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| NTRODUCT| ON

The California Cean Air Act (CCAA) as codified in the
Heal th and Safety Code Sections 43013 and 43018 grants the Ar
Resources Board (ARB) authority to regulate off-road nobile
sources of em ssions. These nobile sources include, but are not
limted to mari ne vessels, |oconotives, utility engines, off-road
nmot orcycl es, and off-hi ghway vehicles. Of-road | arge spark-
ignition engines are a subcategory of off-road engines subject to
ARB regul ati on.

Typi cal applications for off-road | arge spark-ignition
engi nes include specialty vehicles, forklifts, portable
generators, large turf care equipnent, irrigation punps, welders,
air conpressors, scrubber/sweepers, airport service vehicles, and
a wde array of other agricultural, construction and general
i ndustrial equipnent. The engines used in these equi pnment often
are derived from aut onobi | e engi nes, though they tend to use | ess
sophi sticated fuel and em ssion control systens. Mst comonly,
engines in this category are fueled by gasoline or |iquefied
petroleumgas (LPG. They are typically liquid-cooled engines,
but sonme air-cooled engines remain in use. Simlarly, nost
engi nes, particularly those derived from aut onobil e engi nes, tend
to use overhead-val ve designs, although sonme use the nechanically
si npl er side-val ve design

ARB staff believes that em ssions fromthese engi nes can be
reduced significantly, through use of conmmopn autonotive em ssions
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control technol ogi es such as exhaust gas recircul ation (ECR)

cl osed-1 oop fuel control systens, and three-way catal ytic
converters. The proposal described herein establishes em ssion
standards for new off-road | arge spark-ignition engines (over 25
hp) and acconpanyi ng conpliance procedures, which are based on
the use of these or other effective em ssion control

t echnol ogi es.

1. BACKGROUND

I n Novenber 1994, the ARB approved the State | nplenentation
Plan (SIP) for ozone which outlines the neasures to be taken to
bring the state’s air quality into attainnment with federa
anbient air quality standards for ozone. During the SIP s
devel opnment, it became clear that reducing em ssions of oxides of
nitrogen (NOx) and reactive organic gases (ROG from off-road
engi nes and equi pnent operating within the state is inperative
for cleaning California's air. The SIP identified several
categories of off-road equi pnent where significant em ssions
reduction opportunities exist, including spark-ignition engines
of 25 through 175 horsepower used in industrial equipnment. The
lower Iimt of 25 horsepower is defined by the upper boundary of
the small off-road engi ne category; hence, no engi ne woul d be
subject to multiple requirenents. The 175 horsepower rating was
originally noted because the greater part of off-road spark-
ignition engines, and the em ssions therefrom is bel ow that
rating. However, the staff's proposal includes engines greater
than 175 horsepower because those engi nes and equi pnment are very
simlar in design and use to those in the 25 to 175 horsepower
range and they are not currently covered by other regulatory
requirenents.

The federal Cean Air Act Amendnents of 1990 preenpt
California control of em ssions fromfarmand construction
equi pnent under 175 horsepower. Because of this preenption,
significant em ssions fromthe subject engine category are beyond
ARB' s authority to regulate. Thus, since only the United States
Envi ronnental Protection Agency (U.S. EPA) has authority to
establish em ssion standards for these preenpt engines, the ARB
staff has worked closely with U S. EPA toward the devel opnent of
a nationwi de federal rule to cover all engines in this category.
This federal rule would then serve to regulate em ssions from
farm and construction equipnment in California in the absence of
ARB' s authority to do so. The federal rule and California's
regul ations, if adopted, will be harnonized as nuch as possible
to mnimze any confusion and expenses that could result from
significantly different state and federal requirenments for non-
preenpt engines. Thus, the staff proposal contained herein wll
address the state's obligations under SIP neasure ML1, while the
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correspondi ng federal action, when finalized will address the
obligations of M2.

Since the adoption of the 1994 SIP, the em ssions inventory
for large, spark-ignited engi nes has been updated. It was
originally estimated that preenpt engi nes were responsible for
contributing approximately half of the category's conbi ned
hydrocarbon (HC) and oxides of nitrogen (NOx) em ssions. Based
on current information, it is now estimted that preenpt engines
are responsible for contributing approximately 12 percent of the
HC+NOx em ssi ons. The 1994 SIP inventory al so underesti mated
t he nunmber of LPG fuel ed equipnment conpared to the updated
popul ation. Finally, new test data show the rel ative proportions
of HC and NOx em ssions has changed. While the previous estinate
had been that HC conprised 60 percent of the total ozone
precursor em ssions and NOx 40 percent, the |latest data indicate
that only 20 percent of the total ozone precursors are HC, the
remai ni ng 80 percent are NOX.

The proposal contained herein addresses the California (M1)
portion of the SIP. However, it represents the collective effort
of the ARB and the U S. EPA working together to develop a
har noni zed national program The U S. EPA is expected to
pronmul gate its portion, M2, shortly. The U S. EPA expects to
publ i sh an Advance Notice of Proposed Rul emaking by early 1999,
with a Notice of Proposed Rulemaking to followin l[ate 1999. The
final rule is expected to be published within a year of that.

SIP Measures ML1 and ML2 were devel oped in 1994 fromthe
assunption that manufacturers would be able to use cl osed-| oop,
three-way catal ysts that would result in reducing the |arge
spark-ignition engine HC inventory by 75 percent, and the | arge
spark-ignition engine NOx inventory by 50 percent. Significant
wor k has been done to approach those |levels, and the staff
bel i eves that those |evels are achievable. However, M1 and ML2
as presented in the SIP did not address the issue of em ssions
deterioration. Deterioration of these engines over their useful
life can lead to significant em ssions increases; therefore, the
staff has included a provision to ensure that engines are
"em ssions durable,” i.e., controlled throughout their useful
life.

11, SUMWARY OF STAFF RECOVMENDATI ON

The ARB staff has met with various entities regarding the
| arge spark-ignition engine proposal. The staff, with the
U S. EPA held industry neetings in Novenber 1997, March 1998,
and July 1998. A general public workshop took place on May 19,
1998. The staff also met with engine manufacturers, trade
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associ ations, em ssion control manufacturers and devel opers, fuel
system suppliers, environnental organizations and ot her
interested parties in numerous individual neetings and conference
calls. Staff's neetings with manufacturers have indicated that
the technol ogi cal foundation of SIP neasures ML1 and M2 is
sound; the staff therefore has devel oped em ssion standards that
will reflect the inplenmentation of closed-|oop, three-way

catal yst systens on | arge spark-ignition engines.

The regul atory text of the staff proposal is contained in
Attachnment A, and the em ssions test procedures (Parts | and I1)
are contained in Attachnent B. The proposal is intended to
achi eve significant em ssions reductions while providing industry
with flexibility in conpliance. The effect of the proposal and
the i nproved em ssions inventory on the SIP obligations is
di scussed in detail in Section IV of this report. The proposed
regul ati ons are described bel ow.

