over the J year period ranged from 8.3 percant
te 33.6 percenc wich an average of |6.7 percenc. The before Zax
corporate profit as a percencage of cost of sales ranged from 3.3
percenc co L7.2 percent, wich am average of about 1l.9 percenc.
Alchough chers is omce agalia a very large range on these ogercan~
tages, more cegson is available ¢o allow an analysis. The five
major manufacturers mencioned above build a wide variecy of engines
and @mocor venicles as well as engine and motor venicle related
products. This diversification will obviously lmpactc che corporace
financial figures. I[a addicion, cthis gives EPA some reasons for
the wide range in corporace overhead and profit perceacages. OF
che five manufacturers mencioned, two make ouly angines (Cummins
and Caterpillar), and chree make vehicles and engines (GY, [HC, and
Mack). In cerms of sales, chis is roughly a 50/5Q splic. There-
fore, uaiag the industry wide average corporaca overhead and marxup
percencages ciced previously (16.7 percent and l1.9 percanc respec—
tively) would certainly be a represencacive, if a0t a conserva=-
tively high, estimate for che heavy-dugy dissel iaduscry as a
whole.

Turning finally to dealer overhead and profic, ZPA once again
sees no incremental increase in dealer or franchise overhead as
a result of these regulacions. Yo addicional persomnel or 2ngine
servicing will be necessary. Most heavy-duty diesel engines sold
ia the United States are aot sold cthrough couvenctional dealers as
are automobiles and lighc-ducy trucks, but inscead, are sold
chrough eicher dealer franchises wnich specialize in only trTucks or
thrcugh wmaaufacturars' vcepresentatives. The individyal resrail
price of a diesel crucx or bus may excsed $50,000, and azulcipla
waic sales to city cransit syscems, inger-cicy bus companies, or
large crucking companies are quite common. Admitctedly, dealers



would cry co get & small profic om cheir increased invescmenc in
the angine, but chis could easily be very swmall or nochiag after
the final prica anegociacions on cthe sale of the vehicle(s). The
amount of amy profic will be very small, so EPA shall assume iC is
small enough to Eall within ocher possible errors in escimating
manufacruring costs or corporate overhead and profic.

Therefore, EPA shall use a2 profit and overhead marxup figure
of 1.29 co decermine the recall prica equivalent. Once again chis
marxup will be applied to all the per eagine costs associaced wich
chis rulemaxing actiea.

Thase overhead and profit wmarxups which, coiacidencally, are
boch 29 pegcent, will be apolied co che tocal manufacturing costs
to dectaermine the first price increase.

2. Increasas ia Firac Coses

The added costs tco engise gmanufaccurers for emission coancrol
system re2search, development, hardware, cerctificacion and duradbil-
icy casciag, cesc facilicy wmodificacions; and SEA rslacad coscs
will be passed ca to the purchasers and users of aeavy-dutly
vehicles. 4Assuming the average R&D and hardware cost ger angine,
the amount a ganufacturer must imersase che price of its angines in
order to recover its axpenses depends oan cthe ciming of costs and
revenues from sales and oa the cost of capital to che manufac—
turers. Tablas V-fE and V=FF show the Iiming of costs whickh has
been used to estimace che average first price increase.

EPA has assumed chat over the lomg run, asanufacturers face a
10 percent costc of capital and chac chey price cheir angines
0 as to recover their iavesctment ia five model years, 1984-1988.

Table V-GG presencs the expaczed average firsc cost increasas
for che 1984-1988 period for both types together with a restaitemenc
.of the critical assumptions used.

The cemainder of che costs discussed ia chis Cests to Users
gseccion are discounced at lQ percent to January | of che model year
in which the eangine is produced unless stated ocherwise.

3. -Maintenance Cosacs

The usa of 1984 control cechnology is aot axpected to increase
maincenanca casts, huz conversely i3 axpectad to actually decresase
maincanance <odts ila 3¢ least two areas: exhausc syscams and sparx
plugs. The use of unleaded gasolinea combinmed with macerial im=
provements in tha sxhaust syscem will reduce maintenance coscs
associatad with exiaust system replacement.  EFA estimaces thae at
the migimum one enctire exhausc system replacsmenc will de saved
over che vehicle lifetima. Sparx plug life will bYe laagthened-
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Table V-EE

Fixed Cost Lo Manufacturers by Period:
Gasoline-Fueled

Mfr. 1980 1/ 198) 2/ 1982 3/ 1983 4/ 1984 5/ 1985 5/ 1986 5/ 1987 5/ 1988 5/ Total 6/
e § 55 $1113K §2536K §2231K § 325K $ 274K $ 224k § 221K § 217k § 7725k
Ford 663K 1325K 3051K 2387k 169K 645K 525K 516K 506K 10,387K
Chrysler LHLIK 222K 1166K 91 7K 420K 351K 285K 280K 275K 7028K
HY 558K 115K 2563k 2231K 141K 958K 179k 145K 731K 10,821K

Total $28489K $5276K ° §9343K $7766K $2655K §2228K $1813K $1762K $1729K $35,961K

{ One-third of cercvificaction facility modifications.

/ Two-thirds of cercvification facility modifications.

/ Preliminary deserioration factor assessmeni costs plus one-half of S8EA facility costs.

/ Emission data engine costs plus one-half of BEA facility costs.

/ Forwal SEA plua self-auditing costs.

/ Docs not daclude R & D, cwission control hardware, or quality control program costs per enginc.



Table V-FF

Fixed Cost to Manufaciurers by Period:
Dicscl Engince

Mfr. - 1980 3/ 1981 1/ A982 2/ 1983 3/ 1984 4/ 1985 4/ 1986 4/ 1987 4/ 1988 4/ Total 5/
Mo $3007K  $I008K ~  §$2959K  $2365K  § ST2K  § SI6K  § 449K § 473K § 498K  $13842K
Cusmuaing S117K 5118K 383K 2765 673K 606K 547K 576K 606K 19191K
Caterpillar  3142K 142K 2959K 2365K 408K 368K 320K 337K 376K 13417k
Hack 201K 901K 2429K 2165K 322K 296K 258K 272K 286K 7835k
e 1754K 1755k 1533K 1202k 163K 148K 129K 136K 143K 696 3K
Deutz - 703K 203K 40K 37K 35K 33K 34K 35K 1620K
leuzu - 703K 203K AUK 35K 34K 32K 32K 33K 161 2K
White Engines - 481K 483K 20K 37K 35K 3K 34K 35K 1160K
Mercedea - 1369K 1686K 120K 58K 54K 49K SIK 52K 34 39K
Mitsubishi - 483K 483K 20K 25K 25K 24K 24K 24K 108K
Scania Vabis - 483K 483K 20K 25K 25K 24K 24K 24K 1108K
Volvo - 1369K 1368k 60K 1K 30K 29K 29K 30K 2946K
itino - 483K 483K 20K 25K 25K 24K 24K 24K 1108K
Fiat - 703K 703K 40K 37K 35K 3K 34K 35K 16 20K
Total $13921K  $20703K  $20158K  §11242K  §2453K  $2232K  §I19B4K  $2080K  $2200K  $76,974K

1/ One-half of certification facility modification costs. _

2 Onc-half of SEA facility coste plus preliminary deterioration facror asscssment costa.
3/  One-half of SEA facility costs plus ewmission data cngine costs. -

4/  Forwal SEA audits plus self-audit reuting costs.

5/ Docs not include B & D, cmission control hardware, and quality control program costs.



Tabla V-GG

Average Increases in Firsc Cosc
of 1984-1988 Model Year Engines

Zagine Type Increase in Firsc Cosc 1/2/
Gasaline-fueled $ 394
Diesel $ 195

1/ Assumes: equal first cost increases for all engines of

a cype produced during 1984~1988 model years; amortizacion of all
costs Erom Tables V-HE and V-II during [984-1988 ac !0 percenc

iacerest; 1984=1988 sales from Tabla V=CC.
2/ Cosc includes all overhead and profit ac all levels.
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substantially over the current incervals as a resulc of the use of
unleaded fuel.

To astimace these cost savings, exhaustc syscem and sparx plug
replacement costs, the currenc and fucure sparx plug replacement
intervals, and a mileage accumulacion rate for heavy~duty gasoline-
fueled engines aust be knowm.

EPA ascertained exhaust system and sparx plug replacemenc
costs using parts plus labor replacement cost 2stimacaes received
from several recail dealars. For a sac of 8 sparx plugs, escimaces
ranged from $9.50 to $20.00. ZPA used the mid~range in chese
estimates, approximately $14 per sec. Exhaust system replacemenc
costs ranged from S180 to $200 for parts and labor. Since ac least
one complaece axhaust system will noc have to be replaced, ZPa
conservatively aescimactes a cost savings of $180 over che venicle
lifecime.

The curreat heavy-duty spark plug replacement intsrval lies in
the 12,000 co 16,000 mile range. The aew maincanance iacerval is
25,000 miles. For exhaust systems, ZPA nas escimacted thac withouc
the use of unleaded gasoline, ounly one replacemenc, probably lace
in the fourth year, would be required, and the second replacement
could be eliminaced.

Finally, to computa the discounced values of these savings,
the average wmileage accumulation racte £or heavy-duty gasoline-
fueled vehicles musc be xnown. This was taxen from an ZPA cechni-
cal reportl4/ and is shown in Table V-HE cogether with cthe exhausc
system and sparx plug computations.

Using the data in Table V-HE and a standard l0 percent dis-
count rate, Che average sparx plug and exhaust syscem savings can
be computed to be $176 per vehicle. EPA believes chis figure to be
4 minimum chac can be expected over che 8 vear, 114,000 aile
average useful life.l4/

4. Fuel Economy and Fuel Costs

EPA does not expect an increase in overall fuel counsumpcion
for either gasoline-fueled or diesel haavy=ducy engines.

Some diasel engines which use EGR to coacrol 8C may iacur a
slight fuel economy penalty. However, diesel eangines which add
aftarcoolers, or redesign injectors or combustion chimbers will
have a fuel economy increase which, ia the aggregace, will more
than offsec any possible pemalty.

. For gasoline~fueled engines, che additiom of a larger AIR pump
will cause a 4-8 percent fuel economy penalty. However, che
addicion of a cacalyst will allow engine ctuaing for £fuel econoamy-:
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Average Annual

Year 1/ Mileage 2/

9,500
19,000
18,450
17,200
15,750
14,250
12,750

7,100

|- SN N

1/  Yeusr of vehicle usage.

Table V-Hil

Exhaust Systew and Spark Plug Savings

Cumulative

Hileage 2/

9,500
28,500
46,950
64,150
79,900
94,15

106,900
114,000

Huwber of Spark Plug
Replacewments Based on Intervals

Exligust System Heplacewment
Hicth and Without
Unleaded Gasoline

12,000 wilea - 25 000 wiles Hithout ~ _HWith
4] 0 - -
2 1 - -
A G i -
2 i -
1 1 - -
b G i -
i 1 - -
4 L = .
9 4 2 1

i/ Average Lifetime Periods for Light-bDury Trucks und Meavy-Dury Vechiles, DS EPA, ECTD, SDSB
79-20 Clean Y. Passavant, November 1979.



which could -yield. a 12 percesnt to l7 percenc fual economy improvae-
ment. Thus, considering the AIR pump losses to be 8 percenc, the
worst case assumption, the fuel ecomomy improvemenc expectad ranges
from 4 percent - 9 percent.l3/

Usiag a 1979 fuel economy of 5.4 miles per galloulé/ amd a
recail usleaded fual cosc of $1.10 per gallon this could yield
savings per vehicla over 3 useful life of 8 years and 114,000 miles
in che amouncs showm in Table V-II. Table V-II gives discounced
fuel economy benefics and fuel economy increases.

Catalyst equipped gasoline~fueled engines w«ill require un-
leaded gasoline which can be expected rto cost wmore chan leaded
gasoline. The curreant average aatiouwide differeatial between
leaded and unleaded gasoiine is roughly &4 cencs per gallon, 3 cents
of which is che current refinery gace cost differencial.l7/

fa che long run, as ilacreased quantities of unleaded fuel are
produced, chis differencial is predicted co shrink Co about 2.5
cents per gailom ac cthe refinary gace and 3 cents per gallon
recail.l8/ This 3 cencs would include abouc 0.5 cents per gallon
to cover the need for modified or Lacreased ualeaded gasoline
pumping facilities.

Using an average fuel aconomy in the [984-1988 time frame of
‘9.9 miles per galloald/ a lifecime of 114,000 miles and a differen-
cial of 3 cents per gallon lifecime fuel coscts will increase by
$259 (discounced). Including this cost ignores the real likelihood
thae by 1984 lead tolerant cacalysts will have been developed to
the point thac they will be commercially available on wmotor veni-
cles.

3. Total Casts to Usars

To summarize, ysers of heavy-duty vehicles equipped with
diesel eungines canm, a3 a result of che scagtucory emission standards
and accompanying procedure changes, axpect Co pay about $195 zmore
for 1984 model year vehicles than for comparable models bought in
1983, ia 1979 dollars. No increase La operaciag costs for these
vehicles will occur. Assuming a 475,000 mile cocal Life, cthe firse
cOosSC ipncreage translaces to an increase in cperatiang costs of 0.04l]
cencs per mile (undiscounced}.

For vehicles powered by gasoline engines, che firsc cosc will
increase by $39%. Added unleaded fuel costs, less saviangs on spark
plug and exhausc syscem rzeplacemese, will cocal $83 (discounted)
over the uysaeful life. The sum of first coscs plus operacing coscs
Ls equivalant €o about 0.42 ceges par mile {(uadiscounced). This
does not include a fuel aconomy benefic which would actually lead
to decreasad operacing coscs.
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Table V=~-1I

Fual Economy Benefits

Discounced Savings

Fuel at 51.10 per gallon
Zconcmy Increase Gallons Savad ar_5% discount race 1/
1 Percent 209 s 197
3 Percent 827 $ 591
4 Parcent _ 836 5 788
S Parcenc 1065 s 985
7 Percent 1463 $1379
9 Percenc 1381 §1773
L1/ Use of a2 J percent discount rate 1s a more realistic reflec-

tion of the zctual benefizs Yecause it accouncs for fuel prices
which are aexpectad to rise at a greacer race chan ocher prices.
This discount rats was suggestad by the Coyncil om Wage and Prica
Scability in cheir Commencs aa the ?ragosed Light~Durty Diesal
Parziculaze Regulations. See Summary aud Jdnalysis of Comments,
Section 7 For the. Light-Ducy Diesel Parciculace Ragulatioms far
furcther discussion.
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C. Aggregate Costs - 1984-1988

The aggregate cost to the nation of complying witch the 1984
Fedaral heavy=durcy engine emission ragulations and the new SEA
‘program consist of the sum of increased costs for new emission
control . technology and hardware; new and modified tast equipmenc
and facilities; addiciomal certificatiom costs; SEA facilities and
casting; and unleaded fuel, .for gasoline~fueled engines. These .
costs will be calculated for. a five year period (1984-1988) of
compliance, but will include operacing costs iacurred after 1988 by
engines producad in the five year period.

It musc be noced that. calculacing aggregace ¢costs based on a
fiva-vear period distorts the cosc impact of the regulatioans. At
the ‘end of that five year period, part of the inicial invescment in
new - angine designs, aew certification, and anew or remodeled ctest
facilicies will scill exist and De. productive.  As just one ex-
ample, the new dynamometars required by manufacturers have an
expected lLife of .about 20 years. The "salvage value" of che 1984
iavestment could reasonably be subtracted from the five-year
aggregate coscs. Iz w#ill cot be, since the exact value of the
still-iacacet investmenc ac the end of 1988 will depend on che
manufacturers' product plams at chat time, which are uncartaian now.

It must also be noced that. aggregace costs will be calculaced
without considering. the more stringent ¥Ox ‘and particulace: scan-
dards expected to- be promulgated for 1985. These standards will
likaly force redesign and recertification of at least some engines.
The cost of this has aot been considered here. When che 1985 NOx
and particulaca  scandards are. proposed, ctheir cost impacc will be
taken to be the cost increase they cause over the costs calculated
here.. '

The five year costs of compliance are dependent, af course, on
the aumber of heavy=duty vehicles sold during cthat period with
either gasoline or diesel engines, and also on the mix of sales
.batwaen gasoline engine or diesel engine-equipped vehicles. The
accuracy and validicy of projeczing ~vehicle sales as far into che
fucure as 1988 is problematical, so cost estimates based on such
projections ares also subject to some -qualificacion. The .engine
sales scenario which EPA used to:make chase: cost calculatiouns is
discussed in detail ia Chapeer III of this amalysis. They are also
shown ia Table V=Z and reflect roughly a 6.4 percent growch in
diesel sales, a 2 percsnt decrease in gasoline-fueled engine sales,
and a 1.85 perceat overall growth rate in heavy—duty engine sales
over the 5 year period 1984-1988.

~ The .various coscs associated with the regulaciocas will occur
in different periods. In order to make all costs comparable, che
presant value at che scart of 1984 of the aggregate costs hag been
calculated, based on a discount racta of 10 percenct.



Use of a discount race 2amphasizes that Ddecause of che cime
value of money, a cosc incurred today is worth more co the nation
than 3 cost incurred ia che futurs.

The calculation of the present value in 1984 of the aggregate
costs i3 shown in Table VY=JJ. The timing assumptiomns usad in
Tables V-£E and V-fF were used in computing Che aggregate coscs.
It is estimaced that che aggregate cost of complying wich the new
regulactions for the 5 years period is the squivalent of a lump-sum
invescment of about $988 milliom dollars (1979 dollars) made at the
scart of 1984, Expressed in other cerms, the aggregace cosg of
compliance is equivalent co iavestmencs of $195 per diasel engine
made at the scart of the year che angine is produced and $477 per
gasoline~fueled angine also made a¢ the scart of the yaar che
engine i3 produced. Overall the aggregates <osc iLs aquivaleac co
5288 per heavy-dury angine.

For ease of reference the componencs of the cost of compliance
and the differsat ways of expressing L& are shnown in Tables V-%X,
V-LL, and V-MM.

The effect of the fuel sconomy benefit on che aggregaca cost
of this pacxage is subsctancial.

The data from Table V-Il cogecher with cthe tocal heavy-ducy
gasolige-fueled 2ngine production ascimated for the 3 year period
(1,768,884) can be used to estimacs che affect of zhe fuel sconomy
benefic on the aggregate cosc. . This is showan ia Figure Vea.

Ic iLs very -obvious chat the minimum fuel econcmy Lmprovement
determined iz EPA's amalysis (4 percenc) would reduce che aggregate
cos¢ of these regulations to below zare. The fuel savings would be
so large that any increase in the purchase price of heavy-ducy
gasoline-fueled vehicles would be more than offset by decreased
operating costs.