A Applicability

The proposal would apply to off-road spark-ignition engines
25 horsepower or above, wth some exceptions. For exanple, the
proposal woul d exclude construction and farm equi pnment engi nes
bel ow 175 horsepower, consistent with the 1990 O ean Air Act
Amendnents' preenption of state authority, and the U S. EPA's
subsequent inplenmentation of that provision. Staff has updated
the preenption list to exclude forklifts greater than 50
horsepower. The basis for the change is discussed in Section |V
of this report. (Attachnment C has a list of preenpted
equi pnent.) Note that the preenpted equi pnrent woul d be subj ect
to the national regulation which the U S. EPA is devel opi ng
concurrently with this proposal.

The ot her exceptions consist of a nunmber of sub-categories
t hat have been or will be regul ated separately: off-road
notorcycles, all-terrain vehicles, snowrobiles, and engi nes used
to propel marine vessels or personal watercraft. These
applications are sufficiently different in use and purpose to
warrant separate consideration

B. Em ssi ons St andar ds

ARB staff has devel oped nunerical standards (shown in
Tabl e 1) for NVHC+NOx em ssions based primarily on what is
achi evable wth autonotive-derived technol ogies. The staff
proposes to institute new or "zero-hour" engine em ssions
standards beginning with the 2001 nodel year. Staff anticipates
that manufacturers will use three-way catalysts with closed-1oop
controls to neet those standards. The proposal would result in a
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reduction of up to 90 percent fromcurrent uncontrolled |evels.
The proposed conbi nati on of NMHC plus NOx standards provides
industry with flexibility regarding the technol ogy used for
conpliance. Staff has based the proposed CO standard on current
| evel s for on-road heavy-duty trucks powered by gasoline.

Begi nning with 2004 nodel s, the same nunerical em ssion
st andards woul d apply throughout the engine’s useful life. The
delay in applying the useful life standards until 2004 nodel s
al l ows engi ne manufacturers anple lead tine to stabilize their
engi ne and em ssion control technol ogy designs.

Table 1
Pr oposed
Em ssi ons Standards
St andar ds (g/ bhp-hr)
Year Engi ne Size Useful Life
NIVHC+NOx CO
Tier 1 < 1.0 liter 5.0 37 N A
2001- 2003 :
(Phase-in) 1.0 liter 3.0 37 N A
and greater
Tier 2 < 1.0 liter 5.0 37 3000 hours
2004 and or 5 years
| ater )
1.0 liter 3.0 37 5000 hours
and greater or 7 years

Not e that separate NMHC+NOx em ssions standards are
proposed, based on engi ne displacenent. Specifically, a division
is proposed between small and large engines at 1.0 liter. This
division is intended to separate those engines that are typically
derived from autonotive engines fromthose that are not.

1. Engi nes Bel ow One Liter
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Many of the engines below one liter in displacenent share
many characteristics with the larger of the small off-road
engi nes bel ow 25 horsepower, as opposed to the engi nes greater
than one liter, which tend to be derived from autonotive engi nes.
Thus, the technology that is nost appropriate, and the ease of
installation and adaptation nmay differ somewhat fromthe options
avai l abl e for the | arger engines.

2. Engi nes One Liter or Geater

Engines one liter or greater are typically derived from
aut onotive engines. These engines tend to be de-featured
versions of current or past autonobile engines. They are nost
often liquid-cooled and nulti-cylinder (usually four or nore
cylinders). As derivatives of autonobile engines, the engines
one liter and greater are well-suited for the use of autonotive
em ssion controls. In many of the cases, exhaust aftertreatnent
systens, as well as fuel and electronic control systens, already
exi st for these engines.

3. Phase-in

The Tier 1 em ssion standards woul d be phased in over three
years, as shown in Table 2. The phase-in, based on the
manuf acturer's |l arge spark-ignition engines sales into
California, will provide industry with flexibility to devel op
controll ed engi nes over a period of years instead of devel oping
all their controlled engi nes by 2001.

Table 2

Tier 1
Phase-1 n Schedul e

Year Per cent age of
Conpl yi ng
Pr oducti on
2001 40
2002 60
2003 80
4. Smal | - Vol une Manuf acturer All owance

The proposal would provide relief to manufacturers that
produce a total of |ess than 2000 | arge spark-ignition engines
annually for the United States. Snall-volune manufacturers would
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not be required to conply until 2004, at which tine, |ike al

ot her manufacturers, 100 percent of production would have to
conply. The small-volune represent approximtely 4 percent of
the total engines (1994-1996 annual average nationw de sells) in
this category.

5. Cl osed Crankcase
The proposal would require that all engines produced in
nmodel year 2001 or |ater have cl osed crankcases. This
requirenent is already nmet by the large ngjority of the engines
in the category.

C. 2001 (Tier 1) Conpliance Prograns

1. Certification

A certification process simlar to that used for small off-
road engi nes and heavy-duty off-road engines is proposed. The
process is nost simlar to the streamined small off-road engi ne
certification process recently devel oped by ARB, U S. EPA, and
i ndustry.

2. Test Cycl es

ARB and the affected industry agree the nost appropriate
test cycle for nost |arge spark-ignition engines is the steady-
state 1SO 8178 C2 cycle, devel oped by the Internationa
Organi zation for Standardization (1SO. The C2 cycle was
devel oped to reflect typical activity of engines used in
forklifts and other industrial equipnment. The staff is also
proposi ng the adoption of the 1SO 8178 D2 cycle for those engi nes
used in generators or other constant-speed applications.

Addi tionally, the proposal would allow manufacturers the option
of using the 1SO 8178 Gl test cycle for engines below one liter
because the Gl cycle better represents operation of equipnent,
such as sweepers or turf care equipnent, using these engines.

3. Production Line Testing

Conpl i ance of production engi nes woul d be determ ned through
the Cunul ati ve Sum procedure used by both ARB and the U S. EPA
for small off-road engines. The Cunul ative Sum procedure
replicates the statistical foundation of the federal Selective
Enf orcenent Audit program while providing greater opportunity
for a quick decision, thus mnimzing the manufacturer's possible
testing burden, particularly for those engine famlies that
consistently neet the standards by a wide margin. The staff
proposes the adoption of a nodified Cunul ative Sum procedure to
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ensure year-round sanpling, as was approved for small off-road
engi nes. Testing at |east two engines per production quarter
shoul d ensure conpliance throughout the nodel year.

4. Conpl i ance Testing

In addition to the Cumul ati ve Sum production line testing
descri bed above, the initial stage of regulation will include new
engi ne conpliance testing simlar to other on- and off-road
progranms. Since Tier 1 does not require manufacturers to neet an
em ssions durability standard, there will not be an in-use
conponent for Tier 1.

5. Def ects Warranty

For 2001 through 2003 nodel year engi nes, the manufacturers
woul d provide a two year em ssions defects warranty to the
ultimate purchaser, consistent with current practice. The
warranty would help to ensure that em ssions-related parts are
free of defects.

D. 2004 (Tier 2) Conpliance Prograns

1. Deterioration

Manuf acturers would be required to denonstrate that their
em ssion controlled engine conplies with the em ssion standards
for its useful life period. To denonstrate conpliance,
manuf acturers may choose to operate an engine for its useful life
period over a test cycle that represents typical
engi ne/ appl i cati on usage, perform periodic em ssion tests, and
calculate the engine’s deterioration rate. Staff al so proposes
to all ow manufacturers to develop their own procedures to
determ ne the deterioration rate of their engi nes over the useful
life period. This is consistent wwth the current approach for
determ ning em ssion deterioration for other on-road and off-road
engi ne certified products.