D. Socio - EZconcmic [mpact

1. Impact on Heavv-Duty Engine and Vahicle Producercs

-The promulgacion of che [984 heavy=-duty engine emission
regulacions will cause che manufacturers of these engines to spend
abouc $7! milliom dollars for testc facilicies modificacions and
sangine certificaciom, an addiciomal average $83 wmillion a year
for production of emission comtrol systems and $90 million for che
SEA program over and above those required co meet curreant scan—
dards. These coscs will be initially paid by individuals or
companies that buy heavy-ducy venicles zad ultimacely by cthe
consumers of cthe products carried by cthosde vehicles. SEa and
self-audit cesring costs -are an exception, but most of the com~
pliance costs are incurred by 2ngine manufacturers defore chey



Table V=JJ

Presenc Value in 1984 of Aggregate Cast of Compliance
For 1984=1988 Model Years

Year Cost _ Present Value in 1984

Diesel (1 -,5 16,819 Eagines)

1980 313,921K s 20,382K
1981 32,054k 42,666K
1982 24,732K 29,9258
1983 29,371k ' 32,308K
1984 25,669K 25,669K
1985 26,933k 26,485K
1986 28,277% 23,369K
1987 30,068K 22,591K
1988 31,996K 21, 854K

$243,247%

‘Gasoline~Fueled (1,768,884)

1980 2,889K 4,230K
1981 14,605K 19,439%
1982 18,1728 21, 988K
1983 7,766& 18,543k
198 162,243K © 162,243K
1985 155,113 161,012%
1986 167,135 '138,128K
1987 116,756k 87,721K
1988 131,855K 30,059
1989 11,593K | 7,198k
1990 11,0728 . 6,250K
1991 -119K ' -61K
1992 42,639% 19,892K
1993 25,926K . 10,995K
. 1996 15,704K 6,055K
1995 : 2,551K 894K
$704 586K

1984 Pesent Value of Aggregace Costc:  §947,3833K

-131- -



Table V=XX

Undiscounted Coscs of Compliance Per Engine

for Eagines Produced [984-1988

Cost Affacting Selling 2rice Gasoline=Fueled Diesael
Certification Facilities $ 4.91 $22.88
Research and bevelopment 10.00 22.50
SEA Facilities 7.96 16.40
Cerzification Taesting 1.73 4.35
SEZA Testing .81 1.44
Self Audits 4.95 5.78
Manufacturing 253.00 33.38
Qualicy Concrol 10.00 10.00
Querhead and Profit 88.61 43.84
Oberating Cost

Unleaded Fuel $345.40

Exhaust Svstem and.Soark Plugs =237.00

Undiscounted Cost per Eagine $490.37 $160.57
Potential Fuel Savings -$920 0

(low estimata)
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Table V-LL

Discounted Costs of Compliance Per Engine.

for Eagines Produced 1984-1988 L/
Cost Affeccing Selling Price = Gasoline-~Fueled Diesel
Certification Facilitias $ 8.06 $38.43
R‘.esearch and Development 15.18 33.13
SEA Facilicies 10.98 22.59
-Cartificacion: Testing 2.45 _ 6.19
SEA Testing | ‘ .81 1.45
Self Audicts 5.06 ‘ 5.90
Manufacturing 253.00 33.38
Quality Concrol ' 10.00 10.00
Qverhead and Profit. - ' 88.61 43.84

Overating -Cost

Unleaded Fuel 1$258.72 -
Exhaust Svstem and Soark Plugs -176.13 ) -

Cost of Engine at Stcart of
Production Necessary to Pay- . $476.74 - $195.01
Cost of Compliance

Pocential Fuel Saviags . -5788 0
(low estimace)2/

1/ 10 Percent Discounc .to January l of the.model .year.
2/  See Table V-II. '
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Table V-MM

aggregate Cost of Compliance
for Zagines Produced 1984-1988
(102 Discount to Jamuarv 1, 1984)

Gasoline=Fueled Diesel
Cartification Facilitias 5 11,918K $ 47,937
Research and Development 22,435K " 41,330K
SEA Facilicies 16,228K 28,297
Cercification Tascing | 3,020K 7,715
'SEA Testing 1, 196K 1,813K
Self Audits 7,47?K 7,363K
Manufacturing 373,924k 41,635K
Qualicy Control 14,780K 12,473K
Overhead -and Profit 130,957 54,683K
Unleaded Fuel 382,373K : -
Exhaust Sysctem and Spark Plugs -260,319K -
Total §704,387K §243,246K

Grand Tocal: $947.833 Million Dollars
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realize any revenue from sales of engimes €for which this wmoney
is expendad. This regulacion, cherefore, will require manufacgur-
ars o generate addiciomal capictal between promulgacion of cthe
final rule and [984 either intermally or from che capital markets,
sufficienc co meec each year's coscs,

Tables V-CC and V-DD show che coscs af test facility wmodifica-
tions certificaction and SEA by company. (GM and IHC ara che only
companies a3ppearing in boch cables.) Tables V-EE apd V-FF show
their tocal coscs including concrol syscem produccion cogcs, by
year. Coscs are firsc imcurved im 1980 as facilicy modiiicacions
begin on a large scale. The firsc opportunity Co recover c<3st3 via
price ilncreagses will be in (984, assuming chac compecticive preg-
suyres keep manufaccturers from raising prices on sarlier engines
beyond what cthey would do wichout these ragulatioms.

Mos¢ engine manufaccurers should have litcle difficulry
financing the required iavestment, bDarriag a post 1980 recession.
Cummins, Chrysler and Whice Eagines can be expected to have che
most difficulty. For Cummins che [580-1983 invescmenc represeacs
about 40 percent of its 1978 corporace profits. Chrysler will have
severe trouble [inanciag any capical Lavescmenc wichouc govermment
loan guarancees. White Eagines will require several vears profits
£o- figance cheir invescment and may choose to seek another means of
cartificacion ta reduce their inirial c¢apitzl invescments. Tor
Mack, Catarpillar and IBEC che investmeac ranges from 3 percent to
l6. percenc. For GM and Ford the investmenr required is. less than
one percent of 1978 profics. The foreign wmanufaccurers spould
also have lictle problem financing the required investment which
will likely be below the warst case estimaCe presenced here.

Payments on recurring costs (emission countrel system produc—
tion, SEA related tasting) will ocsur closer to che Zime revenues
are received {via sales of concrolled eagines) than do the paymencs
raquired before [984 produccion begias. Adsuming manufacturers can
pass on cthe largesc fraccion of chelr coscs, chen chey should fe
able to finance most of production and installation of control
equipment from current revenues. '

‘Changing the prices and operacing costs of heavy~duty engines
nay, of course, impact cthe sales of angine manufacturers. Both
tacal sales and salas mix between diesel and gasoline-fuelad
engines may be affecced. EPA knows of no escimare of the cross-
alascicities of demand20/ for gasolime-fusled and diesel engines.
When considering the change in sales mix, che cosc of ownership, as
wall as che increased firsc cosg, may cause a demand shift. Based
on the average firstc c¢osc. increase ($394 gasoline—~fueled, $195
diesel) and che iacreased coscs of ownership ($83 zasoline-
fueled, $0 diesel) the demand shifc would appear to be toward
diesel angines. However, fuel econouwy lmprovement axpec:ad
for heavy-duty gasoline-fueled vehicles will offset the increasad
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operacing cost associaced wich unleaded fuel. Therefore, ia the
long run the demand ' shift would be caused only by che firsc price
increase. This could occur when the larger first price increase
for gasoline—~fueled engines, coupled with their imherancly larger
overacing and maintenance costs offsecs cthe greater ianitial pur-
chase price of a diasel engine for a given vehicle. However, the
existing price diffarence between comparabla diesel and gasoline=-
fueled engines (as much as a factor of three) will allow this
demand shift to occur for only a small fractiom of tocal heavy=ducy
sales. 1In addition to firsc.costs and operatiag costs, ocher
faccors are considared by purchasers of heavy=ducry =agines.
Gasoline~fueled 2ngines usually give becter overall performance and
are berrer suifed to multi-stop applicacions. Diesel engines have
lower maintenance and fuel coscs, a longer useful life, and give
obecter fuel economy especially ia over che rcad applicacions.

The pending heavy=ducy particulace and NOx regulations may
have an effect on the gasoline~fueled and dizsel sales mix. In the
long run, fual economy considerations will bde che .primary reason
for the sales amix change which 1s geaerally expected by boch
industry and ZPA. The impact of Chese regulations on' the salling
price and operating costs of each type of engine should aot cause
any furcher increase in.the changes in the heavy—ducy markec splic.

EPA's OQffice of Noise Abacemenc Conctol has - escimaced che
overall price elasticicy. of demand for new Czucks Co be in che
range of -0.9 to =-0.5.2l/ Assuming a mid-range elasticity of
-0.7, and a range of $15,000 to. $50,000 for che selling price of
heavy=duty. vehicles, the added cost of compliance with the 1984
‘regulations may -reduce sales by 0.3 percenc to 1.8 percenc.22/
Manufaccurers of heavy-duty engines and vehicles withstood a much
‘larger droo 'in sales arcund 1975 due to gemeral economic condi-
tions, but sales are now recovering well. The small decrease in
cocal induscry sales from the reguiacions will be more chan aover-
come by normal  sales- growth, and thus can be expected to have no
nocicaable affect on any .manufacturer's growth.

EPA does noC expect heavy=duty vehicle sales or the trucking
industry in general to suffer because of a shift ia the wmode of
freighc cransportacion used. Rail and air are anoc reasomablea
altarnatives for intracity freight movement. The vast majoricy of
"over-tha=road" freight movemenc i3 done by heavy=-ducy diesel
trucks. The purchase price and operacing coscs -of heavy-duty
diesels are not affected by a sufficient amount to warraant anyching
but a slighc increase in imtracicy freighc hauling coscs.

_ ~ Total bus sales and the bus transportatica industry as a whole
should suffer no loss in sales or ridership... The cost increases
due to these regulations will got offsec che fact thac buses are
the best opction for che transportacion of school childrea and
incracity transport. The. intercity bus ridership. should show %o
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decrease because the per passenger cost of these regulations is a
negligible amount when compared to ocher factors in the ctotal
ticket price.

Sales by some individual amanufacturers of heavy-ducy diesel
engines may decline wmore cthan predicted by overall demand price
elagticicy. This could result from small volume manufacturers
haviag to spread thair coscs for test facilicy modificatioas
and certification over ctheir smaller sales. These coscs depend
primarily cn che aumber of engine families certified, not om che
sales of engines within those families. Thus smaller volume,
primarily foreign manufacturers like Deutz, Volvo, Hino, Fliac,
Scania Vabis, and others will have larger price rises than larger
volume, domestic wmanufaccurers like Mack, Detroic Diesel (GM),
Cummins, and Caterpillar. Smaller volume diesel engine manufac-
turers may find the diesal engine markac less prafitabls a% a
resulc.

EPA cannot present manufacturer-specific astimacas of now
serioua chis reduccion in profizabilicy will be. Such escimaces
would require accurate projections of each manufactuers's sales
througnh 1988. GEPA does have available manufacturer's own sales for
recant model years and these are shown as fraccions of che rcotal
market in Table V-BB. EPA has used these market shares and the
cost figures from Table V-FfF to eastimace the increase in angine
price needed o rvecover each diesel manufaccturer's costs. These
"escimacas are showa in Table V-NN, in scrambled ovder and without
manufacturer identification. Generally, the higher increases are
for mamyfacturers with low U.S. sales. -It should be emphasized
chat this c¢ost analysis has -assumed the worst case (i.a., nigher’
costs) for small volume manufaccurers. Therefore, che c¢ost figures
in Table V-¥N will probably exceed che actual cost iacreases for
these manufacturers. The snread in the astimaces is considerable,
and in a few cases represents a sizable fraction of cocal engige
cost. It should be noted, however, that the manufacrurers with the
highest incregsas produce heavy=duty diesel engines for use in
motor vehicles sold in the U.S. as only ome small partc of cheir
large, and often multinational, operations. Some presently eajoy a
price advancage over the larger wmanufacturers, winich will offset
part of all of the differential in price increases. Based on
corporate size, product diversification, assecs, and tocal world-
wide sales, each of the wmamufacrurers with the larger price in-
creases could absord the cost of these regulations without any
threat co its corporate survival. Aany or all could withdraw from
the market without any cthreat fo its survival and wich lictle
impact om the remaining wmanufaccurers or oa competition in che
markec. If any or all of the small volume manufacturers were to
wichdraw from the heavy—duty diesel wmarket, eangine availabilicy
would be unaffesctad and no significant castc increase =would occur as
a resultc of less competicion. This is crue becuase the U.S. sales
markec is heavily dominaced by che large volume domestic pro-
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Table 7-NN

Estimaced Iocredse in Price Needed for Individual
Diesel Eagine Manufacturers co Recover Their Costs of Comoliance

Manufaccurer Price Increase
{ $ 519
2 492
3 492
P 492
) 263
) 221
7 221
8 213
9 177
10 142
Ll 123
12 115
13 108
l4 108

)Y The order of cthe mauuzac:urers has Deen changed from chat in
Table V-FF and the names cmittad.

2/ Aporoxzma:ed by d1v1dxng the non~recurrting casts of Table
T=FF by 5 times cthe manufacturers share of 1986 projected sales and
adding the recurring 1984-1988 costs per engine per year. £fect
of iaceresc and profic has not been included as it uould not
significancly affect manufacturer to manufacturer comparisions.
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ducers. The annual U.S. sales of the firsc 8 corporaticas in Table
V=8N comprise aboutc 3 percenc of che cocal U.S. heavy=duty diesel
sales per year.

Although White appears in the list of smaller-volume manuface-
turers, it is not in compecition wich che larger-volume engine
manufacturers in cthe same way as cthe ochers 1a the lisc. In the
past several vears White nas usually certifiad oaly ailitary
englnes, which do aoc compecte in che civilian engine markec.

Small volume truck and bus manufacturers should noc experience
any disadvanctage, since mosc use engines droducad dy several zngine
manufaccurers.

It s not expected that cthe promulgation of these regulacions
will have any long term impact oa employment or oroductivicy La che
heavy=dury engine or vehicle induscries, since industry—wide sales
will be affected liccla,

2. lmpact on Users of Heavv=Duty Venicles

Usars of heavy~ducy vehicles will be affecced by rthe nigher
costs for the venicles they use co transport goods, and chis
in curn will affecc che prices consumers pay for the praducts
cransported by trucks.

The expecrtad firsc cost increases of $S195 for vehicles equip-
ped with diesel engimes and $394 for chose with gzasoline engines
should noc subscancially impact either ZIl2et owners' or am indivi-
dual owner operator's ability to pay for aew heavy—=ducy venicles,
since these coscs represenc atr most 3 percent of a vehicle's sales
price.

The regulations will add less chan oune cent per mile of
gasoline~fueled vehicle operacion (undiscountad operacing cost
increases divided by cocal life mileage). All operators of gzaso-
line=fueled vehicles will incur cthese cost increases, so no sub-
group will be at a disadvancage. This does not consider che
ancicipated increase in fuel economy for gasoline~fueled venicles/
engines. To vehicle operators as a group, this cosc should aoc add
significanctly co cheir current vehicla operating costs, and chere-
fore should noc significanmtly impacc either the demand for cheir
transport sarvicag or their profitc margins.

3. Impact on Fuel Costg to Users of Qther Vehiclas

The need for unleaded fuel by gasoline-fueled heavy-ducy
vehicles will increase che demand for cthac fuel. Howaver, the
increase will be relacively small, since these vehicles presently
consume less cthan 10X as amuch gasoline as vehiclas used for per-
sonal ;ranspor:ion.gg/ Also, the increase will ccme slowly.
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The price difference becween leaded and unleaded fuel snould noc be
changed significancly .since by 1984 most Llighec-ducy vehiclas and
trucks will usa unleaded fuel and heavy-duty gasoline-fueled
vehicles use omly 3 percent of all gasoline consumed.24/ Con-
sequently, there will be no significanc impact om fuel costs to
users of ocher vehicles.

4. Balance of Trade

The implemencacion of chese cregulations will aoc have a
substantial impact om che U.S. balance of ctrade.

American manufacturers who sell gasolice-fueled and dissel
heavy=-duty engines overseas will build chese engines to comply with
the emission standards of - che .importing councTy. Therefore, o
loss in foreign sales is expecced as a result of these regulatioas.

As can be seen in Table V=N, che difference in the per angine
first price increase is aot so great as to preclude foreign manu-
faccurers from che U.S. heavy~duty diesel marxet. Currently,
all heavy-duty gasoline-fueled eangines sold in che U.S. ars
manufactured domesctically.

The use of oxidacion cacalyscs oa heavy-ducy gasoline-fueled
vehicles will cause an increase in the imports of anoble mecals to
the U.S. The noble mecals, primarily platinum and palladim will
amount to 6.25 grams of -placinum and 3.125 grams of palladium ner
engine sold. Ia 1979 dollars cthis is approximacely $63 per engine.

However, the predicted fuel ecomomy increase (at leasc 4X) for
gasoline~fueled engines will allow a savings of ac least 836
gallons per vehicle over its lifecime. Using 42 galloms per barrel
and a per barrel price of $20, chis fuel import savings ($398
undiscounted) more than offsecs che increase nodle mecal imports.
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CHAPTER VI
ALTERNATIVE ACTIONS
A Iatroduction

As EPA has proceeded wich the development of a final rule-
maxing Dased upon analysis of commencs received in response co che
February 1979 proposal, altermacives and optious in assencially all
aspects of che rulemaxing have been evaluaced. Most of the com=
ments received Crom manufacturers either explicicly or implicicly
iavolved altarnacives co icems wnich EPA had propesed. Thac is,
EPA was requestad Co evaluace eliminacing, modifyiag or replacing
alements of the rulemaxing proposal ia a wide variecy of ways dased
upon what manufacturers preceived as defects in the proposal, or
more desireable alcernacives. Some of the alcermatives rvaised
during the comment period had already been analyzed by EPA, while
scme nad aoc.

- In the Summary and Analysis of Comments decailed analysis of
all idencified alternacives are developed. This documenc is
available in the public docket (OMSAPC-78-4) and the macerial ‘it
contaians will act de repeaced in cthis chapter beyond tche level of a
briaf review of major alcarnacives coasidered. In addicion che
Summary and Analysis of Commencs, Chapcer VII (Casc Effecciveness)
of chis Regulatory Amalysis coasiders che emission Dbdenefits and
costs associaced wicth each basic elemenc of cthe rulemaking and
decermines che rasulting cosc effectiveness.

The alcermacives evaluated by EPA fall iato three droad
areas: 1) alternacives to specific elemencs of che rulemaking,
2) alternative ctiming for implemencacion of che rulemaking, 3)
alternacive levels of scringency for the emission standards. Zach
of cthese will be reviewed separacely.

B. Alcernacives to Specific Elemencs of the Rulemaxing

1. Test Procedure

The quescion of tesc procadure was ome of cthe most comcro-
versial agpects of che proposal. The Summary and Anmalysis of
Commencs cousiders the issue of the new cest procadure in great
depth in the "Test Procedure” sectiom of thac documenc. The basic
alternmacive cousists of promulgacing emission 3tandards bdased upon
aither che exisciag 9-mode and l3-mode sceady-scate cescs, or using
che transient cest procedure. Between those two extremes lie a
number of variacions consistcing of modificacions to the original
propasal, such as differenc approaches co deriving the tesct cycle
from che CAPE-21 daca base, field validacion programs, altermative
cycles, ectc.

-144-



The fundamental quescion relating to choice of test procadure
13 the abilicy of the current procedures to adequacely characterize
in~use emissioas of heavy-duty vehicles. All available daca
continues Co indicate to EPA that sceady-scate cests are facally
defecgive in this abilicy, and chac che desired 90 percenc emission
reductions in HC and CO could anot be obctained through their use.
Chapter VII estimates.the additional emission reductions expected
from use of che transieant tesc. . The results, summarized in Tables
V1l-l for gasoline-fueled engines and V1I-2 for diesel engines,
indicacte chac che incremental bemefit from changing test procedures
is substancial and cost effective. JApproximacely 40 percenc of the:
overall benefit for gasoline~fueled engines and 6Q percent of the
overall benefic ‘for .diesel engines L1s attribucable cto implemen=
tation of the transient tesc. 'The relaced coscs are low enough to
make chac incremencal benefitc wmore cosc effective chan che 'sceady-
scacte ctast opcion. ' Cost effectiveness aumbers for these opcions
are raproduced below from Tables VII-l and VII-2.

Cosc Effectiveness (S/con)

Qocion . Gasoline Fueled Diesel
g © ac
Steady—scate cest 349 - 13 - 304

Transient cest . 85 2 224

The need for che tramsient test procadure had been a fuada-
mental decision iancluded in the proposed rulemaxiag. Noching
submitted during the comment period has raised substantcial chal-
lenge cto chat need. Ia fact, as the data jusc summarizad indi-
cates, the need for che ctransieant ctest for gasoline=fueled and
diesel engines has become even more clearly escablished. EPA has
cherefore coancluded that the Cransient test should be recained for
boch gasoline and diesel engines. In the case of diesel engines,
there is a possiblicy cthact exiscing eddy currenc dynamomecers could
be made co perform adequacely on the tramsiemc cesc. Ia recogni-
tion of cthe significant cosc saviags cthac could resulc from chis
posaibilicy, EPA has chosea to allovw for diesels an opciomal
certification procedure on the existing tasc cycle for the first
year of implemencation of the aew regulactions. This delay would
allow diesel manufacturers addicional cime co ‘explore the feasi-
bility of using exiscing dymamometers.

2. Other Elemeancs

Alternatives celating to the following elements of the rule=~
maxing in addition to the choice of test procaedure have been
analyzed: redefinition of useful life, ia=use durabilicy tesiag,
.parameter adjuscment, allowabie maintenance regulations, assembly

-145-



line cesting with a 10 percenc Accepcable Quality Level, diesel
crankcase coatrol. For each, chere 1s an appropriate portion of
the Summary and Analysis of Commencs which can be comsulted. In
addition, the cosc effectiveness of each elementc is escimaced 1in
Chapter VII of chis Regulacory dmalysis. Iz is iamportanmc to
realize chat Chapcer VII is actually an analysis of alcernative
rulemaking pacxages. Each cost versus benefir racio s derived
from a comparisoun of the final rulemaxking wich a rulemaxing pacxkage
not having the item being avaluaced. Thus, each constictutes a
unique combinacionm package, and =2ach combimacion represents an
alcernacive approach to che rulemaxing.

For the case of in—-use durabilicty Zescing, chis review process
indicated cthat the proposal should noc be promulgaced ac che
present time. For each of chae remaining elemencs, :the Dasic
approach originally proposed by EPA remains che best alternative.
However, modificacions have been made in saveral of chem to improve
their practicabilicy or claricy.

c. -Alcernacive Timing for Ilmplementacion of the Rulemaxking

The timing for incroduction of new regulacions can have very

important coasequences. From che manufacgurers poiac of view it
affects the rate ac which resources musc be expended co actain
compliance, and possibly che very abilicy to comply. Eaviron=-

meactally, timing defines cthe poiant at which desirad amission
reduccions will begin to be realizad.

The prooosal had called for implemencacion of the new regu-
lacions in [983. A great deal of commenc was received Srom amanu-
facturers on the feasibility of chat deadline. All commencs
indicaced chac the regulacions as proposed were not Zeasible ia
1983, EPA's analysis of chese comments and the alctermacives wnich
vare suggesced ls concained in the Summary and Analysis of Commencs
under the '"Leadtime’ issue. The conclusion of that analysis was
that gasoline-fueled engines might be able to meec a 1983 cime-
table, but cthe risk of @issing the deadline would be high. For
diasel engines, some families could meec a 1983 deadline, but chose
requiring significant emission reductioan could not. Therefore, EPA
has chosen to delay implemencacion of chese rsgulacions uncil 1984.

D. Alcernative Levels of Scringency for che Zmission 3tandards

Section 202(2)(3)(E)(i) of che 1977 Amendments co the Clean
Alr Act required chat EPA "shall conduct a continuing pollutanc
specific study councerning the affects of each air pollutanc smiccad
from heavy-duty vehicles or engines and from ocher sources of
mobile source relacad pollutancs onm the public healch and wel-
fare." The intentc of requiring these reports was co provide a
portion of che frameworx needed co avaluate che statutory scandards
for heavy-duty vehicles (HDV) provided in cthose 3ame amendmencs.
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Subparagraph (ii) of the above section indicates that on the basis
of such studies, and ocher information available, EPA may change
the stacutory standards for heavy-duty engines or vehiclas.

Chapeer IV .of the Regulacory Anralysis assesses che impact of
the statutory standards on emissions of HC aad CO and on air
qualicy. Thac chapter, c<ombined with cthe  remaining porticns of
this Regulatory Anmalysis provides a comprehensive review of the
statucory standards. However, ian order to make the judgemenc just
indicated comncerning whether the standard should be changed,
evaluation of altarmacive stringency levels is required. Siace
EPA's avaluation of alternacive stringency levels is aoc reported
elsewhere, chat analysis «ill be doue here.

The statutory scandard provides for emission standards for
boch gasoline=fueled and diesel engines derived from a 90 percent
reduction from a 1969 gasoline-fueled engine baseline. - To examine
the aporopriaceaness of cthat 90 perceat reduction, ¢wo alternacives
will be considered. One is an 85 percenc rteduction and is less
stringenc than the 9C percent statutory sctandard. The second is a
95 percenc raduction from baseline and is movre scriagenc chan cthe
statutory standard. These standards correspond to the following
numerical values (g/BHP-hr): '

B
852 gtandard 1.9 23.3

- 95 standard 0.64 7.7
These alternmatives . will be evaluaced in terms of lifecime
emissiou reductions per vehicle (and cost effactiveness), changes

in mobile source emissions, and changes in air quality.

l. Lifetime Emission Reductions and Cost

Table IV-4 presents lifatime emissions for engines .represean—
tative of [969 baseline levels, 1979 engines, and the final regu-
lations. Similar results can be computed for the altermative
standards. -Emisgion factors corresponding to the altarnative
. standards are given in Table 4 of Appendix A. They were derived in
the same fashion as those for che scacutory standards. The cor-
respondiag lifetime. amission races, comparaed co the stacutory
standards, are as follows:
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Lifecime Emissions for Heavvy=Duty Vehicles (Tons)

EZngine Class Opcional Statucory Opcional
and Pollucane 857 Standard 907 Standard 952 Standard
Gasoline—fueled
HC 0.24 0.17 0.10
Co 3.2 2.4 1.5
Diesal
HC 2.07 1.41 0.71
co 5.9 : 5.9 5.9

The effect of changing che scriangency of che scandard is
significanc over che average lifa of a heavy-ducy vehicle. For
example, relaxing the standard to the 85 percent level would
increase HC emissions from gasoline-fueled 2agines by a factor of
l.4. On che other hand, increasiag thae stringency would reduce AC
emissions by a factor of l.7. A similar change occurs Zfor CO.
Relaxing che scandard increases diesel AC emissious by a factor of
1.5, while tightening the standard <would reduce dissel HC by a
factor of 2.0. Diesel CO emissions are unaffectad by a change in
the standard because chey are inherently lower chan avem che 95
percent standard lavel.

In Chapter VII, lifecime emissioan races are used to evaluatad
the cost effectiveness of the rulemaking. To do zhis for che
alternative standards anecessitates assigning costs to these levels.,
A prime counsiderarion in evaluacing cost variaticns is the change
in production carger lavels associatad with the standards. Targec
levels are as follows:

Production Target Lavels (g/BHP-nr)

Engine Class

and Polluctanct 85% Standard 90% Standard 952 Standard
Gasoline=fueled
85C 0.73 0.50 0.24
Co 8.9 3.9 2.9
Diegel
HC 1.32 0.89 0.42

Considering gasoline-fueled engines firse, the 85 percent
standard will allow some readuction in hardware costs. R&D coscs
would be unchanged since mosc of che R&D erffort is expectad co bde
directed coward syscem durgbilicy. Likewise, other componencs of
the per engine cost are not direccly cied co the level of the
standard and would remain unchanged. Hardware cost would include
‘savings on air pump requiremencs and catalyst loadiang. Air pump
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cost has been escimated ac $26 ia Chapcer V (before markup for
ovarhead and profic). This was the cogsc of increaging air pump
capacicy. che equivalent of rwo addicional air pumps. AL che 85
perzent standard ouly one air pump would be required, and the casct
would be reduced $l3. Ac the ?5 percent sgfndard, catalyst leading
will be reduced from 45 g/fr” to 40 g/ft” with a nec savings of
$11. ° Toral cost change, including oarkup, is (13 + 1) 1.29 =
$30.96. applied to cthe cost per engine {rom Chapcer V of $477, the
85 gergent scandard would cost $446.

For the case of the 95 percent szandard for gasoline=fueled
engines, the carget level for CO i3 sufficiancly low as to make che
feasibility of this oprion quesctionable. . There is insufficienc
daca ac chis cime co determine how low—opcimized heavy=duty cata-
lyst syscems will be able to operacs. Therefore, no coscs will be
estimaced for chis case.

Turning nexc to diesel engines, a somewnhac differenc sicuation
exists. Much of the cost of reducing engine emissions is in R&D
rather than in add-on hardware. Hardware tosts velate largely to
those few engine families which exceed the sgandards by subscancial
amouncs. These are largely unaffected by the change of carget
values. Most angine families canm attain the desired targets by
design changes or calibracion chamges (e.g., iajector design or
injeczion timing). These accions are included in che R&D coscs.
In evaluating che cost .for diesels associaced wich cthe aQL level
(Chapter VII, Section E6), changing the rarget frem 0.39 g/BHP-ar
to L.05 g/3BP~hr was associated with a change cf R&D cost of
approximacely $3 per engine. For cthe 1.32 targec level of the 85
percent scandard given above, this change will be estimaced as
increasing to a $5 saving per angine.

A second area where diesel manufacturers would be expected o
realize saviogs from s relaxed standard i3 in self-audit coscs.
The ctarget level for rthe 85 percent standard is such cthac mestc
engine familias expected to be offered in 1984 already meet cthe
scandard wich subscancial margins. Therefore, less self-auditing
and lass stringent qualicy concrol programs would be requized.
Qualicy zoncrol costs will be estimated as reduced by half, and
self-audit racas reduced co 0.2 percanc. Thege changes resulc in a
saving of S511.92 per enginme, 7Total cosc saving is thea 55 (R&D) +
11.92 (audic pius quality councrol) = $16.92. Applied to the czost
per engine from Chapcer ¥V of $195, che 85 percent standard would
cost $178.

In che case of the 95 perceat scandard, a3 was the case wicth
gasoline=fyelad engines, che target levels are sufficiencly low as
to make che feasibilicy of actaimmenc uacertain. Therefore, a0
coscs will be astimaced.
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2. Cosc Effectivenass

As 13 done in Chapter VII, the benefit from implemencing any
of che altarnacive sctandards is found by comparing che emissions of
engines builf to chose sctandards with the emissions of current
angines. Liferime emissions for current angines are found in Table
IV=-A. For zasoline=fueled engines they are .17 tons HC and 3 coms
CO. For diesel engines cthe current value is 2.l8 tzons HC. From
these starting values, the emission reduczions per vehicle Zrom che
alcernmatives are:

Lacremencal Lifacime Emission Reductioms (Tons)

Zagine Class Opciomnal Stacucory Opcional
and Pollutanc 85X Standard 90% Standard 95% Standard
Gasoline=fueled
HC 0.93 1.0 1.07
co 27.8 28 .6 29.5
Diesel
HC 0.11 0.77 1.47

Using cthe costs eastimated above (and allocating gasoline-fuelad
engine costs 2qually between HC and CO) che resulting cost affec-
tiveness 1s:

*Cost Effectiveness (S/ton)

Eagine Class Opcional Stacuctory Opcional
and Pollucant 852 Standard 90%2 Standard 95% Standard
Gasoline=fueled
HC 240 239 N/A
co 3 8 N/A
Diesel
gC 1,618 253 N/a

Since it is anot known if the 95 percent standard is feasible
at chis time, no costs have been estimaced and, cherefors, cost
" effecciveness cannot be compuced. The 85 percent scandard for
gasoline~fueled angines is only margzinally less cost a2ffective chan
the 90 percenc standard. However, for diesels, che optional
standard is shown to be much less cost effeccive than che stacucory
standard. This reflects che fact that at the lavel represenced by
tha 35 percanc scandard very liccle emission reductions frem
currenc levels would be required, while much of cthe cost would
remain conscant (bdeing associaced wich acquisition of aquipment,
testing, ecc.).
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-~ 3. Changes in Mobile Source EZmissions

Since the feasibility of the 95 percent standard is unknown ac
present, che impacts of that option will not be evaluaced further.
The effect of the 85 percent altaermative on wmobile source emissioms
would be significanc. The following cable compares 1999 mobile
source emissions for che areas selactad ia Chapter IV under the
‘base case (no new heavy—duty standard), the 85 percear optioan and
the stactutory 90 percent case.

" aonual Nonmethane Hydrocarbon and
Carbon Monoxide Emission ia 1999 (chousands of tons)

Optional Stacucory
Base Case 857 Standard 90% ‘Standard

Non—mechane nydrocarbons - 1155 1058 959
Carbon monoxide 4317 Josz 3038 .

The stacuctory standard produces a desiresable reduction in
benefits comparad boch to the base case and the optional 85 percent
scandard.

4, Change in Air Qualcicy

The optional scandard being considered, whenm incorporated into
the overall emission inventory for statiomary plus mobile sources,
produces some incremental changes. . The average air qualicy im~-
provemenc for the three cases would be as follows:

Average Percent Raduction
from 1976 Base Year Realized in [999

Optional Statucory
Base Case 852 Standard 90X Standard

Ozoune (rollback/ERMA) 52/29 53/30 54/31
Carbon mouoxide 67 73 74

This data indicaces that an additional one percent air qualicy
improvemant for ozone (either rollback or EXMA model) and for
CO can. be associated with the 90 percent standard over the 85
percent standard. For ozome, cthis is half of che total improve-
ment.

5. Counclusions
This analysis has coancluded that the feasibility of attaining
the target emission levels associaced with the more striangent 95

percent scandard is not known for certain. Therefore, that scan-
dard is not a desirable altermative.
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The 85 percent standard alcernacive results io a loss of
benefits and some reduction in cost. These changes are ia such
proportions that che cost effectiveness of the regulacions becomes
prohibitive for diesel engines. In additionm, approximacely half of
the ozome air qualicy bemefic of che stacucory scandard would be
lost uader the 85 percenc standard.

The statutory scandard represents che bestc of che chree
choicas at the present Cime.



CHAPTER VII

COST EFFECTIVENESS

A. He:hodologz

Cosc effacrivensss i3 a measure of what might be Cermed che
sconomic efficiency of some action directed coward achieving some
'goal. Expressad as cost per unic of benefit achieved, costc 2ffec-
‘giveness can be used to compare various alfermacive amechods of
acaleving che same goal. [n che context of improving air qualicy,
the goal i3 cto teduce emigsious of harmful poilucanmecs, and cosg
effecciveness i3 expressed in terms of cthe dollar cost per ton of
pollucaac coacrolled.

To evaluace cosc effecriveness, cwo pieces of information on
che alcermacive being evaluaced are aeeded. These are the cost of
the altermative and the benefits co be gained. Costs to be used in
this chapcer will be ctocal idencified costs expressed om a per
eagine basis, including boch costs ¢o che wanufacturer and cosgs to
the operacor (all discounted co January | 9f che model year in
which the vehicle is produced). Thesa coscs will be allocazed
aqually among cthe pollucancs being countrolled. ‘The benefits will
be computed. as tocal lifecime emission reductions per vehicle.

In chis chapcer, the rulemaking provisioas will be subjected
to two distinct analyses. The first will be an incremencal analy—
$is of each of the major compomencs of tha package. The second
will be an analysis of che package as an incegrated strategy. The
purpose of chese two approaches are different, and che reader i3
cautioned against misinterpretations of the incremenczal analysis.
In the incremental approach, the effect oa costs and bdenefits of
removiag iadividual components will be examined. To varying
degreesa, boch cogts and benefica of chase componencs. overlap and
several componencts of the package @may acc cogecher co - obdcain a
given benefic. In such a case, loss of amy one parr of che pacxage
can result in a disproportionate loss of benefits. There are so
many overlapping interrelatioaships chac it would be impossible co
considar every possible combination of the various componencs of
the pacxage. This- analysis will inscead look at cthe single sec of
options produced by delecing each component aqae at a cime. The
cocal loss of benefits produced by delecinag 2. componear will bde
associaced with the cost of that part of che pacxage. Therefors, if
one were to gimply sum iacremeacal costs or incremencal bemefics as
an attempt at obtaianing ctotal costs or bemefics, significanc
amguncs of double counting would oecur. Such a procadure would be
invalid. The intaegrated cost effacciveness analysis musc bde uged ¢o
evaluats overall costs or benefics.

B. Bacxground

la cha drafc Regulatory Analysis wnich accompanied the pro-
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posad regulacions, a cost effectiveness analysis of che proposal
was carried out. That analysis considered cthe ovarall cosc effec-
tiveness of che entire proposal as an incegraced compliance scrac-
egy. [t was indicacad in che report chat "inm a multi-faceted
program such as che proposed regulatcions of chis heavy=duty pack-
age, it would be desirazble co analyze separately the costs and
envirommental benefics of each aspect of the pacxage. Ia this way
a decision could be made on each elementc as co ics cost effeccive-
ness and whecher i¢ should be incorporated iato che fimal ragula-
tious." However, daca was lacking wich which co quancify the
benafits associaced wich individual slements of thae proposal. In
addition, it was pointed out thac the benefifs are inter—-related
and cannot be isolacted easily from each ocher.