2. Useful Life and Em ssions Warranty Peri ods

The proposed useful |ife period for engines bel ow one liter
is 3000 hours or five years; for engines one liter and greater,
it is 5000 hours or seven years. These periods represent typical
"hal f-1ives" (the point at which one-half of the original engines
have left the fleet) of these engines.

The em ssions defects warranty period would be 80 percent of
the useful life period. Thus, the warranty period for engines
bel ow one liter would be 2400 hours or four years, while the
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warranty period for engines one liter or greater would be 4000
hours or five years. This is a longer warranty period than
required during Tier 1 (2001-2003).

3. I n-Use Testing

An in-use testing programwould ensure that certified
engi nes neet the standards throughout their useful lives. For
each engine famly selected by the ARB, engi ne manufacturers nust
perform em ssion testing of an appropriate sanple of in-use
engi nes and submt the resulting data to ARB. The ARB woul d
limt its request for a manufacturer in-use testing to no nore
than 25 percent of that manufacturer's total certified engine
famlies per nodel year. This proposal is very simlar to
current on-road nediumduty vehicle in-use testing requirenents
usi ng engine-certification protocols. For manufacturers
produci ng fewer than four engine famlies in a nodel year, the
ARB coul d choose one engine famly per nodel year for
manuf acturer in-use testing. The programwould also include a
means to reduce the testing burden on snall-vol une manuf acturers,
consistent with the Tier 1 provisions described above.

E. Technol ogy Revi ew

Manuf acturers of | arge spark-ignition engines, although
likely to have experience with certifying engines through
participation in the on-road market or in other off-road markets,
may encounter unforeseen issues when devel opi ng conpl yi ng engi nes
for the |arge spark-ignition engine market. In addition, many of
t he equi prment manufacturers are less famliar than the engi ne
manuf acturers with the em ssion control technologies that will be
used to conply. For these reasons, the staff proposes to hold a
technol ogy review of the Tier 2 standards in 2001. The review
will enable industry and ARB to determ ne how the application of
technol ogy is progressing, identify any unforeseen chall enges,
and recomend regul atory changes to the Tier 2 standards, if
war r ant ed.

Staff believes that three-way catal yst, closed-loop controls
provi de excellent em ssion reduction capability and that those
reducti ons can be maintained over the |life of |arge spark-
ignition engine applications. Nevertheless, staff agrees with
i ndustry that additional em ssions durability testing would be
beneficial to support the staff's assertion that the 2004
em ssion standards are technologically feasible in-use. Staff
believes that this can best be acconplished through co-funded
denonstrations to show that the em ssion standards can be net in-
use with the technol ogy of choice. A successful project nust
i nvol ve both regul atory agencies (ARB and U. S. EPA), the engine
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and equi pnent industry, and the em ssion control manufacturers.
A consortium of these parties would work together to devel op the
test program determ ne the technology to be used, choose the
specific applications to exam ne, and conduct the in-use testing.
The results of this nmulti-governnent/industry effort would be
presented to the Board as part of the 2001 technol ogy review.

V. DI SCUSSI ON

A. Em ssi ons St andar ds

Conpliance with the proposed Tier 1 em ssions standard is
based on new engi ne or "zero-hour" em ssions, rather than
deteriorated em ssions. However, the staff is proposing that the
em ssion levels for 2001 be based on the sane nunerical standards
devel oped for 2004 and subsequent nodel years (Tier 2). The
expectation is that the inplementation of the Tier 1 standards
will allowindustry the opportunity to fine tune their engine
t echnol ogy and perfornmance before inplenenting em ssions
durability requirenents in 2004. California wll benefit from
the Tier 1 program because, although sone em ssions deterioration
is expected, staff is confident that it will not be excessive.
The proposed production line testing and em ssions warranty
requi renents (discussed later) will help provide this assurance.

The Tier 2 standards would go into effect in 2004. The
2001- 2003, and 2004 and subsequent em ssion standards are
nunmerically the sane. The 2001-2003 em ssion standards are based
on “zero-hour” em ssion conpliance testing, while the 2004 and
subsequent nodel year em ssion standards require nmanufacturers to
denonstrate conpliance over the engine’'s useful life period. The
staff considers the two tiers of em ssion standards to be nore of
a nulti-year phase-in rather than two distinctly different
em ssion standards. The experience gai ned by observing and
testing engi ne-catal yst based control systens in the field in
2001- 2003 will provide the manufacturers w th val uabl e know edge
on the deterioration and performance of their designs. That
know edge will be used to validate their designs or encourage
redesi gn for 2004.

As shown in Table 1, separate NVHC+NOx em ssion standards
are proposed based on engi ne di splacenent. Staff proposes a
di vi sion between small and large engines at 1.0 liter. This
division will separate those engines that are typically derived
from aut onotive engines fromthose that are not. The devel opnent
of the em ssion standards is discussed bel ow, separately for each
di spl acenent cl ass.
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1. Engi nes Bel ow One Liter

Staff searched for avail able em ssions data for |arge spark-
ignition engines under 1.0 liter. No specific baseline or
controlled em ssion test data for this class of engi nes was
found. As a result, staff relied on em ssion test data from
simlar engines for its assessnent of the achievable controlled
em ssion levels. The data serve as the basis for staff’s
proposed 5.0 g/ bhp-hr HC+NOx em ssion standard for |arge spark-
ignited engines under 1.0 liter.

Sout hwest Research Institute, under two ARB-sponsored
contracts, tested spark-ignition engines to neasure the baseline
(uncontrolled) em ssion | evels and determ ne the controlled
em ssion | evels achi evabl e using current autonotive control
technology. As part of the contracts, engines simlar in design
to the under 1.0 liter large spark-ignition engines were tested.
These engines are primarily air cooled and carbureted, and sone
engines utilize older side valve, as opposed to overhead val ve,
engi ne design. Three engines were tested that cover these
characteristics. The emi ssion results of the baseline
(uncontrolled) and controll ed engine tests are shown in Tables 3,
4, and 5.

The Sout hwest Research Institute’s large spark-ignition
engi ne contract included one engine, Engine E, that is |arger
(2.5 liter engine) than this subcategory of engines, however, it
is representative of the side valve, air-cool ed engi nes bel ow one
liter and their potential em ssion reductions. Engine E was
nmodified to include a closed-1oop fuel injection system and
three-way catalyst. The engine was allowed to run rich during
the high-load test nodes to reduce cylinder tenperatures and
ensure engine and catal yst durability. Thus, the resulting
em ssions were higher than expected, as shown in Table 3, the
engi ne em ssions were reduced from12 to 2 g/ bhp-hr HC+NOx (83
percent HC+NOx em ssion reduction).

Tabl e 3

Summary of Em ssion Test Results of Engine E
Side Valve 2.5 liter Engine

Em ssi ons, g/ hp-hr

Test

HC CO NOX HC+NOx
Basel i ne 10. 7 479 1.70 12. 4
Resul ts
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Controll ed 0. 25 26 1.83 2.1
Resul ts

Reducti on

From 97.7 94. 6 -7.6 83.2
Basel i ne, %

Sour ce: Sout hwest Research Institute, ARB Contract No. 95-340.