During the course of the comment period oa the proposed
ragulations, EPA has endeavored co davelop more daca, for example
on the comparisons bdetween scteady 9tata and Cransient C2st emis-—
sions, and escablisa mechods for 2scimacing changes in emissions
which could be associatad with changes in the various components of
the pacxage. This efforc has been suificiencly successful co allow
2scimatad cost effectiveness analysis for the main compomentcs of
the rulemaxing.

It is important to bear in mind ciac che benefits and coscs in
this analysis will overlap, and that summing chem all would resulc
ia double counciag. For example, consider che case of saxcended
cacalyst lifeacimes required under the allowable maintenancs provi-
sions and the revised useful Llife defianicion. The beunefitc of
increasing cacalyst lifecimes 1is significanc. However, 1f che
useful life remained ac 350,000 amiles, the intent of the allowable
maiatenance provision for catalyst chaage Lntervals would be losc.
Therefore, incremencal analysis of the allowable maincenance
intarval and zevised useful life will each separacely be looking at
partly the same beunefi: io emission raduccions.

Allowing cthe benefits to overlap in this fashion may appear o
give too much credic to individual eiemencs of che package. This
18 aoC Crue, since in each case the benefif considered will be the
best escimate of what che package would actually gain or lose if
that element were retained or removed. The purpoese of an incremen-
tal analysis is to answer thact question for each element. although
it would be degsirable, ir is aot the chief purpose of an incremen-
tal amalysis to evaluare the benefics of the cotal package. The
benefit actribuced to the overall iacegraced pacxage will be
determined geparately.

C. Summary
———tt—
Using all daca aow available (borth that generatad by ZPA and

thac submicced to EZPA during the public comment period oa the
proposed regulacions), an analysis of che cosc effacciveness of
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sach major element of the regulaction pacxage and of the overall.
pacxage as a uait has been done. This analysis developed benafics
expressed as cons of pollutanc removed (eicher HC or CO) over the
average lifecime of an individual. vehiclte along with tocal casts
for the same lifecime (discounted co year of sale).

Overall benefics and costs used as 3 startiang refarence che
existing regulacioas for [979 and later model year haeavy-=duty
engines. That is, boch overall benefics and overall cobsts were
developed as changes in relation to the case of the existing
regulacions contiauing in effact. Benafics and coscs for most of
che individual aelemeants of che package (excepe for che change Co
the transianc cest procedure), on the octher hand, were avaluated in
cerms of changes to the final package. The loss in benefics chac
would occur if each elemenc were removed from the pacxage was
evaluated in comparisoc with che cosc reductioa chat would be
produced by chac same change. The transienc rCeasc procedurs was
evaluated in relationship co the altermacive of implemencing a
standard on the current test procedures corvespandiag to a %0
percent reduction from che $-wode gasoline-fueled engine 1969
baseline. Figures VII-l and VII-2 summarize che benefics developed
for gasoline-fueled and diesel engines, respectively. Coscs,
benefics, and costc efiecciveness are tabulated in Tables VII-l and
V1I-2. Cost effectiveness figures for ocher amobile source concrol
serategies are provided in Table VII-3 for comparison purposes.

D. Gasoline-Fueled Engines

l. Transient Teat

One of the xey facets of cthe ancire regulacion package is che
proposed ctransient. tedt preccedure. The ctransieant cest is being
implemented because of the need to maxe compliance gescing for
heavy-duty engines a bettar wmeagure of actual ig-use eamissions.
The CAPE-2l program and resultanc transieat Rast procedure ware
designed co accuracaly characterize in=-use operation and therefors
in=use emissioas. Throughout this analysis, transient cest data
will be taxen €o represent in-use daca. The 9-mode sceady scace
procedure fails to accurately measure in~use amigsion rates for the-
low emisgion engines curvencly being used or for advanced cechne-
logies ancicipated for fucture heavy=ducy eangines. This same
failure of che 9-mode test to relate well to in-use emissions has
. made it difficult to assess the benmefir of switching to the tran—
sienc casc. I£ one does aoc xnow the ino-use emiszsioas from che
current test then the actual bemefic of reaching :a given leval on
the transient tesc- cagnoC be quaacified. This was che dilemma
facing EPA ac the cime of che propesal ia Fabruary 1979. alchough
there was reasou to believe chat substancial benefic would acdcrue
as a result of implementing the transient cest, chere was ao way co
quancily zhat benefic. -
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Figura VII-iA

Incremental Lifetime Hydrocarbon Renefits
Gasolipe Fueled Engines
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1 3-Mode Test

Flgure VI[-2

Incremental Lifetime Emission
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lacremenctal Lifecime Cost Zffectiveness

Table VII-!

Gagsoline~fueled Zagines

Benafic Cost Effecciveness
Cost (Tons) ($/Ton)

Qocion {Dollars) HC CO iC CO
90 Parcent on 426 0.61 16 349 13
9-Mode
Transieat Test S1 0.39 12.8 85 2
Useful Lifa 38 0.13 3.8 223 3
Paramecer Adjusc- 5 0.08 3.8 31 l
aent
Allowable Main~ 38 0.13 3.8 223 8
tanance

10 Percanc AQL 17 0.04 0.3 213 17
Ovarall Package: 477 1.0 28.5 238 3
a. Transient Tasc

o. Useful Life

¢. Paramecer

Ad juscment
d. Allowable
Maintanance

e. 102 aQL

/M 29 0.07 2.3 k 207 5
* Note: Includes all ocher aspects of the rulemaxing excepe the

transient cesc.
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Table V1I-2

Lacremencal Lifecime Cost Effectiveness
Diesel Eagines

Cost Benefic Cosc Effecciveness

Qotion (Dollars) (Tons AC) {5/Ton}
Steady-~State Test a5 Q.28 304
Transient Tesc 110 0.49 224
Usaful Life 2 Q.45 44
Allowable Maincenance | 5 0.05 100

1¢ Percent aQL 7 0.24 29
Cranxcase Countrol¥ 10 19.5 Llbs. 342
Quverall Package 195 a.77 253

a. Transienc Tasc

b. Useful Life

¢. 10Z AQL

d. Cranxcase Comtrol

* Natyrally-aspiratad engines only. Cost allocated aver 3

pollucants. See Diesel Crankcase EZmission Control, Summary and

Analysis of Commencs.



Table VI1I-3

Cost Effectiveness (3/Ton) Comparison
Wich Ocher Emission Control Stracegies

Emissions Cosc Effectiveness
after Concrol ($/Ton)
Control Program Baseline Emission a/ Program Iniciaced a/ HC Co NOx
LDV Stacucory BC = [.5 3C = 0.41 470 &l 2300
Standards b/ o =15 w = 3.
NOx = 3.1 NOx = 0.4
LDT Iacterim 1) € = 2.0 BC = .7 200 21 73
Standards ¢/ o =20 co = I8
Nox = 3.1 4/ Nox = 2.3
2) HC = 4.3
CO = 44
Nox = 3.2 a/
/M for Exiscing - -— 78 7.7 2783
Lovs £/
Mocorcycle Standards HC = 9 i = 8-22.5 n/ 364 Neg, -
1978/1979 gz/ CoO = 34.57 co = 27.4
1980 + BHC = 8-22.5 4C = 8 365 Yeg. -
cO = 27.4 co = 19.3
Proposed LDT HC = 1.7 HC = 0.8 139-201 10-12
Action 1/ co = 13 co =10
NOox = 2.3 Nox = 2.3

a/ Emission Leveis in grams/mile, excepc for HD whichn are g/3HP=ar.

o/ Raport: Iaceragency Tasx Force on Motor Vehicle Goals 3eyond 1980, March 1976.

¢/ "Eavirommencal Impact Statemeac - Zmission Standards for Lighc-Ducy Trucks,"
November 29, 1976.

4/  Trucks 0 - 6,000 lbs. GVWR.

e/  Trucks 6,00l - 8,500 Lbs. GVWR.

Hi "Cost Effectiveness Escimaced for Mobile Source Emission Concrol,'" Vector
Research, I[me. for EPA, January 1978,

g/ "Eavirommental and Economic Impact Statement - Exhaust and Cranxcase Regulacions
for che 1978 and Later Model Year Mocorcycles."

h/ Sliding Scale 3ased on Zagine Displacemenc (cubic centimeters).

1/ '"Draft Regulatory Analysis of Proposed Emission Regulacions for 1983 and Lacter

Model Year Lignc-Ducy Trucxs", EPA Office of Mobile Source air Pollucioa Concrol,

June 28, 1979.
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In order to quantify the benefit of che ftransient tese, EPA
began tescing engines on the transient zast which represents
current technology and future expected ctechnology. This cescing
program measured emissions on both the transient test and the
9-mode test in ordar o assess the Ln-use levels represented by
amissions on che 9-mode Cest. In additiom, in.preparacion for
development of a 1983 NOx standard, a 1972-1973 baseline engine
tasting program is underway. Altogether, at the time of this
analysis, there is data on five current technology and proctocype
technology aengines, ctwelve 1979 engines (representing 36% of
projected 1979 sales), seven 1972-1973 engines (reprasencing 46% of
1973 salas), and 15 of the 1969 baseline engines. Noc all 1969
baseline engines can be included because 9-mode emission ceseing
wag not carried out om all engines. GEmission Llevels. from these
engines cover a broad range from pra=—concrolled levels down to the
ranga aporoaching the new scandards. Scacter diagrams of transient
emissions versus 9-wmode emissious are given im figuras VII~3 and
III-4,

Three principal conclusions can be drawn from a review of this
data. First, there is a high degree of scatter in the relaticnship
between the two test procedures. For example, ac a 9-mode CO level
of approximacely 15 g/BHP-HR {the range of the new CO standard),
transient emissions vary from near 30 to about 120 g/B3HP~nr.
Second, in spite of this- scatter there is a rough relacionship
between trausient and 9-mode amission resuylis. Lipear regressicn
lines of cransient emissions versus 9-mode emissicas are showm in
che figures. Two lines are shown in each figure. The firstc is an
escimacte usiag oaly the pre-coatrel 1969 aad 1972/73 baseline
results. The sacond usaes [979 and advanced technology engine data
23 well. The relatively small change ia the regression line
resulcing from the addicion of the lacter data set indicates some
stability in the relatiomship. The regression lines based upon all
- the available data will be used in the remainder of this analysis
to ralata given 9-mode emission levels co equivalent Cransient
. levels. Finally, Figures VII-3 and VII-4 show that cthere i3 a-

limicing range of transient emissions belew which cthe 9-mode
procedure is act capable of reliably measuring, and that this level
is wall zbove che new transieant emission standards for both HC and
€O (1.3 g/BHP=hr 3C and 15.5 g/BHP-ar CQ). 9-mode emisgsioas caa bhe
seen to be approaching zero, while transient emissions remain ar or
above che sctandards. This can be clearly seen from che incercapts
cf the regression equations of 2.1 for HC and 62 for CO. The
impact of this faect is that there is a limic to the amount of
actual bdenefit which could be axpacted o result from a 9-mode
standard even if set at an extremely .low level. Iz is also an
expected resylt, since the 9-wmode zest wmeasures ag cransient
componencs of che overall- emissicns. This effact should noc be
- interpreted to mean that heavy—duty eugines will not be able to
reach low cransienc emission levels, but onlv chac 9-mode ctesting
is incapable of identifying those which can versus those which cdn
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not. DBased uypon boch che scacter of the daca and the regression
lines, there is no 9-mode scandard wnich could resliably atzain che
desired 90 percent raduction in actual emissions.

Using che data of Figures VII-] and VII-4, the emission
banefics of converting co the fransient testc can be escimaced. We
will €irst evaluazce the average lifecime emissions of an engine
concrolled to a 9-mode standard cepreseacing 90 percent reduccion
from che 1969 9-mode baseline levels. Next, average lifecime
emissions from an 2ngine concrolled 2o the cramsieac standard will
be evaluaced. Comparisom of the two will indicate the denefic of
the tranmsient testc. Since cthe only varigble we desire o 2xamine
is the change in ctest psrocedura, all ocher aspeczs of che rule-
making will be allowed zo remain intfagt with eicher cesc progedure.
That is, both zhe 9—mode and Ccransient standards will be avaluated
Sased uypon the inclusion of redefined useful life, paramecer
adjustment, allowable maintanance and a 10 percent AQL. These have
the effect of maincaining in-use emiggions at or near lavels of
certificacion engines.

a. 90 Percent oun the 3-mode

A 90 percent reduczion from baseline standard on che 9-mode
represents levels of |.0 g/3HP-hr HC and 12 g/BHP-nr CO. The HC
standard is being met by curvent engines, buc the CO is not. In
facc, based upon che CO rvequiremenc, ZPA bellsves chat cacalytic
converszers would be aeeded tg achieve compliance. :

Production angine zargets (certificaction levels) for the above
scandards can be calculated in the same fashiom as chat develoved
in Seccion 3 below. Ia chat seccion, the producticn farget is
egcimacad as (0.85) x (scandard/D.F.) for a 10Z AQL. The OF
appropriate o heavy—duty catalyst equipved engines 1s derived in
the "allowable maintanance’ section of cthe Amalysis of Comments ags
1.7/100,000 miles. Therefore, the produczien carzetc lavels would
become 0.65 x 1.0/1.7 = 0.38 g/BHP-HR (HC) and 0.63 x 12/1.7 = 4.8
g/BHP-HR (CO) as measured on the 9-mode cesc.

From chis starting poinc, then, we will let in-use emissions
increase at a rate correspending to a DF of 1.7 - so long as the
catalyst syscem remains operatiomal. Average emissions under chat
condicion can be expressed as!

BC = 0.38 + 0.027 (M/10,000) 9-mode
CO = 5.8 « Q.32 (M/10,000) 9—uode
vhere ¥ ® prleage

The relationship between transienc and steady sctate, as given
in Tiguras VII-3 and VII-4, ara:

HC(Transienc) = 2.1 + 0.72 [BC(9-mode)! g/BHP-ar (VII-1)
CO(Transienc) = 62 + 0.77 [CO(9=~mode) ] g/3BP=nr (VII-2)
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Equacions (VI1I~l) and (VII-2) can be used Co escimace Cran-
slent emissions relacive to the 9-mode values just compuced. The
resulcs are:

"HC = 2.4 +» .02°(M/10,000) g/3HP=-hr (viI-3)
€O = 65 + .25 (M/10,000) g/BHP~-hr (VII-4)

~ In usiog the results of equation (V1I~3) and (VII-4), it is
specifically assumed chat engines designed co cthe 9-mode scandard
would produce in—use emissions according to che relaciomship of
equacions (VII-1) and (VII-2). Whac nas noC been considered is the
possibilicy chac aew engines may be designed cto "beac'" che cycle
and produce low 9-mode resulcs without a correspondiag lowering of
crangient (in=use) results. This is a real possibilicy, but cannoo
be quantified. Insofar as scme wanufacgyrers ware co choose such a
rouce, the benefics here beiag accributed to the 3-mode procedure
would be lost. .

Under che allowable maincenance restrictions of this rule-
wmaxing, catalyscs are expecced co have a ®minimum change incerval
of 100,000 miles. Howaver, based upon probability, not all caca-
lyses will have exactly the same Lifecime. Nor will ail cacalyscs
need to be changed at the same poiat due to failure. We will
creac each cacalysc as having a finice lifecime, beyond which
emission performance will begin to degrade at a rapid race. Thias
could vesult from occasiocmal high=cemperature conditioas or ocher
operating couditioms which will affecc system ingegricy, or ran-
domly occurring factors during cacalyst syscem manufacturer which
affect durabilicy of the syscem as extended mileage accumulates. A
. discribution generally found appropriace for lifecime phenomena is
the Weibull discribucioun.l/ This discribucion has che form:

F=1-axp [-(gobl (VII-5)

If a cacalyst were to fail on am in-use venicle with extended
mileage, it is quice possible chat it would aot be replaced.
. Therefore, average in~usge emissions will increase scmewhat near cthe
end of the useful life period. It i3 reasonable to assume that a
venicle wich 3 failad catalysc would emit ac levels of 1979 en-
gines. The failed cacalyst mode emissions would be:

8 = 3.0 +0.02 (M/10,000) 3z/BHP-#R Tramaieac
CO = 33 +0.22 (4/10,000) g/BHP-HR Transiaeat

The zero mileage levels in che above equaciouns come from EPA's
1979 HD baseline tescing program. The mileage factors are based
upon a4 review of the 1979 certificacion DF's (which for curreat
engines are additive values). All HC DFs buc oue ware zero, and
the average CO DF was lL.l. BSased upon che belief chat im=use DFs
for 4C would be aon-zero, a DF of 0.l was used for HC in combi-
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aatiocn with the L.l for CO. These are additive values over 50,000
miles.