Under the second contract,
given the task to show that current snal
25 hp coul d be brought into conpliance with the then
1999 3.2 g/ bhp-hr HC+NOx em ssion standard. The two
tested, a 5.5 horsepower Honda overhead-val ve engi ne
a 2.8 horsepower Briggs & Stratton side-val ve engi ne
exhi bited controll ed HC+tNOx em ssion | evel s of about
(Tables 4 and 5). Sout hwest Research Institute used
enl eanment of the existing engines with the addition

catal yst systemto achieve the controlled em ssion results.
t he engi nes were

was done with the 2.5 liter engine testing,

Sout hwest Research Institute was
of f-road engi nes under

exi sting
engi nes

(163 cc) and
(148 cc),

3 g/ bhp-hr
car bur et or
of a

As

allowed to run rich during the high-load test nodes to reduce

cylinder tenperatures and ensure engine durability.
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Tabl e 4

Summary of Em ssion Test Results of
Honda Over head Val ve 163 cc Engi ne

Em ssi ons, g/ hp-hr

Test

HC CO NOX HC+NOx
Basel i ne 6 200 1.5 7.5
Resul ts
Controll ed 2.8 65. 6 0.2 3
Resul ts
Reducti on
From 54 67 84 60
Basel i ne, %

Sour ce: Sout hwest Research Institute, ARB Contract No. 95-340.
Tabl e 5

Summary of Em ssion Test Results of
Briggs and Stratton Side Valve 148 cc Engi ne

Em ssi ons, g/ hp-hr

Test

HC CO NOX HC+NOx
Basel i ne 10. 3 357 1.7 12
Resul ts
Controll ed 2.2 64. 2 0.9 3.1
Resul ts
Reducti on
From 78 82 49 74
Basel i ne, %

Sour ce: Sout hwest Research Institute, ARB Contract No. 95-340.

Staff assuned that the data presented in Tables 3, 4, and 5,
whi ch represent simlar engines that are larger and smaller than
the under one liter engines subject to this proposal, would
provi de a range of the baseline and achi evable controlled
em ssion levels. Thus, baseline (uncontrolled) zero-hour
em ssion |l evels of these engines should range fromabout 7 to 12
g/ bhp-hr HC+NOx, while controlled | evels should range from about
2 to 3 g/ bhp-hr HC+tNOx. Staff acknow edges that although these
engi ne tests show that technol ogy exists to conply with these
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em ssion levels on a zero-hour em ssion test basis, engines and
catal yst systens deteriorate over tinme. Therefore, the em ssions
are expected to deteriorate over tine, and future em ssion
control devel opnent over the next five years nmay be needed to
account for this.

Staff relied upon on-road light-duty truck engi ne em ssion
deterioration rates to represent these off-road | arge spark-
ignition engines wwth simlar em ssion control technol ogy because
[ight-duty truck engines are simlar in size and horsepower as
| arge spark-ignition engines and their control technology is
expected to be anal ogous to that used for the |arge spark-
ignition engines. The deterioration rates avail able for on-road
[ight-duty trucks fromthe early 1990's were used because they
include currently avail able catalysts able to wi thstand hi gher
t enper at ures and poi soning of active cells. Also, California
fuel s have inproved wth the elimnation of |eaded fuel and the
i ntroduction of cleaner burning gasoline which should inprove
these deterioration rates. Applying the deterioration factor of
1.6 used for controlled engines (the average of gasoline and LPG
engi ne deterioration factors) to the range of zero-hour
controlled em ssion | evels between 2 and 3 g/ bhp-hr HC+NOx,
yields a useful life em ssion | evel between 3.2 and 4.8 g/ bhp-hr.
The proposed standard of 5.0 g/bhp-hr HC+NOx al | ows sone
addi ti onal conpliance margin for manufacturers, by being at the
hi gh end of the range.

Some nmenbers of industry have indicated that they believe
t hese smal |l er engi nes should, in fact, be subject to the sane
requi renents as the small off-road (bel ow 25 horsepower) engines.
Staff disagrees; the 25 horsepower division was chosen because it
provi ded a demarcation between differing types of technol ogy and
applications. Mst engines bel ow 25 horsepower are single-
cylinder, air-cooled engines. The majority are side-valve,
al t hough sonme are overhead-valve. Furthernore, the engines tend
to be extrenely inexpensive; $50 to $100 is not an unconmon
whol esal e price. In contrast, engines above 25 horsepower are
nmostly nmulti-cylinder, |iquid-cooled engines. Mst are overhead
val ve, and prices are typically nore than $1000.

Some manufacturers of small off-road engines, currently not
in the above- 25- horsepower market, have indicated that they are
currently considering such a venture. Those manufacturers have
asked that ARB consider em ssions standards that were originally
devel oped for engines as small as 5.5 horsepower. For the
reasons stated above, the staff believes that those standards
woul d not be appropriate for engi nes 25 horsepower and above. By
expandi ng the "domain" of the small off-road engi ne regul ati ons,
it would provide a greater incentive to use a relatively dirty
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technol ogy that is not representative of the above-25-horsepower
mar ket as it has evolved in the absence of regulation. For

i nstance, Ford Power Products, which is currently in the market,
produces a 1.0 liter large spark-ignited engine (about 45

hor sepower). Based on testing they have perforned, Ford believes
it can achieve an em ssion level of 3.0 g/hp-hr HC+NOx when new.
However, Ford has not yet tested the 1.0 liter engine to confirm

that it can neet that |evel over the engine's useful life period.
Nonet hel ess, Ford believes its em ssions will remain | ow over the
useful life of the engine and supports the staff's proposal of a

5.0 g/ bhp-hr useful life standard.
2. Engi nes One Liter or Geater

Engines one liter or greater are typically derived from
autonotive engines. Specifically, these engines tend to be de-
featured versions of current or past autonopbile engines and are
thus nost often Iiquid-cooled and multi-cylinder (usually four
cylinders). As derivatives of autonobile engines, the engines
one liter and greater are well-suited for the use of autonotive
controls. In the mgjority of cases, there already exist
conpati bl e exhaust aftertreatnment systenms and el ectronic control
systens. Staff relied on the em ssion reduction capability of
this technol ogy (closed-1oop, three-way catal yst) and the
em ssion data avail able to devel op the proposed em ssion standard
of 3.0 g/ bhp-hr HC+tNOx for the large spark-ignition engines 1.0
liter and greater. A summary of data used by staff is provided
bel ow.

The Sout hwest Research Institute test program provi ded staff
w th baseline em ssions data from ei ght uncontrolled | arge spark-
ignition engines (all engine data included nmultiple tests, fuels
and cycles). The em ssion tests resulted in an average
uncontrol |l ed em ssions |evel of 13.5 g/ bhp-hr HC+NOX.
Uncontrol |l ed HC+tNOx em ssions | evels ranged from19.8 to 7.8
g/ bhp- hr.

As part of the Southwest Research Institute test program
two engines were outfitted with closed-1oop, three-way catal yst
systens. The baseline data of a 2.5 liter, 4-cylinder LPG engine
was 12.6 g/ bhp-hr HC+NOx, as shown in Table 6. Wth a cl osed-
| oop, off-the-shelf autonotive three-way catal yst, the engine’s
em ssions were reduced to 0.10 g/ bhp-hr HC+NOx, a 99 percent
em ssion reduction. Additional testing of the engine with a
different control systemconfiguration and a different catalyst,
resulted in a controlled em ssion |evel of 0.49 g/bhp-hr HC+NOx,
wel | bel ow the proposed 3.0 g/bhp-hr HC+NOx st andards.