The in-use fleec average emission race can be estimaced by
combining che cacalyst and non-cactalysc emissions accarding to the
fraccion of Failaed cacalyscs (F):

HC = [2.4 + .02 (M/10,000)] [(l-F] =+

(F] (3.0 + 0.02 (M/10,000)]
o = [65 + 0.25 (4/10,000)] (l-F] + [

Fl
F] (88 + 0.22 (M/10,000)]

Combining terms, chese can be simplified co cthe following:

BC = 2.4 + .02 (M/10,000) + 0.6F g/3HP=-HR Transieac (VII-4)
CO = 85 + (.25 (M/10,000) + F(23 - .03 (M/10,000)) )
3/BHP-HR Transgient (VII-3)

The only remaining task 1s co specify che fraction of failed
cacalyses (F) according to cthe Weibull discribugion of aquation
V1I-S. We will coasider catalysc syscem design such that che
catalysc change poinc of 100,000 ailes corresponds £o a maximum of
10 percent falled catalyses. We will further assume a1 "Welibull
slope” of b=3. 3ased upon these two faczors, cthe 'characteriscic
value" 8®211,726 miles. A plot of this funetion i3 given in Figure
VI1I-5 and illuscrations of che effect ic has on iacresasing emission
races ac high mileage can be found in Section 2 under che discus=~
sion of useful Life (Figure VII-6}. The equatioa for F Lis:

F =1 - axp [-( M )’3] {(V11-4)

211,726

For an average lifetime of [14,000 miles, this equacion
indicaces chac about 14 percent of the catalyscs would be expected
to fail. Equacions (VII-4), (VII-5), and (VII-4) can be used zo
evaluacte lifecime emissions. The vehicle lifecime used is 114,000
milas.2/ Over chis lifecime, the average amission rate is 2.5&4
g/BHP-ar (HC) and 67.3 g/BHP=ar (CO). To comvert these rates co
cons of emissions gver the whole vehicle life involves the rala=
tionship between fuel consumpciocan per BHP-hr and fuel consumpcion
per mile of cTuck ctravel:

g . x BHP-HR x 4.1 lb. fuel x gallans x 114,000 miles x ton
BEP-HR  lb. fuel gallon mile lifecime 454x2000 gm

From che P4 1979 baseline testing program, the sales weignced
fuel cousumpction per 3HP=hr (inverse of che second factor) is 0.7,
and the fuel economy is 5 mi/gal. Using these aumbers, che coaver—
sioa factor is:

6.1 x 114,000 - 22
0.7 x5 x 45 x 2000
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The resulcing lifatime emissions of a catalyst-equipped
gasoline~fueled heavy-duty engine designed to ameet a 30 percenc
reduction scandard on che 9-mode test procedure are:

0.22 x 2.354 = .56 tons HC and 0.22 x 87.3 = 15 cons CO

Lifecime aemissions of the 1979 in=-use fleet which constitutes
our baselige reference case have been escimaced in chapocer IV as
1.17 ctons HC and 31 coms CO. The nec Dbemefit of che fiaal rule-
making, if it were to be based upon a 90 percenc reduccion on cthe
Y-~mode, would de !.17 - .56 = 0.5] cons HC and 31 - 15 = 156 tons
co.

b. Transient Test Procedure

The impact of converting co tche transient tast procedure will
be lower cartificacion emission levels. As noted Ior the 9-mode
standard, che production ctargetc level for a l0 percent AQL nas been
estimated in Appeadix A ac (0.63) x (scandard/DF). Using che
transient scandards of 1.3 g/BHP-nar dC and l5.5 g/3HEP-ar CO,
these targec levels are:

0.65 x 1.3/1.7 = 0.50 g/BHP-nr Tramsient HC
0.65 x 15.5/1.7 = 5.9 g/BHP=-nr Transient CO

Based upon the DF of 1.7/100,000 miles, these can De 2xpressed
as (so long as catalysc operaces):

BEC = 0.50 + 0.035 (4/10,000) g/BHP-hr
CO = 5.9 + 0.41 (/10,000) g/BHP=~hr

Adding in failed cacalyscs we gec:

HC = (0.50 + 0.035 (M/10,000)} (LI-F] + (¥F] (3.0 + 0.02 (M/10,000)]
CO = [5.9 + 0.41 (#/10,000) (1-F] +« [F] (88 + 0.22 (M/10,000)]

Which simplify to:

2C = 0.50 + 0.035 (/10,000) + F (2.5 - .0l5 (4/10,000)] g/BEP-ar (VII-7)
€O = 5.9 « 0.41 (#/10,000) + 7 (82 - 0.19 (M/10,000)] g/3HP=nr (V1II-3)

Equatious (VII~7) and (VII-8) yield average lifetcime emission
rates of .76 g/BRP-hr H3C and ll g/3HP-hr CO. Couverting co life-
time emissions in tons we gec .22 x .76 = .17 cons HC, .22 x Il =
2.4 tous CO. The net benefic over the 90 percent on the 9=-mode
scandard is .56 - .17 = .39 toms HC and 15 - 2.4 = 12.6 cons CO.

The emissions calculaced for the transient tesc case are the
emissioas for the 2ntire rulemaking package. Therefore, che
benefit of the entire package can be obtained by comparing these
lavels to those previously calculacad for the 1979 in-uge (fleet
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‘(1.17 cons HC and 31 cons CO). The emission benefit over the
baseline lavels Ls thean 1l.17 - .17 = .0 coms 4C and 31 - 2.4 =
28.6 tons CO.

c. Costs

The cost analysis of Chapter V determined costs actributable
to various aspeccs of che regulation pacxage. 0Discounted costs per
engine 4are givean in Table 7-LL. 4dpplying the profit and overhead
factor of |.29 developed in Section B~! of Chapter V, thease values
becoue:

Item ) Discounted Cost per Engine
R +D 19.58
-Cartificacion Tescing 3.16
Cartificacion Facilicies 10.40
STA Facilities 14.16
SEA Tesciag 1.04
Self audicing 19.43
Hardware 326.37
Unleaded Fuel 258.72
Muffler and Sparx Plug Saving -176.13

Total Cosc Per Engine 476.74

This ctocal cost corresponds Co the ctramsienc ctest benefics
derived earlier and can be used co compuce the cost effectiveness
of the overall pacxage as giveu in Taole VII-I.

Cosc per eagine for the case of a 90 percent standard om the
9~mode cest can be derived by the following changes. Cartificacion
facility costs are eliminaced. The SEA facilicy cosc becomas
$11.73 due to a savings of §300,000 per SEA tesc sice by deleting
the need for CVS syscems (equipment plus facility). The catcalyst:
required to meec the 9-mode scandard will also be less expgnsive.
EPA egtimates a reduction in catalystc loadiag from 43 gm/ft” co 38
gm/ft ad reduciag che catalysc volume to engine CID ratio from
1.0 to 0.9. These changes reflect the less stringent standard, but
the continued requiremenc cto perform over cthe full useful life.
These changes . reduce cacalysc cosc by $32.25. an addicional §8
would be saved because of air pump modificacions required for the
full pacxage but noc for the 90 percent oan the 9-mode case. Tocal
cost reduction is thea $10.40 (cerc facilicies) + $2.43 (SEA
facilicies) + $38.25 (hardware) = $51.08. Cost for the 9-mode case
is thus $476.74 - 51.08 = $425.66, and the cosc actributable to the
transienc cest is $51.08. Resulting cost effectiveness is shown in
Table VII-1,

2. Redefinition of Useful Lifa

In saction lb above, che lifetime emissiovns per venicle usiag
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the transiemt cest procedure were calculacted to be 0.17 coans of HC
and 2.4 tous of CO. These numbers, as nhas been notad, presumed
chat all ocher aspects of the rulemaking were iatact. The basic
assumption made in chat regard was chat the combined package would
resulc in in-use emissions which closely match the performance of
certificacion vehicles. The only exception was due zo che failure
of a small percencage (l&4 percent of cocal) of cacalysts on a
random basis near the end of the vehicle useful lifs.

The evaluacion of the new useful life definigion will proceed
by estimacing the Lloss of bemefits and reducrticn in costs thac
would occur if this element were removed from che package whila all
other elements rtemaiged intact. This mechod will make it possibdle
to evaluace the impact of noc implemeating useful life ca che
overail package while at che same cime escimaciag :he cost 2ffec-
tiveness of chis elemenc.

a. Benefics

The extension of the useful [ife definicion to cthe average
full lifecime rather than someching aporoximacing half of che Zull
life as i3 done in current practice has the effacc of requiriag
thac wvehicles will be able Co meet emission standards chroughout
their average Life. This will require aew vehicle emission races
to be lower so as to aot exceed the standards afcter accounting for
emissioas deterigration over aporoximasaly c¢wice che mileage

interval of current opractice. Full lifa useful-iife will also
require the uyse of control syscems waich are sufficiencly durable
to last the vehicle's lifetime. This makes the usaful 1l:fe

change a key co the affectiveness of the allowable mainctenance
provisions.

These two aspects of full lifa useful-lifs - lower inmicial
emission races and more durable compoments - provide the basis for
escimazing the benefirs af chis element of the rulemaking. [f full
life useful life were dropped in favor of cthe currenc 50,000~-mile
useful life then both of these areas would suffer. IZmission target
lavely would iacrease and system durability would not have to be
proven beyond 350,000 miles. The lacter fact would have its major
emission impact in relacion o0 catalysts. If cacalyst durabilicy
need ouly be proven to 30,000 miles then a "50,000 mile cacalyst”
will be used inscead of a "100,000 miles catalysc”.

Following the prccedure used in secctiom lb, chese changes can
be quancified. We will use a cacalysc syscem DF of 1.3 over 50,000
miles %o get production rcarget levels, which have heen aocad as
(0.65) x (scandard/DF) for !0 percent 4QL. These are 0.55 x
1.3/1.3 = 0.65 g/BHP-hr HC and 0.55 x 15.5/1.3 = 7.7 g/BHP-ar CO.
These levels form the scarcing poinc for vehicles whose catalysts
r2main lacact. For those catalysts chat fail the emissions will be
as used in section lb. The resuiting smission races for a 50,000
miles useful life are:



HC = 0.65 + 0.039(M4/10,000) + F(2.3 - 0.019(4/10,000)] g/BHP=-nr (VII-9)
CO = 7.7 + 0.456(M/10,000) + F[80 - 0.245(M/10,000)] g/BHP=hr (VII-10)

Equation (VII-6) for F, when modified for a 50,000 mile useful

lifa, becomes:
F =1l - axp [~( o )
105,863

-3]

In chis case, catalysc failures will be wmuch greacer, with up
to 70 percent having gome beyond ctheir lifecime by cthe end of a
114,000 mile useful life. To illuscrace this, Figure VII-6 pre-
sents the average HC emission race as 3 function of vehicle mileage
fer che 50,000 wmile useful life case and the complete rulemaking.
The average HC emission rate rises from 0.76 g/BEP-hr for the
complete rulemaking zo [.36 g/BHP-hr with a 50,000 mile useful
life. Over ics full life, a vehicle in che lacter cacegory would
emic 0.22 x 1.36 = 0.30 cons HC and 0.22 x 28 = 6.2 cons CO. The
net loss in benefics from eliminacing the useful life changes is
then 0.30 - 0.17 = 0.13 cons HC and 6.2 - 2.4 = 3.8 rzous CO.

b. Costs

Costs attributed to changing useful life from 50,000 miles to
100,000 miles are basically the costs of building movre durable
catalyst syscems and meeting a lower emission target. For 3 50,000
mile usaful life, catalysc loading i3 reduced co 30.g/Ffcl and
catalysc volume to sngine CID ratio 1s raduced to 0.9. Cost
reduction 1is $58.05 per engine. Cost effectiveness appears 1ia
Table VII-l.

3. Parameter Adjustment

The parameter adjusctment provisions of cthis rulemaking are
designad to correct one of the largest causes of excess emissiomns.
EPA's restorative maintenance study3/ examined the incidence of
malad justad parameters in 300 light-ducy vehicles ia 3 different
cities. For chese venhicles, which were less than one year o¢ld and
had less chan 15,000 miles accumulated, it was determined that over
72 percent were maladjusted on at least one specificacion for
timing, idle CO, idle RPM.4/ As discussed in the parametar adjusc-
ment portion of the Summary and Analysis of Comments, similar rates
are axpected for heavy=-duty gasoiine-fueled engines.

The benefics to be derived from parameter adjuscmeac are
likely cc he the same for heavy-duty as those identified for
lighc=ducy in che restoracive maintenmaace study. The scudy indi-
cated an average reduction in HC of 32 percenc and CO of 60 per-
cenc, for che 300 vehicle Elee:.i/ - Individual vehicles experien-
cing maladjuscment showed significantly greacer reductions thanm the
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average. . The average reductions, it should also be noced, were for
low-mileage vehicles which had been screened to eliminate vehicles
waich had been abused or axtensively modified. Therefore, winole
life impact of paramecer adjustmenc will probably be greacar chan
che benefifs being estimatad hare.

The loss of benefics thac would be experienced dy aliminacion
of paramecer adjuscmencs is calculaged as follows:

Lifacime eamissions with parameter adustmencs = 0.17 tons HC
2.4 comns CO

Lifecime emissions without parameter adjustmenc =
0.17/(1-0.32) = 0.25 ctons HC
2.4/(1-0.50) = 6.0 ctons CQ

Lifetime benefit of paramecer adjuscmenc =
0.25 = 0.17 = 0.08 coums HC
6.0 - 2.4 % 3.8 cons CO

The costs of implemencing parameter adjustmenc have been
addressed in the Economic-Impact section of che Summary and Analy-
3i3 of Comments. Paramefer adjuscment i3 expecced Lo coIC 3PProxi-
mately $5 per engine. Cost effecciveness based upon Chis amount is
given in Table VII-!.

4. Allowable Maintenance Restriccions

These regulactiocas will affect a wide variecy of emissicn
relaced components. - The overall impact will include decraasing the
amount of emission maintenance required Co maincain proper vehicle
emission races. This will reduce the lixelihood of excess ian-use
emissions dua Co mal-maiatenance.

Benefics acttributable to many of che wmaiantenance items are
d¢ifficult to quancify. However, one of chase, the cataysc change
interval, exerts whac is perhaps the wmajor emissions ianfluence and
can be astimated. The allowable maintenance regulations will
result in a winimum catalystc change iagerval of 100,000 miles.
Depending upon che acrtual useful life to which various panufac-
turers will certify, cactalyst lifecimes longer ctham 100,000 miles
may be used in some cases. However, we will use 100,000 miles for
the analysis. Without the allowable maiantenance restrictions,
catalyst change intervals corresponding te current vehicle useful
lives (50,000 miles) are expectad. Based upoun che positiom thac
cacalyscs on in-~use. vehicles are no¢ likely to be changed, eaven
chough catalyst changeover would be specified ia che maiacenance
imstructionr, chen the in=-use fleet woud aoc perform as expected.
Emissions would increase afcer cthe 30,000 mile poiac and with a
shorter Llifacime higher racas of catalysc failure would occur.

Emission races for chis sicuaction would be assencially che
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same as those developed for a 50,000 mile useful life in Section 2a
above. Lifecime loss of benefits from drovping the allowable
maincenance regulacions would thus be the same as those developed
for useful life: :

0.13 cons HC and 1.8 cons CO.

Costs would be rthe same as chose escimaced £&or useful Life
also. Resulcs are in Table VII-l.

3. Selective Enforcement Auditing (SEA)

‘The question to e 2valuactad wich regard to SEA concerms che
acceptable qualicy level (AQL) to De used in chac program. This
level identifies the maximum Ffailure rate that cam ocsur in audits
of production angines before theére is a significant probability of
a suspensian or revocation of cartification. The heavy-dufy SEA
programs will use a [0 perceanc AQL, =zeaning that 90 percenc of
osroduczion 2ngines must comply wich emissioca standards.

a. Benefits

The benefirs will be estimaced by evaluacting the change in
emissions which would resulec if the AQL were relaxed from LO
percentc to &40 percenc. In general, changing che AQL resulcs in a
change in che mean production level cargec che manufacturer will
aim for. The degree of change can be calculated from scaciscical
considerations. There are varicus wavs thac chese calculacions can
be approached, all of which give similar resulcs. Here we will
Zfollow, wicth some modifications, the method used by Ford Mocors in
their commencs oun the NPRM.

The questioa can be expressad 1a general terms as thac of
decermining an iaterval about the mean of a limiced gsample of
engines wnich will, wich a desired confidence level, concain the
desired percentage of the populacion:

x+r&s (VII~-12)
Wnere x Ls the sample mean (production targer level).

" s is the sample standard deviaciom.
X is a cabulacad staciscical facrtor depending on samole
size, the desired percentage of the population (4QL), and che
dasired confidence level.

1"t

Here, x must be set so that the upper level of che incerval x
+ Ks falls ac che level of the standard divided by the OF.

Jalues of X can be found ia staciscical text books, for

example, Table 3.2 of "Statiscical Design and Analysis of Eagineer-
ingz Experimencs' by Lipson & Shech.
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In our case x represencs the farget productiom mean and s che
production variability. The desired confidence level will be chac
‘prasanted by Ford: 80 percenc. The desired percentage of the
population (cthe pass rate) was datarmined by Ford as follows.

Using che 'power curves” for che SEA sampling plans, Ford
determined the pass race associated with the desired probabilicy
of failing the SEA (manufacturer's risk). These "power curves” are
pragentad in Section V, Tigure & of che Ford comments of 06/29/79
and display probability of failing che audic versus actual propor-
tion of angines not in compliance. Ford usad a Q0 percent manufac-
crurers risk co derive a desired pass rate of 65 percent for a 40
percent AQL and 935 percent for a 10 percant AQL. The use of a ©
percent manufacturers risk i3 counsidered overly conserwative, and-
the EPA calculations will be based upon -a 10 percent manufacturers
risk. That i3, the fimal result will be such that there will he an
80 percent confidence thac the manufacturer's risk will he ao
greacer tham |0 percent. Independeac calculacions of produccion
carget levels by the use of the scandard "t" statistic yield the
same results when an overall confidence level of 90 percesc is
used (e.gz. 90 nercent confidence thac 90 percent of the pepula-
tion #ill be below the targec level in the case of 10 percent aQL).
The desired pass rvates for a 10 percent manufacturers cisk are 37
percent for a 40 percenc AQL and 38 percent for a lO percenc AQL.

Ford used a sample size of 3 pre-production 2ngines to eval-
uate .emission levels. Sample size of 3-5 engines seem zo be
cypical of.most manufacturers and 3 will be used for chese calcula~
cions. If a wmanufacturer wished to be able to raise nis carget
lavel without increasing his risk of failure, a larger sample of
engines could be teated.

3ased upon chese factors (80% confidence level, pass ragas of
57 percent (40 percenc AQL) and 88 percenc (10 percent AQL), sample
size of 3) a value of K can be determined from staciscical tablas.
The resulr is K = 1.1 for a 40 parcent AQL and X = 2.7 for a 10
perceat AQL. '

Emission variability was presenced by Ford as being a funccion
of rthe low-mileage target (LMT = gcandard/deterioracion factor).
Thac i3, a lower target will be associaced wich a lower variablicy
such that che ratio is comstant. EPA beliesves that ir would be
wore coOTTect GO use the ratio of variability to actual production
level (s/x rather than $/LMT) as a couscant. This approach was
that generally used by other manufaccurers. This change is che
second modificatiom to the Ford approach aade by EPA (ghe firsc
baiag to change the "manufacturers risk™ from O percanctc zo 1O
percent).

The relationship befween the production target level x as a
function of the variabilicy (s/x) can now be developed for aizher a
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40 percent AQL or 10 percenc aQL. EZquation (VII=-12) can be axpres-
sed as:

x + K s = MT

Dividing chrough by x,

L + & (s/x) = MT/x

oT

*/IMT = 1/[L » R(s/x)]

%X having Seen decermized for each aAQL, chis beccmes:
2/WMT = L/(L = L.1(s/x)] 40 % AQL

T/LMT = L/(1 + 2.7(s/%)] 102 AQL

Figure VII~7 i3 a graphical presentation of these two a2qua-
tions. From that figure, once the s/x racion s known, che ctarzec
levael as a fraction of the IMT can be found for either aQL.