Tabl e 6
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Three-way Catal yst Denonstration
Zer o- Hour Test Results for LPG Engine

Em ssi ons, g/ hp-hr
Test
HC CO NOX HC+NOx
Basel i ne Results 0.94 7. 37 11. 7 12. 64
Controll ed Results 0. 09 2.1 0.01 0.1
Reducti on From Baseline, % | 90.4 71.5 99.9 99.2

The second engi ne, considered a “worst case” engine, was a
2.5 liter gasoline engine. It was considered worst case because
it uses a side valve, air cooled engine design which is typically
found in small off-road engines used in | awmnowers. Generally
this engi ne design can not neet em ssion |evels as stringent as
over head val ve, |iquid-cooled engines can neet. This is because
these engines tend to run very rich to protect the val ves and
pi stons from excessive heat and mnim ze distortion of engine
conponents (due to uneven heat distribution inherent with air-
cool ed, side-valve engines). Thus, as would be expected (and as
shown below in Table 7), the engine s baseline em ssions |evel
was about 12 g/ bhp-hr HC+NOx. Wth the addition of closed-I|oop
fuel injection and catal yst technol ogy, the em ssions dropped to
2.1 g/ bhp-hr HC+NOx.

Table 7

Summary of Em ssion Test Results of Engine E
Side Valve 2.5 liter Engine

Em ssi ons, g/ hp-hr

Test

HC CO NOX HC+NOx
Basel i ne 10.7 479 1.70 12. 4
Resul ts
Controll ed 0. 25 26 1.83 2.1
Resul ts
Reducti on
From 97.7 94. 6 -7.6 83.2
Basel i ne, %

In discussions with manufacturers, additional data were
presented to support the proposed em ssion |evels. One engine
manuf acturer provided data on its primary 40-60 horsepower
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forklift engine wwth three-way catal yst, closed-|oop technol ogy;
the data are summari zed in Table 8, bel ow.

Table 8
Zer o- Hour HC+NOx Em ssions Results
(g/ bhp-hr)
Fuel Basel i ne Cl osed- Loop
configuration Thr ee- Wy Cat al yst
Gasol i ne 16.8 0.9
LPG 7.6 0.4

Staff used the engine test data fromtables 6, 7, and 8 to
represent the range of em ssion |levels achievable for |arge
spark-ignition engines greater than one liter; from2.1 to 0.1
g/ bhp-hr HC+NOx. As di scussed above, these em ssion |levels are
zero-hour levels and staff recognizes that engi nes, control
technol ogy, and em ssions will deteriorate over tine.

As was done with the smaller engines, staff relied on the
deterioration rates associated with current nodel on-road |ight-
and heavy-duty trucks wth closed-|1oop three-way catal yst control
technol ogy to devel op the appropriate in-use em ssion standards.
Typi cal deterioration factors are about 2.1 for these trucks.
Applying this DF to the controlled em ssion data range of 2.1 to
0.1 presented in Tables 6, 7, and 8 would yield a useful life
em ssion | evel of between 4.4 and 0.21 g/ bhp-hr HC+NOx. The
staff's proposed | evel of 3.0 g/bhp-hr HC+NOx provi des
manuf acturers with sonme additional conpliance margin to refl ect
in-use variability.

In discussions with manufacturers, staff has received
support for its proposed HC+NOx standard. Sonme manufacturers
have stated that they believe the staff’s proposal nay be net in

2001. They still have sone concerns about conpliance to the 2004
useful life requirenments, but have indicated that conpliance is
probable. In particular, Ford Power Products and | MPCO

Technol ogi es have publicly supported the staff’s proposed

em ssion standards. Ford has al ready devel oped the control
technology and is currently testing its controlled
configurations. It plans to continue production of several of
its current engine lines and introduce new engines into
California for a variety of industrial applications and forklifts
that can neet the staff’s proposed 2001 em ssion standards. Ford
and | MPCO have rai sed concerns simlar to other manufacturers
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regardi ng conpliance with the 2004 useful life requirenents due
to their current |lack of large spark-ignition engine durability
t est data.

3. Phase-in

The Tier 1 em ssion standards woul d phase-in over three
years based on a manufacturers California engine sales, as shown
in Table 2. In neetings with manufacturers, staff suggested a
nore stringent phase-in approach with 60 percent of the engi nes
required to conply in 2001, 80 percent in 2002 and 100 percent in
2003. Because of the inclusion of forklifts greater than 50
horsepower into the non-preenpt category and therefore under
California s authority to regulate, staff revised its phase-in to
provi de these manufacturers wth additional flexibility and | ead
time to conply.

The phase-in schedule wll provide nmanufacturers with the
flexibility to devel op the technol ogy and incorporate it on the
engine lines that are nost easily controlled or that represent
the greatest volune of their sales. The phase-in reduces the
burden on manufacturers to devel op and i ncorporate the technol ogy
on their engines over a period of years instead of all in one
year. Sone manufacturers have a single engine famly that
accounts for a majority of its sales volune; the phase-in wll
al l ow an engi ne manufacturer to concentrate solely on that high
volunme engine famly for the first, and possibly the second, year
of the phase-in.

Al t hough the phase-in is directed toward engi ne
manuf acturers, it may provide flexibility to equi pnent
manuf acturers as well. The engi ne manufacturers have the option
of directing their uncontrolled engine nodels, during the
phase-in years, to the small vol ume equi pnment manuf acturers,
t hereby providing themadditional time to reconfigure equi pnent,
i f necessary.

4. Smal | - Vol une Manuf acturer Al |l owance

The proposal would provide relief to manufacturers that
produce a total of |less than 2000 engi nes annually for the United
States. The staff recognizes that small vol une manufacturers may
requi re special consideration to continue to serve their narkets.
To ensure continued product availability, the staff proposes to
del ay conpliance for small volunme manufacturers until 2004, when
100 percent of production would need to conply with the Tier 2
standards. The staff also proposes to allow the small-vol unme
manuf acturers to use an assigned deterioration factor, and to
reduce the in-use testing requirenents.
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The staff arrived at a 2000 engi nes per year definition
foll owi ng exam nation of average annual U. S. sales figures for
1994-1996. Those figures indicted a natural break at between 900
and 1600 engi nes per year. A nodest allowance for continued
grow h suggests that 2000 engi nes per year isS an appropriate
choice. The affected small-vol unme manufacturers represents
approximately 4 percent of the total nunber of engines sold in
this category. Thus, staff’s proposal provides relief to truly
smal | - vol une manuf acturers

5. Cl osed Crankcase

Anot her source of HC em ssions is the rel ease of crankcase
gases to the atnosphere. These gases result primarily from
cylinder intake and conbustion gases passing the piston ring
assenblies into the crankcase (bl owby) on the conpressi on and
power strokes. The primary control approach is the use of
positive crankcase ventilation (PCV). PCV requires the sealing
of the crankcase fromthe anbient air except for a filtered air
inlet, and an exit to the carburetor or intake manifold bel ow the
throttle plate. Wen the engine is running, the crankcase gases
are drawn into the intake systemand then into the engine to be
burned. Fresh outside air is drawn into the crankcase through
the filtered inlet.