The only piece of data now aeseded to astimate target racio for
che ctwo AQLs i3 the aporooriace s/x racio. Ford was che oaly
commenter to submic significant data oa variabilicy for gasoline-
fueled engines. In its tescimoay at the May 14-13, 1979 hearings,
Ford stated that ics wmedian value of s/LMT was approximately
0.24.8/ Acr the hearing, Ford was questioned on the basis for that
escimace and was asked to submit subscantiacing daca. Ford iadi-
cated that chis value was based upon '"recent Califormia audic daca
of medium heavy-duty trucks."§/ Ford's writtenm commencs of
06/23/79 contained a table of s/LMT data (Section V¥, Table I, »pg.
9). The highest reported median value was 0.20 for California
audits of passenger cars. The medium=duty truck daca ciced at the
hearings by Ford cturmed out 2o be 0.08 for HC and 0.12 for CO. WNe
menticn was made in che submission of che racher large drop in
$/IMT values. Thac che change was intended is verifiad by the fact
that che markings of various s/LMT racios in Ford's grapanical
oresenctation from the hearing were wnited ouc on the 06/29/79
submission. Furthermore, Ford continues cc use the 0.26 value in
its illusctracions of the effects of the L0 percent aAQL, but nas
dropped any reference to its representing cheir median value.
Beducing variabilicy from Ford's origimal 0.24 value co the
0.08-0.12 range would radically change the czargec values which Ford
would project by its own wmethodology. Using their un-modified
presentation, such a change would move the :target level for a 190
percant AQL 2o approximataly the lavel origimally derived by Ford
for the 40 percent AQL. Thus, Ford would now have to acknowledge
che feasibilicy of che [0 percenc aAQL.

There (3 some possiblicy that as the level of emission de=-
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clines, che s/x vratio may increase somewhat. Therefors, chis
analysis will use the Ford California passenger car daca (for
venicles certified co 0.41/9/1.5 g/mile) to escimace fucure heavy-
duty variablity. The Ford daca is presented as 3/LMT racios rather
cthan s/x ratios as desired. However, Ford indicaced in ics 06/29/
79 supmission, ac pg. O, that currentc vehiclas are such that
£ L3 aporoximacely =2qual cc or slighcly les ctham LMT. Therefore,
currenc 3/LMT dacta will be used to escimace the current s/x value
as well.

from Figure VII-6, wich s/x = 0.2, che value of x/LMT is given
as 0.82 for a 40 percenc AQL and 0.65 for a 10 percenc aQL.

Imisgion racss for che two AQLs can aow Je calculacad. The [0
secceat aQL case has already been donme ian seccion lb for che
transient GCa2sC procadures. Lifecime emissions were calculated co
pe 0.17 cons H4C and 2.4 coms CO. for che 40 percent AQL caase,
using the same mechodology as seccion lb, emissions can be expres-
sed as:

HC = 0.83 + 0.04(4/10,000) + 7{2.4 - 0.024(M/10,000)] (VIL=-i3)
CO = 7.5 + 0.52(4/10,0000 +« F{81 - 0.30(4/10,000)] (VII-14)

Lifetime emissions calculated FErom aquacions (VII-13) and
(ViI-14) are 0.2] cons HC and 2.9 tons CO. The net logs of bene=-
fics for a 40 percent AQL versus a 10 percent AQL is chen 0.17 -
0.21 = 0.04 zons HC and 2.4 - 2.9 = 0.5 zons CO.

b. Costs

EPA beliaves chac a 10 percent AQL versus a 40 percenc AQL
would mean some iacrease cost for hardwars <o meet lower sngine
target levels plus an increase in self auditc amd quality conerzol
program costs. EPA Delieves chat engine target lavels are suffi-
cleatly close cogecher that the same cacalyst system would De used
for eicher. However, the 40 percent AQL could allow a rsduction in
the size of the air pump required. Chapcer ¥V has ascimaced che
cost of iacreased air pump capacicy as 3§26 (before profit and
overhead markup) for the 10% AQL case. For che 402 aAQL case, a
savings of $10 will be used ($12.90 wich marxup) for che air pump.
Manufacturers designinsg 2o the 40 percent AQL case would probably
also have somewhat more freedom in choosing how far away from Che
engine to placa the cacalyst, buc chis would oot have a subscancial
cost impacct.

In addicion to the $12.90 for hardwars, the coscs fer che 10
percenc AQL c¢ase iaclude expenses for inctermal qualicy concrol
programs and self audics. Qualicy control program coscs «will be
the same for sither AQL. However, at a (0% aQL, =zanufaccurers are
axpectad o increage self audit ratas o more accurately determine’
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the 90 percent compliance level of cheir produczion engines. The
40Z AQL case will use a self audic ratea of 0.2 percenc, wnich: is
typical of light-ducy vehicles now operating with a 40Z AQL. For a
102 AQL, chis will be increased to 0.6 percenc the firsc year, 0.5
perceat the second vear, and 0.4 paercent for the third and subse-
quent years. The change in cost associatad with thesa self-audit
rates 1s $3.77. Toctal differeacial cost for the two cases is then
$12.90 (hardware) + 3.77 (audit rates) = $16.67. This €figure is
used in Tabla VII-l to computa cost effactivaness.

6. Inspection and Maintenance (I/M)

The analysis which has been done so far has contained no
specific reliance on I/M programs. In che overall rulemaking
neither specific benefits anor costs for I/M programs have been
included. However, there are ways in which I[/M would enhance the
effectiveness of che rulemaking and help insure full realizaciom
of possible benefits. Therefore, gome discussion of [/M in rela-
tion to this rulemaking is appropriate evean though it is not
required by the regulations being promulgaced.

In the context of this rulemaking package, I/M can be viewed
as an "insurance policy" for many of the benefits. The presence of
an I/M program, which EPA expects would be implemenced in those

-areas requiring maximum benefits, will insure against neglect or
abuse of emission relaced systems by the vehicle owner. The two
principal areas when this might occur are misfueling with leaded
fual or tampering with emission relaced hardware.

ZPA has ascimated chac misfueling in light-ducy vehicles
occurs in up to 8 percent of the vehicles, with perhaps 6 percent
of these being persistent misfuelers (leading to catalyst poiso-
aing).]/ There are no correspouding escimaces for heavy=ducy
vehiclas siace catalysts have yet to be used. However, something
similar seems possible. The incentive for misfueling is largely
an economic one, due to the lower cost of leaded fuel compared to
unleaded fuel. In am area having an [/M program, the vehicle owner
would be faced with a much more powerful economic incantive
against misfueling. This incancive would be the cost of replacing
the vehicle cacalyst, which would be nearly $500, should he £ail
the I/M cest. Rather than incur this expaense, EPA believes the
owner would avoid wmisfueling his vehicle. Thus, I/M iasures
againsc che loss of bemefits which might resulc from misfueling
without actually generating che costs associatad with cactalyse
replacement.

A similar sicuaion would occur in relatioan to tampering.
Current engine systems are easy Go adjusc, and could be adjusted
differencly for an I/M cesc cthan cthey are for normal operacion.
For future enginas this will aoc be che case. Eagines complying
wich the parameter adjuscment ragulations will be difficulc co-
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adjust in such a way as to adversly arffect emissioms. The poc-
antial for coscly repairs from failure of an [/M cesc {(such as
redlacing a damaged carburecor) would caxe the occurrsace of such
malad justment unlixely. Other forms of campering, such as removal
of the catalyst or other compomencs, would also be difficulc eaough
zo be detacvred by the aeed to pass an amnual L/¥ iaspeccion.

The above scenario allows a rough escimate to be made of the
benefits an I/M program mignc realize. Assumpcions are as follows:
8 percenc of che vehicles would be aisfueled iaicially, withous
/M. Their cacalysts would fail czo che [979 2ngine level used
earlier for failed cacalysc emission races. am addicliomal 4
percent Oof che cacalyscs will be escimaced co have failsd oy che
end of the average useful life period due to vccasional misfueliag.
This is aquivalent to 2 percenc failed over che wnole life in tarms
of emissions. Tampering will be accounted Eor by iancluding an
additiomal S5 percent. Cacalysc failures would cthen zotal co 6
percent + 1 pergent + 5 perceant = 13 percenc. Aftar the fashiom of
the calculacions done ia section 1D above, chere will be a 1]
percent shift in emissions f{rom rates for operating cacalyses o
rates for failed caralysts. Referring co the aquactiocns immediacaly
preceeding =2quacion (VII-7), the change ic emission can be ax-
pressed as:

BC imersase = 0.13((3 +0.02(%/10,000)) = (0.5 + 0.035(}/10,000))]
CO increase = 0.13((38 + 0.22(4/10,000)) - (5.9 + 0.41(10,000))]

Lifetime emission benefit of the I/M program usiang chese
relacions i3 0.07 cons HC and 2.3 cens CO.

Cost for che I/M program comsiscs of a $5 anmual inspection
fee. Cun che belief thac L/M will decer che problems of misfusliag
and tampering, no other new coscts will be incurred. The fze coscs
over the venicle life (8 years), discounted co year of sala, are
$29.34. This i3 used to compuce che cost effactiveness found in
Table VII-i.

Lt could be argued chat once an [/¥ program is put in place to
deter campering and misfueling, that some of cthe benefics derived
from ocher components of che overall regulation (paramecer adjusc-
menc, useful life, allowable maingenmance) could de secured by I/M.
Bowever, it is che intent of cthe regulacory stracagy to force the
design of durable emissiou coutrol syscems chac are noc highly
suscepcible to mal-maintenance. It is less coscly for the consumer
to pay for these faatures as part of the aew venicle angige design
than to have to secure maiancemance cr replace parcts lacer om. If
the parametar adjuscment, Efull useful Llife and allowable maincen-
ance provisicns of che tregulacions were dropped in favor of reli-
ance of an I/4 program co obcgia che relaced benefizs, che cost of
field wmaincenance and replacement catalysts would them have o e’
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charged to the I/M program. Considering the catalyst situacion
alone makes this approach much less efficient tham the approach of
recaining all parts of the regulatiom package and backing it up
with [/M. We have previously estimaced the incremental cost of a
full life versus a half life catalyst to be 358. The cosc of a
replacementc catalyst coansidering aftar-mariac parts markup is about
$441.

7. Idle Test

The idle standard applies to CO emissions from gasoline fuelad
engines. 3ased upon the idle emission data now available co EPA,
any a2mission raduction brought. abouc by the need o certify o an
idle standard would be minimal. However, the need o maincain low
idle .emissions in comneccion with implemencacioan of Seccion 207(b)
of che 1977 Clean Air Act Amendments, and I/M programs, would
produce an emission reduction for in~use vehicles. This is further
discussed in che Idle Testc portion of che Summary and Analysis of
Comments.

Costs associaced with implemencacion of the idle test are only
the actual cost of rumning the additional certification ctest. Neo
new Cast equipment Ls required. There i1s also no impact on other
costs (e.g. control hardware). Expressed as a cost per aengine, the
costs are negligible. Because this is so, a cost affectiveness
computation would not be meaningful and will not be attempted.

E. Diesel Eagines

1. Overall Rulemaking

Tc estimate the benefit of the overall rulemaking for diesel
engines, we will firsc calculate emission rates actributable to the
new standard, and them compare these to the 1979 in-use flaac

.emissions. The analysis for diesel engines will focus oaly on HC,
because CO emissions from diesels are sufficiently low as to be
unaffected by the naw sczandards.

In section 7 below, it is estcimaced that for a 107 aAQL, the
production ctarget level emission rata would be (0.72) x (standard
- DF). The 0.72 factor accounts for the necessary margins to have
a 90 percent scatistical confidence of passing an assembly line
audit. The DF in this case is an additive deterioracion factor
over the useful life to which an engine is certified. An additive
DF i3 used becausa historical data is available in chis form.
While the Ffull lifa for diesel engimes is aporoximacely 475,000
miles, that lifetime includes ome or more engine rebuilds.8/ The
benefits and costs cto be escimaced for this rulemaking will be for
the antire 475,000-mile Life. Engine rebuilding 1is doune for
performance reasoas oaly and is not required or substancially
affectad by these regulations. Compliance with this rulemaking is
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not expected to affectc diesel engine operacing costs, malatenanca
costs, or rebuild coscs. As an 2agine aporoaches che rebuild
point, icts emissions will cend to increase somewnac. aAfcer re-
build, che emissiocn races are expected Co De recurmed co a level ac
or slightly below rhat expected from extrapolation of cthe linear
DF. The aet emission impact of che rebuild operacion will there-
fore tend Co cancel Che excess emissions which ocgurred prior Go
the tebuild. Fur this analysis thea, no special sceps are takea Lo
include rebuild emissions and a single DF will be assumed adequate
on average. The useful life for cercificaction purposes will be the
estimaced mileage co angine rebuild which is approximacely 250,000
miles. From 1979 cercificacion daca, the sales weighced DF for HC
is 0.023 g/38P~ar for 100,000 miles. Lacxking & becter estimace,
the ctransient DF race will be considered to be the same as che
13-mode rata. For 250,000 amiles this values becomes apoproximacely
.06 g/BHE=hr.

The production carget emission level i3 thus 0.72 x (1.3 -
.06) = 0.89 z/BHP-ar. Combined with the above DF, che average
lifetime emission rate can be calculated by evaluating the value at
nalf of che full life, or 237,500 miles. This correspounds co .89 +
.055 = 945 gz/BHP-hr. Conversion of this average rate to toms over
the vehicle lifetime can be done after the manner developed ia
section D | (a) above for gasoline-fueled sngines.

Tocal I« braxe specxf}c < dguaxcy ¢ 3verage uggful
Tons gHP=-nr fuel counsumptica =~ of Gfuel @.p.3- life
Tocal 2 X 3HP-hr < 7.1 lb. fuel < zallons
Toas 3HP-ar .63 Lb. fuel gal. fuel 7 5.3 amiles
475,000 miles tons

lifecime 434 x 2,000 gm

winich becomes
g/BHP=-hr x 1.49 = Lifecime Toms.

Using che conversiom facror, cthe lifecima emission for a diesel
vehicle becomes 0.945 x 1.49 = 1. 4] cons HC.

Lifecime HC emissions for the 1979 in~use fleet wnich make-up
the base case for overall benefics have been calculaced io Chapcer
IV as 2.18 ctons. The net benefit of che completa rulemaking for
diesel engines is chen 2..8 - 1.41 = 0.77 zons HC.

The cost of the overall rulemaxkiang for diesels has been
developed ia Chapter V. Discounced coscs per eagine are broxen
down in Table V-LL. Applying the profit and overhead factor of
[.29 developed in Section B-~l of Chapter V, cthese costs become:
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ltem Cost Per Engine (discounted)

R&D 42.74
Cartification Testing 7.99
Certificacion Facilities 49.57
SEA Facilicies 29.27
SEA Testing 1.87
Self-Audicing 20.51
. Hardware ) 43.06

Tocal 195.01
Caost affectiveness results are givea in Table VII-2.

2. Trangient Test

The implementacion of zhe transienc ctest procedure is a kay
element of the program for diesel engines. The need for the
purchase of new electric dynamometers to replace existing eddy-
current dynamometar results in comsiderable cost for diassel
engine manufacturers. A large aumber of cowmencs were received
during the comment period questioning the real aeed for the trans-
ient cesc procedure for diesel engines. The "test procedure” issue
of the Summary and Amalysis of Comments treats all these comments
at leagth. 1Ia thac issue, che benefits of coamverting cto the
transient cest are also calculaced. Those resuylts will bBe used
‘here.

Briefly summarized, diesel engine families were examined on a
family by family basis. For each family, che additiomal reducction
in emissions obtained by implementing che transient test was
calculated in comparison to implemencing a 13—wmode scandard derived
from a 90 perceat reduction from the 9-mode gasoline-fueled engine
baseline. These results were then sales weighcted for the overall
fleet.  In order to make comparison between Ll-mode and transienc
emission reductions, some means of estimacing the ctransienr emig-

- 3ion rate associated wich a given l3-mode emission rate was aneeded.
This was done by usging the limiced cransient tast data on diasel
engines co estimace a transient to l3-mode tatioc. Based upon 10

-availiable pairs of testc data, this ratio is 2.40. The sales
weighted average reduction per emgine is 0.49 toms HC.

The emission benafit that could be expected from implementing
the 90 percent reduction on the sceady-scata (90 percenc from che
9-mode gasoline baseline) can be derived from zhe difference
between the overall rulemaking and cthe benefits just estimated for
the transienc testc. This value is 0.77 = .49 = (.28 tonms.

Changes in costs relaced to choice of test procedure include

davelopment costs, hardware costs, and test facilicy costs (cerci-
ficacion and SEA). All of these would decline if ghe l3-mode
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standard were adopted iasctead of cthe cZransienct standard. Cost
items given ia sacctioan | chac would change, are given below:

lcem Cost with Transient Tesc Cost with |3-mode
R&D 42.74 11.63
Cart. Facilicies 49.57 .00
SEA Facilicies 29.27 16.72
dardware 43.06 26.07

Nec change in cosc = $110.20.

The aet change in cosc is zhe cosc assocliaced wich implemen-
ting cthe transient ctast procedure and its rslaced scandards. Tocal
cost for cthe l3-mode test can be compuced from zhe above as $195.0l
- $110.20 = 384.81.

The decrease in R & D and Hardware costs are associaced with
the fact that che l3-mode scandard would be easier for diesel
engines Co meect. The revised values were dacermined in Che same .
fashion as the original cost in Chaocer V. 1979 certificacion daca
vas reviewed, and using an HC targec level of 0.7 (10X AQL and a
standard of 1.0), engine family specific escimates of R & D and
nardware ccosts were made.

Facility coscs declined because wich the ll-mode testc manufac-
turers will not need to purchase nev dynamomecaers or CVS sampling
syscems.

3. Redefinicion of Useful Life

Considering che current durability procedure as corraspoading
co a 100,000-mile useful life, the difference in emissions decween
that and a 250,000—mile useful lifs is relaced to che shifc of
produccion cargec levels due to the shorter liferime. Based upon
the DF used earlier, che shift ia production targec level would de
0.0345 z/3HP-hr giving .05 touns net change in emissions over cthe
cocal engine Llife. This change ia carget smission levels i3 small
enough as ¢€o preclude che idencificacion of specific associaced
cost changes. It is only possible to say that a small change in
scringency would be expected to produce some small change in coscs.
3ased upon angineering judgement, this cost will be estimaced as $2
par eagine.

4, Paramecer Adjustment

Siace at this time no parameters have besn ldentified to be
adjusted under these regulacions for diesel 2ngines, these will be
no emission bYenefic for diesels. Lixewise, these will be ao
cost.
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5. Allowable Maintenance Resctrictions

Thess rtegulations principally affeet curbocharger and fuel
injeczor service iatarvals. All but one of the major manufactursrs
already specify turbocharger iatervals cousistent wich the regula-
tions. The one excepcigm, Mack, does not seem to have any unique
situation maxiang tha shorter interval necessary. Rachar, it seems
co reflect a more conservative approsch 2o spesifying maizfenance.
EPA does noc believe Macx would have any difficulty meering che
raquired isgervals, nor would ic incur any sigmificant cost.
Injector changes to meet che regulacioms, if any, would e incor-
ported inco the wmuch more significanc changes in lnjectors neces-~
sitaced by the smission 3standards themsalves. Those changes have
bean escimated in Chapter V¥ ag $20 per angina.  The impacec of the
allowable wmaintenance regulaticas will cherefore be esstimated at
0-35 per engine. By reducing somewhat the need for maiatenance
ac diasel angines, some veduction of in-use emissions mighc be
axpected. Assuming 3 denefit similar co che useful l[ife provi~
siond, a value of 0.05 coms will be used.

6. Selacrive Enforcement dudicing (SEA)

The question at issue with regard to SEA is the choice of adl
to be implemented. GSvaluacion of the 10X aQL will be made in
ralaction 2o a 40% aQL. The impact of che AQL oo emissions is to
‘allow a nigher production engine cargec level in order o pass an
SEA audir wich a &0%2 AQL inacead af a 10Z AQL, all ocher chiags
being the same. The amount of change cao be calculated by scandard
statiscical cechniques. The method used hera is based upca the
standard "t" statiscic and 1is similar to that usged by Cacerpillar
to escimatz carget lavels ig ics comments on che rulemaking.
Needed are the desired confidence of passing ag audic and produc-
tion variabilicy {ccafficiamc of variacion). A coafidence level of
90 parcenc correspands to that generally used oy marufaccurers.
Concerning the coefficient of variatiom, the only data submitted
was by Cacerpillar, and chat data indicaced thac a value of 0.lé&
<as represencacive.3/ This value has been used in these calcula-
tions. Larer daca submitcaed afcar a requestc to Mack indicaced chac
for 1979 engines che coefficienc of variacion was in the ramge of
.08 te .16.10/ Earlier Mack daca had supported che 0.16 value.ll/

The formulas and :ypical calcuiagions for escimaciang produc=
tion target levels c¢an be found in seccion E of Appeadix A.
Resulcs depend upan boeh tha ccefficient of variation and cthe
number of preproduction engines evaluated. For a range of chese
values, the racio of producticn cargec level (x) to cthe staandard
minus the DF (LMT) would be as Sollows:
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10Z aQL 0% AQL

No. of /1T L/1MT 3/1LMT X/LMT

angined (cove(.l8) (cov=d.20) (cov=Q.168) (cov=(.20)
3 0.72 0.83 .85 .82
5 0.76 0.72 .90 .38
7 0.727 0.73 .92 .3Q
These resulcs indicace che {lexibilicy in cargec levels. A

higher coefficianc of variacion could lead to a lower cargec lavel,
or a manufaccurer could casc more sagines and retain che same
target lavel.

Based upon a coefficienc of variaticn of 0.l5 and a sample
3ize of 3 2ngines (which seems most characteriscic of current
praccice), target value ratios of 0.72 (10% aQL) amd 0.85 (4Q0Z aQL)
will be used. Production carget levels are found by subtracting
the appropriate DF from the standard and :zhen applying che AQL
faccor:

10Z_aQL
0.72 (1.3 - 0.06) = 0.39 g/BHP=hr

40Z AQL
0.35 (1.3 - 0.06) = [.05 g/BHP-ar

A3 shown in section l, the average lifecime amission rate musc be
increasad a small amounc (0.055 z/BHP-ar) cto accountc for degariora-
tior. When cthis is done, lifaCime smission rates for two AQL's can
be calculated to be:

(0.89 + 0.055) 1.69 = 1.4] cons HC 10Z aQL
(1.05 + .055) 1.49 = [.63 cons HC 402 aQL

The net benefit of che [07 AQL versus che 40Z AQL is cthen
1.65 = 1.41 = 0.24 tons.

Cost differences associacad wich the ctwo AQL values include
development costs, SEA cesciag coscs and self audicing cost.

ltam Costc ac 10Z% aqQL Cast at 407 AQL
R+D 42.74 39.78
SEA Tes:ting 1.87 2.33
Self Audiciag 20.51 16.19

Ne: change in cost = 6.82
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The net change in cost s the cost associated wich implemen-
ting the 10X rather chan the 40Z AQL and i3 used co escimace cosc
effaccivensss in Table VII-2. The changes in R & D costs were
escimacad on an engine family by engine Ffamily basis, as abave
for che cost of the cransiemt cest procedure. Change in production
target levels were not great enough to affect hardware costs. SEA
testing costs increase slighecly for the 40 percent aAQL, reflecting
the increased average aumber of engines expected to be tasted ¢o
arrive ac a pass/fail decision for a 40 perceat AQL wversus a 10
percent AQL (15 engines wversus 12 engines). Self audicing coscs
reflect a change in self audic races. Self audit costs are
based upom an audit rage of Q.2 percent for a 40 percent AQL. For
a 10 percent AQL, self audic ractes are assumed to be 0.6 percemt
the Eirsc year, 0.5 percent cthe second year, and 0.4 perceat
thereafter. Quality c<ontrol program coscs ($12.90) remain un-
changed. '
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Appendix A

REVISED EMISSION FACIORS FOR HEAVY-DUTY
GASEQUS REGULATORY ANALYSIS

A number of changes cto che MOBILE~{ factors and the air
qualicy model iaputs are needed for che final analysis of che
heavy-ducy pacxage. Transient daca on old and aew leavy-ducly
angines can be used Co updace emission factor estimates. For-
fucure scandards, emission rarget levels for manufacturing produc-
tion have Deen idencified, and projected in-use derarioration ratas.
established for the componencs. of che final pacxage. Growth rates
for regional heavy-ducy gasoline (HDG) and heavy-duty diesel (HDD)
vehicle miles ctraveled (VMI) need to be adjusted cousiscent with
projected increased dieselizatiom rates. Light-duty cruck emission
factors appropriate to the proposded LDT pacxage are also ueeded,
and dieselizacion of LDT3 needs evaluacioa.

a. Incorporaca HD Trangient Dacta Langto Emission Factor Zgua-
tions )

Heavy-Duty Gasgline

The DF's are based upon Llight-ducty experiemce with wvarious
emission coucrcl systems. The EPA cransient Cescing program for HD
engines has aot provided ‘daca ac chis time co revise the DF's, 30
they will remain as is.

The 1969 baseliae engines were averhauled prior to cescing and .
will be agsumed to be at their aew venicle emissiom races. While
chis i3 not stricctly ctrue, residual decerioracion associated wich
bagsic emgiane wear should be quite small (wictness cthe near-zero DFs
from cercificacion durabilicy engines). The '"pre-i970" HDG aew
vehicle emission race will cherefore be revised co 2qual che sales
waighted 1969 baseline values. The 1969 baseline daca rteprasents
81.5 percenc of 1989 sales of HDG engines. ’

1972-1973 baseline daca is availabla at chis cime for seven
engines represenciag 46.43 of 1973 sales. Thiy daca «ill be uged
co updacte the 1970-73 factors. There is insufficient daca 2o
discinguish 1970-1973 from 1974~1978 and a single factor will be
used for both. The 0974 HD scandards were not of such scringency
as to produce ‘any significanc change ins HC or CO emission comntrol
hardware. During che period of interest for our air qualicy
analysis (lace 1980's and beyoud), vehicles of thac vintage will
have only a minor impact oa overall HD emissioms.

1979 baseline data is availaole ac this cime oa' |2 engines
represencing 86% of 1979 sales projection.. This daca will be used
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to updace the 1979-1983 emission faccors. Noce chat che analysis
will use 1984 as the first vear of implementacion for the new
standards and tramsient test procadure.

Since the 1979 Dageiine data 13 from certificacion engines,
some allovance needs to be made for the difference decween chose
engines and productioa iine enginoes (3iace rhere was ao SZa
program) This will be done by <stimacing the historic ratio of
certificacion levels to new engine smission rates.

In Figure 4 of zhe "Summary and Analysis of Commencs £o the
NPRM: Revised Heavy Ducy Eagiloe Regulatioas for 1979 and Lacer
Model Tears”, cthe sales weighced cercificacioan levels for 1974
neavy-ducy angines are given as %.3 (dC)/24 (CO) g/BHP-ar on che
9-mode cesc. The revised Cransient amission factor for chac vear
darived from che 1972/1973 basaline program (Table la) is 12.7/211
g/mile new venicle =zmission rate. To compare chese cwo rates it is
necessary Co 2scimace che cransienc smigsion levels associatad with
che 1974 9-moda certificacion lavels. These are estimatad ac
9.6/143 g/mile. (The mechodology for cthese sscimactes can bde found
{n Chapter VII. Lz iavolves astimacing an aporoximate cran-
sient g/BEP-ar level corresponding co che 9-mode sceady-3atace
level, and convertiag chac lavel to g/mile.)

From zhe above two data secs che racio of new vehicle emission
rata (g/mile} co certificacion lavel (g/mile) can be estimaced ac
12.7/9.6=1.3 for HBC amd 211/143=1.43 Ffor CO. Thege racios ware
applied to the 1979 Dbaseline rto derive che new vehicle amission
racas for 1979-1983 in Table lA.

Heavv=Duty Diesel

AL this time, transient ctest daca on diesel eagimes is ex-~
tremely limiced. This daca will Se used in two diifsreat manners to
estimace HDD emissiom factors. The firsc, which (s probably
somewhat more accurata, but is also counsiderably more complicaced,
will be used to escimace HC races. The second will be used for CO.

For HC emission rates, the wmethod 1s based uponm that appcoach
developed co svaluate the cost effectiveness of che tramsisnc test
‘procedure for HC control. Since CO from HDD will not be affected
by che aoew procedure, CO was unot avaluaced. Decails of cthe cal-
culacious are found in the "Test Procedure” section of the Summary
and Analysis of Commencs. Available zast daca on diesel sagines
from SwRI and Cummins was used co escimace an approximace racio of
cransianc HC emissions cto [3-mode HC emissions. This ratie is
gscimated ac 2.40. Since there were relatively few 2ngines
tested (10 uged for this ratic), rather than use the transient HC
emissions directly, the racio was applied to 1979 certificacion
daca to escimate 3 sales weighcad 1979 cransient emission resulc.,
The cercificacion daca can be found in Tabie 3 of the "Test Pro~"
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Table 1-A

Reviged Exhaust Emigsion Rataes
Heavy=ducy Gas Vehicles

For All Areas Except California and High Altitude

A (g/mile) 3 (g/mile)
New Vehicle Decerioration ace
Pollucant Model Year Emission Rata (Per 10,000 Miles)
HC Pre=1970 18.3 0.58
HC 1970-1978 : 12.7 0.53
HC 1979-1983 6.3 0.53
co : Pre=1970 228 3.06
co 1970-1978 211 6.15
co 1979-1983 - 210 6.15
Table 1-B

Revised Exhaust EZmission Races
Heavy—-Duty Diesel Venicles
For All Areas Exceot California and High Altitude

A (g/mila) 3 (g/mile)
New Vehicle : Decterioration Rate
Pollucantc Model Year. Emission Rate (Per 10,000 Miles)
HC Pra=-1984 4.0 0.007
co’ Pra-1984 3.7 0.11
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cedure" writa=up. The sales-waighcad l3-mode certification resulc
from that table is 0.5394¢ 3z/BHP-nr un che l3-mode cesc. This
converts %o .594 x 2.4 = 1.42 g/BHP-nr astimaced 1979 cransienc
emission level. To comnvert to g/mile involves the relacion between
fuel consumption per 3HP-nr and fuel consumpcion per amile of cTuck
travel:
% BHP-hr . ib fuel < gallons
BHP=h7 Lb fuel per gallon ’ mile

= g/mile

from the SwRI ctestc dacta, fuel/BHP-ar is esctimaced ac Q.43
lb/ 3HP=-ar. :

The densicy cof diesel fuel is 7.1 lb/galloa. Fuel economy was
derived from fuel economy daca £for -various HDD vehicle classes
combined wich projecced sales splics Zo give an overall sales.
walghtad fuel 2conomy for currenc diesel engine of 5.3 mpg.

Using chese uumbers, the conversioan factor is:

7iT e 5.8 - %

The resulcing escimated diesel HYC emission race is 1.42 x 2.85
a 4. 047 g/uile. This number iy based upoa 1979 certificacion daca,
winich includes decerioraciom faccors, if any. The sales-weighted
1979 certification DF3 are 0.023 for HC and 0.38 for CO. These are
addicive values over a durabilicy tesc approximacely aqual co
100,000 miles. The zero mileage amission rates for diesels are
found by removing che DF. In g/mile, chese DFs are .066/100,000 @i
HC, 1.08/100,000 mi CO. The resulcting H4C emission race i3 J.98
g/mile. Considaring the accuracy of cthe various Laputs to zhis
calculacion, the result will be rounded cto 4.0 g/mi. Exiscing
amission factors suggest thac cthere is licctle or no year-co-year
variacion in HDD emission factors, therefore, a siagla factor will
be escimated for all pre—~1984 HDD engine.

for CO emissioms, che available CO daca was used direccly. Ino-
dividual engine results are tabulaced below:

HDD Transienc Tesc Daca (g/mile)

Eagine co
1978 Cacerpillar 3208 7.14
1976 Cummins NTC-35Q 16.64
1378 Decroir Diesel AV=92T 8.66
1979 Cummins NTCC-350 8.53
1378 Decroic Diesel 3V-71N
#1 fuel 9.43
#2 fuel 10.91
1979 Decroic Diesel 5V-92TA
"1 fuel 3.57
#2 fuel &.40
Average: §.66
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Since these rasults are for new or nearly anew-angines, ao zero
mileage DF ad justmenc i3 aecegsary. HC and CO emission factors are
included in Table l-B.

B. Modify Baseline Emission Invencorv

Since the 1976 baseline emission invencory for boch HDG and
EDD has been compuced based upon the exiscing emission facZors,
these values should be adjusted to account for the change to new
factors. This should be dome for each area analyzed -by apolyiag a
correction ractio.  The correction racio would be decarmined by
compucing 1976 compasice emission factors using che old and chen
che new emission facror 2quactions. The ratio of cthe new composite
faccors to the old ones would be used to correct the basaline
emission iavencory,

C. Develon Escimatas of Future HD Emission Factors

Heavy-Duty Gasoline

Given che existcence of an SEA program, scatiscical relaction-
shipa can be escablished between the standards and che design
values of emissions. Decermining factors are the low mileage
targec (which is equal to che standard divided by che déterioracionm
factor), che emission variabilicy, the aumber of preproduction
engines available for cesting (cypically 3), and the desired lavel
of confidence chat production engines wouid be able to pass an SEA.
The details of the necessary calculations will be found in Chapter
VI1. ' for HDG, chey are based upon a modificacion of the approach
used by Ford and allow for an 80%Z coufidence thac the "manufac-
turer's risk" during an SEA would be ao more tham l0Z.

In addiction to new vehicle emission races, estimates of
deterioracion races are also needed. Expeccted deterioracion rates
for cthe catalyst syscems to be used on HDG engines have been
analyzed in the Analysis of Comments for the rulemaking (see the
"asllowable maincenance’" issue). Thac analysis indicates chat a
catalysc DF of 1.7 over 100,000 miles should be reasonable.

The resulcing emission races are calculaced ia Chapcer VII,
Section Dlb to be:

HC = 0.50 + 0.035 (M/10,000) g/BHP-hr
CO = 5.9 + 0.41 (4/10,000) g/BEHP-hr

These can be converted to grams. per wmile,. again based upon
information in Chapcer VII, Section Dla. The conversioa factor is
1.74, and yields che following resulcs:

BC = 0.87 + 0.06 (4/10,000) g/mi
CO = 10.3 + 0.72 (M/10,000) g/mi
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Because of such aspects of the final rulemaking as the crans-
lent tast, parameter adjuscmenc, full Llifas useful lifs, allowable
mainctenance and SEA, Lln-use decerioratiom races are axpected Go
correspond closely to cercificacion levels. However, as cacalyscs
approach the end of their useful ife, a small aumber of cthem can be
axpected to fail. Therefore, average HDG emission racas will
inerease somewhat near the eand of che useful life. DProjections of
catalyst failures made in the rvcegulacory analysis indicate thac
approximacely 15% of the caralysts would fail. These are dis-
tribucred according to a Weibull digcribucion, and are assumed zo
fail to che level of a well maincained 1979 engine.

Vehiclas wich failed catalysts will be assumed to emic at
lavels corresponding to well-maincained 1979 engines. The zero=-
mileage emission ratas will be zakea from cthe ZPA 1979 HDG baseline
daca. The DFs will be chose derived in Chapcar VII, Section Dla,
couverted to z/mile:

HC (failed cacalyst) = 4.9 + 0.035 (M/10,000) g/mi
CO (failed cacalysc) = 145 + 0.38 (M/10,000) z/mi

If 7 is the fraction which has failed, chea the average
emission rate can be developed as follows:

5C (average) = [0.87 + 0.06 (M/10,000)]({l-F] + (4.9 + 0.035
(M/10,000) ] (F]

HC (average) = 0.37 + 0.06 (M4/10,000) + 7 {&4.0 - 0.025
(4/10,000)]

Co (average) = (10.3 =+ Q.72 (M/10,000)1(i-F] + {145 + 0,38
(M/10,000)](F]

CO (average) = 10.3 + 0.72 (¥/10,000) +~ F [135-0.34 (M/
10,000)]

These finmal results are given in Table 2.

Heavy=Ducy Diasel

New vahicle hydrocarbon emission racas for diesels were
astimaced following che procedure used by Caterpillar. This mechod
escimares che maximum desired production mean level based upon the
aQlL and variabilicy and then escablishes a target level to assure
attainmentc of the desired production level based upon a small
sample of pre=produccion sangines (e.g. 3). The calculations are
given in Chapter VII of che Regulatory Aamalysis. Expressed in
g/mile, the zero mileage emission racte is 2.5 g/ami.

8DD carbon monoxide emission races fall below the final
standards and ctherafore continue at che level of exiscing engines.
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Taole 2

Projected Exhaust Emission Rates
For All Areas Exceot California and High Aleicude

Apolicable to 1984 and Lacer Years

Heavy=-Duty Gasoline

HC = 0.87 + 0.06.(M/10,000) * FH[A.O-O.OZS (M/10,000)]
CO = 0.3 + 0.72 (M/10,000 + FHIIJS-O.JA (4/10,000)]
‘Ahere,

M = Mileage.
u 3
Ty = Fractiom of failed cacalysts = l-exp[]/ ' \]
211,726
Haeavy=Ducv Diesel

HC = 2.5 + 0.007 (M/10,000)
CO = 8.7 + 0.11 (M/10,000)

Lighc-Ducy Trucks

HC ='0.39 + 0.016 (M/10,000) + FL[l.S + 0.022 (M/10,000)]
CO = 4.8 +# 0.17 (M/10,000) + FL[18.6 + 0.30 (M/10,000)]

Where,
3

£ oo leexp(A % N1
LT 'és?,_mp
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The resulring aquacicns are found in Table 2.