The cl osed crankcase requirenent is already net by a
majority of the engines in the category. Reduction of crankcase
em ssions was one of the earliest autonotive em ssion controls
used in production, and virtually all engines in other regul ated
categories have a cl osed crankcase requirenent, so conpliance
shoul d not be technically challenging for these engines.

Al t hough the proposal is prescriptive, it would be | ess onerous
t han devel oping a test procedure and requiring manufacturers to
conduct additional tests on their engines, which would nost
likely result in the sanme physical changes to the engine.

B. 2001 Conpl i ance

1. Certification

Engine certification wuld follow a process simlar to that
used for the small off-road engi ne and Heavy-Duty O f - Road
categories. The certification process has been streamined to
all ow ARB to receive the nost useful and pertinent information on
atinely basis, while mnimzing the paperwork and adm nistrative
burden on manufacturers. Features of streamined certification
i ncl ude annual electronic submttal of the certification
information. Information such as the description of test
facilities, warranty, engine and equi pnent |abels, and tanper
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resi stance provisions need only be submtted once with the
manufacturer’s initial engine certification, in the absence of
manuf acturer nodifications to those itens, rather than including
such information with each engine famly application, as has been
the practice in the past.

2. Mai nt enance Schedul es

Since the majority of the engines and technol ogy found in
this category are simlar to existing autonotive engines, the
staff proposes that the all owabl e nai ntenance schedule for this
category should be simlar to existing autonotive and snall off-
road engi ne mai nt enance schedules, for the one liter and greater
and less than one liter categories, respectively.

3. Test Cycl es

The staff is proposing to use test cycles that have
previ ously been developed by the 1SO. 1SOis an internationa
group that includes representatives fromindustry; use of the |ISO
test cycle will allow the greatest harnoni zation, not just with
U S. EPA but worldw de.

The staff has determ ned that the nost appropriate test
cycle for nost of the |large spark-ignition engines at this tine
is the steady-state 1SO 8178 C2 cycle. The C2 cycle was
devel oped to reflect typical activity of engines used in
forklifts and other industrial equipnment. The staff is also
proposi ng the adoption of the D2 cycle, which will be used to
test engines used in generators or other constant-speed
applications. |In addition, the staff proposes to give
manuf acturers the option of using the Gl test cycle for engines
bel ow one liter, because the Gl cycle better represents operation
of equi pnent such as sweepers or turf care equipnment, which
typically use engines belowone liter. See the Technical Support
Docunment (Attachnment E) for further information regarding the
test cycles.

4. Test Fuel Specifications

The proposal would allow service accumul ati on using
comercially avail able fuel (gasoline or alternative fuel), but
woul d require that fuel neeting the California on-road fuel
specifications be used for em ssions testing to elimnate the
variability of commercial fuels. The California fuel
specifications are contained in the California Code of
Regul ations, Title 13, Chapter 5, Article 1, Sections 2260-2272,
and Article 3, Sections 2290-2293.5.
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I n discussions with industry and the U S. EPA, LPG fuel
specifications have been raised as an issue both in terns of the
need for ARB and U. S. EPA harnonization and a concern about the
i nconsi stent quality of fuel across the country. 1In terns of
har noni zati on, ARB has begun working with U S. EPA and believes
that a fuel policy simlar to that used for other nobile sources
can be devel oped for the |arge spark-ignition engine category to
prevent manufacturers fromhaving to test engines on separate
fuels for California and the other 49 states. A correction
factor may be applied to the em ssion results to sinmulate the
i npact of federal comrercially available fuel. California has
LPG fuel limts that should provide for consistent fuel quality
t hroughout the state.

5. Production Line Testing

As noted earlier, conpliance of production engines woul d be
determ ned through the Cunul ati ve Sum procedure used for the
smal | off-road engine category. The Cunul ative Sum procedure
replicates the statistical foundation of the federal Selective
Enf orcenent Audit program while providing greater opportunity
for a quick decision, thus mnim zing the manufacturer's possible
testing burden, particularly for those engine famlies that
consistently neet the standards by a wide margi n. The adoption of
a nodi fied Cunul ati ve Sum procedure woul d ensure year-round
sanpling, as was approved for small off-road engines; staff opted
to retain year-round sanpling because of its experience with the
smal | off-road engine quality-audit test program Staff has
noted that sone engine famlies that denonstrate good performance
inthe first or second quarters of production may then encounter
serious difficulties conplying in |later quarters. Testing at
| east two engi nes per production quarter should ensure conpliance
t hroughout the nodel year. Therefore, based on four quarters per
production year, the m nimum nunber of tests required is only
ei ght; the maxi mum as determ ned by the need to match Sel ective
Enforcenment Audit's confidence level, is only thirty. This is a
| ow nunber of tests conpared to other progranms where
manuf acturers are required to test one percent of all off-road
engi ne production and two percent of on-road vehicle production.
Overall, the Curnul ative Sum procedure will mnimze the testing
burden on manufacturers. A conplete description of the
Cumul ative Sum program and the staff's proposed nodifications are
in Attachnent D.

6. Conmpl i ance Testing
In addition to the Cumul ati ve Sum production line testing

descri bed above, the staff's proposal includes new engi ne
conpliance testing requirenents simlar to other on- and off-road
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progranms. Unlike production |ine testing, which wuld be
automatically conducted by the engi ne manufacturer, new engine
conpliance testing would be conducted only when ordered by the
ARB. New engi ne conpliance testing is typically ordered only
when there is evidence to indicate a possibility of

nonconpl i ance. The testing would then be carried out by ARB, the
engi ne manufacturer, or a third party, at the ARB s discretion.
Conpl i ance testing would be perforned according to the
certification test procedures.

7. Labeling

Manuf acturers would be required to install on all new 2001
and subsequent nodel year |arge spark-ignition engines |abels
that identify the engine as being certified for sale in
California. The label clearly identifies an engi nes as one that
has conplied with the ARB regulations and is legal for sale in
the state. The use of the label is a sinple enforcenent tool for
the regulations. |If an engines has no |label, it is not legal for
sale. Additionally, when perform ng new engine testing, testing
the | abel provides the information to identify the engine famly,
test cycle, and engine settings. The |abel would include the
engine famly identification nunber, the date produced, and any
speci fic exhaust em ssion control devices utilized on the engine.
The specific fuels, engine lubricant, and the engi ne di spl acenent
must al so be shown on the | abel.

8. Def ects Warranty

For 2001 through 2003 nodel year engi nes, the manufacturers
woul d provide a two year em ssions defects warranty to the
ultimate purchaser, simlar to the basic nmechanical warranties
of fered by many manufacturers now. The requirenent is simlar to
the smal|l off-road engi ne two-year em ssions defects warranty and
the five-year or 3000- hour Heavy-Duty O f-Road em ssions defects
warranty, and would ensure that em ssions-related parts are free
of defects.

The warranty woul d not cover the basic engine with respect
to normal wear or failure, but only specific, listed em ssions-
related parts. Manufacturers would provide, free of charge to
the purchaser, repair and replacenent of any parts included on
the warranty parts |list that are defective.

C. 2004 Conpl i ance

As noted, the Tier 2 em ssion standards (i.e, the addition
of the durability requirenent) would go into effect in 2004.
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1. Deterioration

Manuf acturers woul d use a deterioration factor (DF) to
represent the deterioration expected of an engine at the end of
its em ssions durability period. To establish a DF the
manuf acturer woul d test an engine at zero hours, at the m ddl e of
the durability period and at the end of the durability period.
The manufacturer would be allowed, but not required, to test at
addi tional points at equal intervals between zero hours and the
end of the durability period. The manufacturer may al so choose
to replicate tests for greater certainty. The manufacturer would
fit aline to those points, and determ ne the DF by cal cul ating
the value for the end of the em ssions durability period and
di viding that value by the value at zero hours. The DF would be
mul tiplied by the zero-hour em ssions whenever an engi ne was
tested for the production-line testing or new engi ne conpliance
prograns, alleviating the need to performcostly engine aging on
each test engine.

Manuf acturers may choose to use the durability denonstration
not ed above or an alternative. The proposal would all ow
manuf acturers to develop their own procedure to denonstrate the
deterioration of their engine over its useful life.
Manuf acturers have a variety of data available to them such as
performance test results and warranty information from previ ous
years, to establish deterioration rates. Mnufacturers using
alternative nmethods of durability denonstration would still be
responsi bl e for engine conpliance during in-use testing.

2. Useful Life and Em ssions Warranty Peri ods

The proposed useful |ife period for engines bel ow one liter
is 3000 hours or five years; for engines one liter and greater,
it is 5000 hours or seven years. As noted above, these periods
represent typical "half-lives" (the point at which one-half of
the original engines have left the fleet) of these engines.

The em ssions defects warranty period would be 80 percent of
the useful life period. Thus, the warranty period for engines
bel ow one liter would be 2400 hours or four years, while the
warranty period for engines one liter or greater would be 4000
hours or five years.

3. I n- Use Testing

To ensure that certified engines are neeting the em ssion
st andards throughout their useful lives, the staff al so proposes
an in-use testing program Each year, the ARB would identify the
engine famlies to be tested for the in-use testing program For
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each engine famly sel ected, engine manufacturers would have to
perform em ssion testing of an appropriate sanple of in-use

engi nes and submt the resulting data to ARB. Upon notification
that an engine famly has been sel ected, a manufacturer would
have 12 nonths to provide a plan for ARB approval. Testing would
begi n when the engi nes had accunul ated sufficient hours of
service; testing nust be conpleted within two years of
notification.

For each nodel year, the ARB would be limted to selecting
no nore than 25 percent of the manufacturer's total nunber of
engine famlies. For manufacturers producing fewer than four
engine famlies in a nodel year, the ARB could choose one engi ne
famly per nodel year for in-use testing. Staff has agreed to
wor k cooperatively with the U S. EPA in choosing famlies in
order to mnimze the burden on manufacturers. The expectation
is that the conmbined ARB and U S. EPA testing will be belowthe
25 percent cap in nost instances.

Engines to be tested nust have accunul ated a m ni mum of 75
percent of the famly's useful life. A mninmmof four engines
per famly nust be tested, provided that no engine fails any
em ssion standard. For each failing engine, two nore engi nes
must be tested until the total nunmber of engines equals ten. 1In
recogni tion of the special concerns of |ow volune engine
manuf acturers, the mnimumfor engine famlies with nationw de
sales of less than 500 units or for engi ne manufacturers whose
total national production for that nodel year is 2,000 engi nes or
| ess, would be of two engines per famly, provided that no engine
fails any standard. At the discretion of the Executive Oficer,
an engi ne manufacturer may test nore engines than the m ni mum or
may concede failure before testing a total of ten engines.

To further accomodate | owvol une engine famlies, the
Executive Oficer may approve an alternative to manufacturer
in-use testing. Such alternatives nust be designed to determ ne
whet her the engine famly is in conpliance in-use, and woul d be
l[imted to cases where:

(A) National production of the engine famly is 200 per
year or |ess;

(B) Engines cannot be obtained for testing because they are
used substantially in vehicles or equipnent that are
not conducive to engine renoval such as |arge vehicles
or equi pnent from which the engi ne cannot be renoved
w thout dismantling either the engine, vehicle, or
equi pnent; or
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(© Oher conpelling circunstances associated with the
structure of the industry and uni queness of engine
appl i cations.

If a selected in-use engine fails to conply with any
appl i cabl e em ssion standards, the manufacturer nust determ ne
t he reason for nonconpliance and report all such reasons within
fifteen days of the end of testing. The manufacturer nust
electronically submt to the Executive Oficer all em ssion
testing results generated fromthe in-use testing programwthin
three nonths of conpletion of testing.

The Executive Oficer wll consider failure rates, average
em ssion |l evels and the existence of any defects, anong ot her
factors, in determ ning whether to pursue renedial action. The
Executive O ficer could order a recall pursuant to Section 2439
before testing reaches the tenth engine. However, prior to an
ARB- ordered recall, the manufacturer may performa voluntary
em ssions recall. Such manufacturer would remain subject to the
reporting requirenments. Once ARB determ nes that a substanti al
nunber of engines fail to conformw th the requirenents, the
manuf act urer woul d not have the option of a voluntary em ssions
recal | .

4. Credits

In general, any engine famly certified to the 2004 and
| at er nodel -year em ssion standards would be eligible to
participate in the in-use credit program however, engines that
are delivered to a "point of first retail sale" outside of
California would not be eligible.

An engine famly with a conpliance |evel, as determ ned by
i n-use testing, below the em ssion standards to which it is
certified would be able to generate em ssion credits for
averagi ng, banking, or trading. Positive credits generated in a
gi ven nodel year could be used in that nodel year or in any
subsequent nodel year. Additionally, in-use credits could be
used to renedy an em ssions exceedance. Since sone nanufacturers
may wish to build a credit reserve, the proposal wuld allow a
manuf acturer to voluntarily perform additional in-use testing to
generate credits.

Credit Calculation - For each participating engine famly,
em ssion credits (positive or negative) would be cal cul ated
according to the follow ng equation and rounded to the nearest
gram

Credits (grans) = SALES x (STD - CL) x PONER xAF x LF x UL
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Wer e:

SALES = t he nunber of eligible sales tracked to the point of
first retail sale in California for the given engi ne
famly during the nodel year

STD = the em ssion standard in g/ bhp-hr

CL = conpliance level of the in-use testing in g/bhp-hr.

Power = the sal es-wei ghted average power of an engine famly in

bhp. The power of each configuration is the rated
output in kilowatts as determ ned by SAE J1228.

AF = adj ustnment factor for the nunber of tests conducted.
The adjustnent factor is based on the degree of
confidence level that the results of the nunber of
engi nes tested represent the engine famly's
performance. The adjustnent factors are shown in
Table 9, below, with the exception that when a
manuf act urer concedes failure before conpletion of
testing, the adjustnent factor shall be 1.0:

LF = Load factor, which is the fraction of rated engi ne
power utilized in-use (0.32 for engines with
di spl acenent of 1.0 liter or greater; 0.47 for engines
wi th displacenent less than 1.0 liter).