0. Growth Racas for VMTs

The tollback model usually assumes a common growch race for
HDG and H4DD, which has been based to some axteant upen the pollucanc
in quescion and the ambienc problem associated with chac pollucant.
That i3, CO, which 13 seen as an urban covre area "hot spoc’ prob-
lem, is limiced zo low growth on the assumption chat urban core
YMTs are near sacuraction levels. HC, on che other hand, can
increase ac a greacar race because of che broader regional impacc

of HC &missions. One and cwo percent growth races,

have been used for. these pollucdncs.

respectively,

The analysis for che Final 4D Regulacions indicages a signifi-

cant shift in diesel utilizacion races.

negacive growth in che HDG fleec 1is expeccad, while
fleet will increase subsctancially. The analysis indicaces thac che
usual MOBILE-l growch races need Co be adjusted to account for this
change. The results developed below result in growth of 3DG pnlus
HDD VMIs 4ac abour 27 per year, buf apportion chat growth unevenly

becween the two classes.

for major urban areas,
the diesel

Fucure fleec projections used are chose c¢f the Ilaceragency
Studyl/ for che 198C~1990 time period. The :ocals for HDG and HDD

are summarized telow:

Projected HD Flaec Pooulacion 2/

Vehicle Class 3/

HDG III-V jad Vil VIII Tocal
1973 1,595,000 2,442,000 335,000 437,000 4,309,000
1980 1,778,000 2,474,500 299,000 298,000 4,349,500
1985 2,036,000 2,123,000 217,000 184,000 4,560,000
1990 2,237,000 1,582,000 115,000 55,000 4,099,000
HDD :

1973 - 75,000 161,000 718,000 954,000
1980 - 332,500 224,000 1,087,000 1,623,500
1985 - 947,000 314,000 - 1,243,000 2,504,000
1990 - 1,682,000 425,000 1,247,000 3,354,000
1/ "Interagency Study of Posc~1980 Goals for Commercial Mocor

Vehiclas," June, 1976,
2/ Interagency Study, Fig. I-5, I-6.

37 Class III-V = [0,000-1%,500 lb. G¥W, Class VI = [9,500-25,000
Ib. GVW, Class VII = 25,000-32,000 GVW, Class VIII = above 33,000

1b. GVW.

~195-



Over the 1973-1990 period, the total HDG {leec is projec~
ted to dacline ac 'am average rate of =0.9% per year, while che HDD
fleec will increase by +7.7% per year am average. The. overall
fleet is projected to grow at am average rate of +L.52 per year.

Of more dirasct intarest are those portions of the fleet
contributing mostc to urban VMTs (as discinguished from incerscaze
travel, for example). This generally can be done by lLooking at the
lighter weight classes. Classes III-¥V and VI accumulace mcst of
their VMTs on local or short hauls. For these classes, the follow=
ing average growth rates becween 1973 and 1990 are projected (& per
year):

111~V E I111-vI
BDG - +2.0 . -2.2 -0.2
d4DD - +20 *20
Total +2.0 + 1.7 + 1.8

The growth in che size of che fleet will aot czorrespond
exactly to changes in "MTs. The Interagency Raport also prcjected
VMT3s for 1973 and 1990 for local trips, short haul trips, and loag
haul crips.

Annual HD VMT's 4/
(3illions of Miles Per Year)

. 19713
Local Short Long _ Local & Short Tocal
[-hid] 35.8 10.7 3.3 48.5 49 .8
40D 10.4 18.3 30.6 28.7 59.3
Tocal 8.2 29.0 33.9 75.2 109.1
_ 1990
Lecal Short Long Local & Short = Total
HDG - 22.8 S.6 2.0 28.4 J0.4
HDD 42.3 38.8 $56.3 1.1 135.4
Total 65.1 &b b 56.3 109.5 . 165.8

The average annual grovth;ra:es represenced by these figures
are as follows:

Local Short Laug Local & Short Toctal

HDG ~2.6 -3.7 -2.9 -2.9 -2.9
. HDD ’ +8.6 ‘4.5 +3.4 +6.3 +5.0
Tocal +*2.0 +2.5 +3.0 +2.2 *2.5

&/ Incaragency Reporet, Fig. I-7.



Comparing fleet growth rates wich VMT growth races reveals
significant differences. They reflecc a decline in sales of larger
(and highar annual mileage) gasoline crucks and increasing sales
of lighter (and lower annual mileage) diesel trucks. The VMT
projeccions are Cthe mosC appropriate to use since the rollback and
EXMA models work on VMT growch rates. Oun che assumpcioa cthac the
shrinkage in HDG VMTs may be somewhatc oversctated, we will use the
.following growth prcjeccions:

Growth Rate of Annual "™Ts to Use for
alr Qualicy Projeccions

HDG = ~2.02 per year
HDD = +5.0% per year

B LDT Escimacted 1984 Smission Faczors

The: LDT 2mission factors for furure vehiclas require escimaces
of "Sul'l life" decerioracion racres and anew vehicle produccion
- gargecs.

LDT's arae expectced €O continue usiag oxidacion catalyscs
similar to ‘curreac systams. Therefore, similar DFs co curvenc
vehicles are expestad. To decermine a "full life" DF, we assume
catalysts will be sufficiencly durable to lasc the entire useful
lifa and co maintain deteriorarion characceriscics similar co those
observed on current 30,000 mile syscems. The {ull life DF can chen
be daetermined by linear extrapolacion of che 50,000 mile DF. 1979
cartificacicn data yields che following LDV and LDT average DFs:

LDV DF(HC) = 1.20 DF(CO) = 1.18 (197 vehicles)
LDT DF(HC) = L.l8 DF(cCo) = l.l1 ( 60 vehicles)

In cthe interast of simplicicy, a rounded off DF of 1.2/50,000
miles will be used for both HC and CO. Assuming manufacturers
aight certify for useful lives of abour 100,000 miles chis becomes
1.4/100,000 miles.

' Manufacturers base their estimates of production line mean
values upon limited tescting of pre-production vehicles (cypically
3). In ovder to ensure that an SEA audit will be passed with some
desired confidence factor (we will use 90%Z), cheir ctarget emission
levels will, of necessity, be some point below the required level
(because of production variability and the small sample size).
This point can be escimaced by standard scatistical cechamiques,
using cthe "t' gstaciscic. The following relationships will be used:

LMT = low mileage target = standard/DF
@ * maximum desired produciion mean = LMT -1.28s

X ® carget anew vehicle emission rate = m - s (c//M)
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Where,
s = gcandard deviation of emission. lavels-

t = "v" graciscic for 90% confidence level and n=-l degrees
‘of freedom

n = sample size

~ To perform the .calculations, an -escimace of. emission vari-
ability is needed. Data on variability expressed ‘in.che form of .
s/LMT was submitced by Ford in- cheir -commencs om che;LDT NPRM.
Thac daca iadicaced a value of $/LMT of 0.20 for LDVs cercified co
che 0.41/9/1.5 California scandards. This value was higher chan
that found by Ford.om vehicles cercified co higher_scaqdards. and
Ford felt that ic would be even higher at lower scandards.

For our analysis, we will assume thac variability .expressed as
s/x. is essentially conscant. & value of s/x-can be estimaced from
the Tord s/LMT daca. Ford iadicacad in the submission.of -its daca
that currenc engines are such that X is approximactaly. -equal o or
somewnat less than LMI. Therfore, current s/LMT .dta can be: used as
an estimace of the current s/x racio: For angines builf to ameetr a
102 AQL, we will assume cthat 3/x vemains -<onstanc (racher chan
s/LMT) aa x goas down. -To examine the effecc-of 3/x increasing, we
will calculace resulcs using boch-0.20 and 0.24,

Ve have::
x=a-=~s (c/Va)

m = LMT - 1.28s
s/x = 0,20 or 0.24

Combining these we gec, depending om the 3/x racio used:

x o [MT-.20x(l.28+c//T) ot - X ® LMT= 24x(1.28+c//®)
x(1.256+.20¢//%) = LMT or x(1.307+.268/vE) = LMT
x/LMT = 1/(l.256+.20t/yH) or X/LMT = 1/(1.307+.26c//T)

For sample size a = 3,5,7, cthe vesults are as follows:

c x/1MT (s/x = 0.20) /M7 (s/x = 0,24)

ol

3 1.386 Q.68 0.64
5 1.333 0.72 0.68
7 l.440 Q.73 0.70
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Baged..upon.what seems o be che mosc common san{:ke size (3)
and the 's/x = 0.20 racio, we will use an x/LMT ratig of 0.68. The
abomg“ tabulacions indicace thar manufacturers could raise prcduc-
-Lioa- -Cargee - levels by increasing sample size or reducxng vari-
uabx.l;.:y %s—-—axample, if s/x were .24 inscead of .20, increasing

ehe: - sanpi-e:-szge from 3 to 5 would allow maintenance of the same
Eargec valua.

-New -vehicle- emission races for these ratios are:

-Q558, (0‘8/.1 4) =0.39 HC 0,68 (10/1.4) = 4.3 CO

00 000 miles will yield che Eollowzng

‘aqmevo 39750, 016"(%/10,000)
~CO~= 4.8 =+ 19 m/xmoqg)

I THegse rvate§ Would apply co LDTs uncil such time as a catalysc
Cfailury; occurted. " Aa catalysts approach che end of cheir useful
:life, random Ea.:.lures will begia to occur. These Eailures would be
-etpae-ced to follow a-Weibull discribucion of the form:

e e s w esvrg s v

Foa] -wexp-P( ) 1

‘Ona~ofthe principle—usas ~of ‘the “Weibull-“digtribucion is in
“chardcrerizifg ~Iifecime “phenomena,3/ so thac™ic~is well suitad to
-our-~purposess - “To— 9pecify the -distribucion; we will- azssume the
.cacalyst_change poinc of (00,000 miles. corresponds.to a. 3% failure
race (31v1ng the manufacturers 95 confidence of catalyst surviv—
al). " "We WillTEircher assume a "Weibull slope" of b = 3. Based

upon_ :hese paramecers, # = 269,141 miles. A ploc of this Function
LS ‘given in Figure 1. =~ o

"For chose catalyscs that fail, emission rates charactaristic
of well .maintcained, .pre~catalyst engines are desired., Based upon
‘review- of emission- factors for LDT's,§/ new vehicle emission races
of- =9-BEC, 22.4 -CO--will- be- used and combinad with a DF of l.l.

Then:
HC (failed caralysc) = 1.9 + 0.038 (M/10,000)

CO (failed cacalysc) = 23.4 + 0.47 (M/10,000)

J/ Discussed in many statistical cescs. See, for example,
Mscacistical Design and Analysis of Eagineering Experimencs,”
Lipson and Shech, p. 36.

8/ "™Mobilae Source Zmission Factors = Final Document,” :-.PA-AOO/"-
78-005, March, 1978, Table II-l .

-199-



[

S 678291

4

AL
ks

ek

Lo

IR

SN A

i

Ui o

R

WEIBULL PRCBABILITY PAPER

2

RS

-
o

ZAG

Figure a-1

Catalyst Failure Rares

0 2R

8 9 ICoCCe

-200-

-

g

é

5

TFEICLE MIL

Light-Ducty Truck Escimarad

. -

'p mmigs *

o

ke,

e

- |_|n RN PR
’ L
I N I 3N !
gt by it il e
.ﬂ ru P . || i Sl B
N O O N
I e o I O
- ~—]-]- ) - —
= B e e e 2 Y ) e
- i Y=l—1
I ~g--
- R e el [ o il D s
1 - - O N -
u4 - = N (RO SpRNy JENNGY UUU DY SONY DU PRSI
o N o e et 1 [ e e

?5. %

5.0 %

JunnYd itiadnd

)~




Combining the OK catalyst and failed catalyst emission race
according "to. che, fraccion (F) of Eailed ca:alyscs we get:

.

HC = [6 39““‘3"016 (M/107600) | (1=F] » {1.9 + 0.038 (M/10,000)1(F]
HC = o 39=¢ Q: 0115 (M/10,000) + F (1.5 + Q. 022 (4/10,000) ]

Cco = [h 8 « 0. 17 (M/10,000] (1-F] + (25.4 + 0.47 (M/lO 000) i(F|
CO = 4.8 + Q.17 (M/10,000) + F (18.6 + 0.30 (¥/10,000]

These regulfts are included ;n Table 2.

The above: factors are for gasoline fueled LDTs. 1In fucure
years, scme dieselizacion of LDTs is expected. Reproduced ia Table
3 is data from the Summary and Analysis of Comments for cthe Light
Duty Diasel 'Particulatas package. This ctable gives diesel frac-
tions for future LDV sales. These same projections will be used to
estimacte the fractiom of LDT diesels.

For 23 certified LDV and LDT diesels ian 1979 the average
emissions are;0.60 (HC)/L.75 (CO). The two LDT diesels in this sec
span che average values. The following valuas will be used Gto
estimace diesel LDT emission:

LDT Diesel Emission Races

BC = 0.60 g/mile
CO = 2.0 g/mile

These lLavels are sufficiently low Eo be independent of AQL or
emission standard. The average DF for 1l durabilicy venicles
was low enough to neglect.

F. Develop Future ED Emission siandards for Qpticnal Cases

In the course of evaluating the Clean Air act mandated 90
percent reductiom standard, opcional ceductions of 85 percenc and
95 percent will bde examined also. The standards corresponding to
these levels would be 1.9/23.3 g/BHP=-hr HC/CO for 85 percent and
0.54/7.7 :g/B3HP~hzr. HC/CO for 95 percent. Corresponding emission
factors are derived below:

Heavy=Duty Gascline

Following the wmethodology developed earlier, zero mileage
emission ratas for HDG would be:

85 Percent Standard

HC = 0.65 (1.9/1.7) = 0.73 g/3HP-ar
Co = §.65 (23.3/1.7) = 8.9 g/BHP~nr
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Table 3

Year-by-Year Projections of the Didgel Fracciem
of Light-Ducy Vehicle Sales 7/

Diesel .
¥odel Year Fraction (X)
1981 47T
1982 T.5%
1983 8.9%
1984 9.5%
1985 11:6%.
1986 13.87
1987 16:5% -
1988 17.6%
19389 18.7%
1990 19.7%.
1991 202
1992 20%°
1993 202
199 202
1995 202"

7/ Source: Sz.::méry and dnalysis of ‘Comments, EPA Light-Duty
Diesel Particulate Fianal Rulemaking,” Table I«H. >
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'QS‘PerSeﬁf-S:Sndard

HC = 0.65 ( 64/1.7) = 0.24 g/BHP-hr
‘Coi=. Q. 85.(7.7/1.7) = 2.9 g/BHP-ar

Convéftihg‘cheigf:o“graqitper milé;gﬁd adding in deterioracion
rates corresponding to a 1.7 DF these become:

-85 -Percent Standard

"HC (0K~ Ca:alysc) = 1.3+ 0.09 (M/10,000) g/mile
co (0K Ca:alysc) =.15,5 + 1.08 (4/10,000) 3/mile

95 Percent Scandard

HC (OR Cacalyse) = 0.42 + 0.03 (4/10,000) g/mile
€O (OR Catalyse) = 5.0 + 0.35 (M/10,000) g/mile

Failed catalyst emissiom rates will be the same as those
previously used for HDG in Section C. The average emission rates

are then:

35 Percant Standard

| (o (average) a 1.3 +0.09 (1/10 000) + F (3.6=0.,05.(M/10,000)]
CO0 (average) = 15.5 + L.l (4/10,000) » F [129-0.72 (4/10,000)]

93 Per.en: Scandard

AC (average) = 0.42 + 0,03 4/10,000).+ 7 (4.5=0.01 (1/10,000)]
CO (average) = 5.0 + 0.35 (4/10,000) .+ F [140-0.03 (%/10,000)]

These results are included in Table &.

Heavy=Ducy Diesel

The zaro m;leage emxssxan rates can- be.astimatad as was done
in Chapter VILl of. the Regula:erv An;lysxs,;Sectlon E. As befora,
only HC is affected since. diesél CO.emission. na:urally fall below
even the 95 percen: reduccion scandard.

In‘g/BHI-hr, :he_zaro mileage emxssion-:aces are:

85 Percent ;;anga;d

0.72 (1.9-0.06)-= 1.32 g/3EP-hr. -

'95 Péreenc Standard

0.72 (0.64=0.06) = 0.42 g/3Prar-

. =203~



Couverting to. grams .pa% aile and including the DF, che final,
results are:

85 Percent .Standard

HE = 3.8 +,.0077(4/10,000) g/mile

95 Percant Standard
‘HC~= 112 '+ ,007~(14/10,000), g/mile,

. ‘These '¢quacions are iricl:gded_ .in Table 4.
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Table 4

Opcional "Pfojected Exhausc Zmission ‘Ractes For dll Areas
Except California:and High-altitude.

Applicable to 1984 and;Laceerears’

A. 85 Percent Reduc:ion”S:ap&ard'(1.9/2353 g!BH!vﬁrxHGACD) §Y;

Beavey=Duty Gasoline’

BC = 1.3 + 0.09 (M/10,000) + F, [3.6=0.05 (:/10,000)]
o= 15.5 + .1 (M/LO}OOO)'&"?g,(129%0;72"8H/10,000)1

Heavy-Dutvaiésel

HC = 3.8 + 0.007 (}/10,000)
CO = 8.7 +« 0.11 (M/10,000)

B. 95 Percent Reduction Standard (0.64/7.7 g/BEP=-hr §C/co) L/

Heavy~Duty Gasoline

HC = 0.42 + 0.03 8M/10,000) +-Fy [4.5-0.01 (4/10,000)}

CO = 5.0 + 0.35 (M/10,000) = Fa (L40 + 0.03 (M/10,000)]

Heavy-Duty Diesel

HC = 1.2 + 0.007 (M/10,000)
Co = 8.7 + 0.11 (4/10,000)

Vote: M add F, aFe as defided in Table 2.

1/ i?ifce;tvié&ﬁéfiBhs givén indicate scandards which -are equal to
the stited percent rediction ‘froma 1969 gasaline-fueled baseline.
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Table &

Opcional“Pfdjéétéd:Exhausc?imisétgn;&aces For All Areas
Exceoe California-and High-altitude.

Abdlicableucoil984 and:Laceerears 

A. 83 Percent Reduction Stamdard (1.9/23.3 g/3HP=hr.HC/CO) L/

Heavvfouéy Gagoline:

BC = 1.3 + 0.09 (X/10,000) + Fy-(3.6=0.05 (%/10,000) ]
CO = 15:5 + L.l (/10,0000 + F, (129%0.72.84/10,000) ]

Hea!zrDutwibiebel'

HC = 3.3 + 0.007 (/10,000

CO = 8.7 +# 0.1l (M/10,000)"

8. 95 Percent Reductioh.Stand;rdu(0.6al7.7'géﬁﬁ?-hr gc/co) 1/

Heavy=Duty Gasoline

BC = 0.42 + 0.03 84/10,000) +.F, [4.5-0.01 (4/10,000)}
CO = 5.0 + 0.35 (4/10,000) + Fy (140 + 0.03 (4/10,000)]

Heavy=-Duty Diesel

BC = 1.2 » 0.007 (M/10,000)

co = 8.7 + 0.11 (4/10,000)

Noce: M and F, ara ‘as dafided in Table 2.

1/ j?hfcgd;AfﬁaﬁE§£6§s givén indicate 'scandards which are :equal to
the sciced percenc reduction “from-a 1969 gasoline-fualed baseline.
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