UL= useful life in hours (5000 hours for engines with
di spl acenent of 1.0 liter or greater; 3000 hours for
engine with displacenment less than 1.0 liter).

Table 9
In-Use Credit Adjustnent Factors
Nunber of Adj ust nent Fact or
Engi nes Tested
2%, 4 0.5
0.75
8 0.9
10 1.0

*Smal | vol unme manuf act ur er

A manuf acturer who participates in the in-use credit program
woul d be required to submt an end of the nodel year in-use
testing credit report. The report would contain the cal cul ated
credits fromall the in-use testing conducted by the manufacturer
for that nodel year. Manufacturers nust denonstrate a zero or
positive credit balance for a particular nodel year within 90
days of the end of the in-use testing of that nodel year's engine
famlies, or at the sane tinme as the final certification
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averagi ng, banking and trading report, whichever is later. To
ensure a benefit to air quality, the credits used to denonstrate
a zero or positive credit balance would have to be used at a rate
of 1.1 gramto 1 gram

A manuf acturer of an engine famly with an in-use conpliance
| evel exceeding the em ssion standards to which the engine famly
is certified, may, prior to the date of the report, use credits
to remedy the exceedance. The manufacturer could do this by
usi ng previously banked credits, purchasing credits from anot her
manuf acturer, or performng in-use testing of additional engine
famlies to generate credits. A manufacturer would have to
notify the Executive Oficer of plans to test additional engine
famlies beyond the 25 percent engine famly l[imt for the
required in-use testing program |[|If the additional testing
i ndi cated a manufacturer-selected engine famly was in
nonconpl i ance with the em ssion standards, the testing would be
treated as if it were a failure of the normal in-use testing
requi renment of an engine famly.

In the event of a negative credit bal ance resulting froma
transaction of emssions credits, both the buyer and the seller
woul d be |iable, except in cases involving fraud. Engine
famlies participating in a negative trade nmay be subject to
recal | .

D. | nclusion of Forklifts in the Non-preenpt Category

In 1992 and 1993, staff worked with the Industrial Truck
Association (I TA) and other industry groups to clarify
term nol ogy and determ ne whet her a piece of equi pnent was
construction or farm equi pnent when considered in the context of
the U S. EPA s 1991 proposed primary-use test (final rule
promul gated by the U S. EPA in July, 1994). In a letter from ARB
to U S. EPA dated July 20, 1993, staff presented a |ist of
preenpt and non-preenpt equi prent agreed upon by ARB and the
various industry groups. The agreenent regarding forklifts was
based on data presented to staff fromITA  The data indicated
that "a very significant quantity" of forklifts over 50
hor sepower were used on construction or farmsites.

Since then, staff has obtained data that has called into
question the basis for listing forklifts over 50 horsepower as
preenpt. It now appears that only a small percentage of the
forklifts are used in construction or farmactivities, well under
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the 51 percent primary use determi nation. Thus, the staff has
adj usted the scope of the large spark-ignition engine proposal
and the em ssions inventory to reflect the inclusion of al
spark-ignition engine forklifts, except rough terrain forklifts,
into the non-preenpt category.

The data used to reach the concl usion was obtained fromtwo
sources: 1996 report by the National Propane Gas Associ ation
(NPGA) on the role of propane in the forklift market, and the ARB
| arge spark-ignition engine em ssions inventory. The NPGA report
provi ded general information and statistics on the 1995 U. S
forklift population. 1In the report, class 4, 5 and 6 forklifts
(it nternal conbustion engine forklifts, not rough terrain) as a
group were divided into the follow ng industrial sectors:
construction, manufacturing, transportation/utility, retail,
whol esal e, services, and "other." The report indicated that the
construction and "other" sectors conprised only 11 percent of the
group (manufacturing was the largest group with 36 percent).

Addi tionally, 80 percent of the forklifts were estimted to use
spark-ignition engines with the renai nder being conpression-
ignition engines. Based on these splits and using the percentage
of engi nes by horsepower splits in the ARB's inventory, the

concl usion was that no nore than 18 percent of forklifts 50-175
hor sepower woul d be in construction and farm applications.

E. O her Requl atory Requirenents

1. Underwiters Laboratories

Underwiters Laboratories (UL) is a not-for-profit
corporation whose reputation for certifying the safety of
machi nery, equi pnent and consuner products is known worl dw de.
UL certification of a product signifies that it has been tested
and determ ned to neet UL standards for safeguardi ng operators
agai nst exposure to such hazards as electrical shock, fire,
excessively high surface tenperatures, etc.

Several equi pnent manufacturers have informed staff that
their custoners expect the equi pnent they purchase to be UL
approved. These manufacturers express concern that the presence
of catalytic converters could make it difficult to neet UL
requirenents for fire safety and safety from exposure to high
tenperature surfaces. They al so express concern about the
expense of conducting the tests required by UL.

Staff has discussed this issue with UL personnel, who have
indicated that they do certify catalysts. The UL catalytic
converter requirenents limt the tenperatures of surfaces |ocated
adjacent to a nuffler or catalytic converter, while maintaining
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the converter's structural capability to contain backfire
pressures, etc. Certification can be conducted directly through
testing of the conplete converter/equi pnent configuration, or,
alternatively, through testing of the converter as a conponent in
a reference installation. The reference installation usually
represents a worst-case scenario in terns of engine size,
converter proximty to sensitive surfaces, etc. The conponent
eval uation ensures that all requirenents (tenperature, etc.) are
met in that reference installation. The equi pnent manufacturer
woul d then need to show UL, through engineering eval uation, that
its application is simlar to or inherently safer than the
reference installation. This process mnimzes the actual
testing for UL approval and shares the costs and responsibility
for the approval between the equi pnment manufacturer and the
catal ytic converter manufacturer. Catalyst manufacturers have
stated that this process will mnimze the costs of UL approval.

2. Cal CSHA

The Federal Occupational Safety and Health Act of 1970
contains provisions allowmng California to admnister its own
wor kpl ace safety and health program California's programis
called Cal OSHA and is adm nistered by the state's Departnent of
I ndustrial Relations (DIR). O particular interest are the
requi renents and regul ati ons Cal OSHA has established to safeguard
wor kers from harnful exposure to engine exhaust and its
conponents. A primary regul ati on of concern regards worker
exposure to several airborne contam nants, including CO and NG
(Title 8, California Code of Regul ations, Section 5155). Cal OSHA
al so has standards placing limts on engi ne exhaust em ssion
concentrations of CO and the test procedure to be used for its
measurenent (Title 8, California Code of Regul ations, Section
5146). DIR does not routinely test engines to determ ne whether
they neet the Cal OSHA CO em ssi on requirenents.

Staff has di scussed the proposed | arge spark-ignition engine
regul ations with DIR personnel in order to coordinate and avoid
conflicts with existing Cal OSHA requirenents. At present, ARB
and DIR agree that no conflict exists between the agencies’
em ssion requirenents, since the ARB's requirenents wll either
cap or reduce CO em ssion |evels.

V. TECHNOL OGY

As noted earlier, SIP Measure ML1 was devel oped in 1994 from
t he assunption that manufacturers would be able to use
cl osed-l oop three-way catal ysts that would result in a 75 percent
reduction in the HC inventory and a 50 percent reduction in the
NOx inventory. The proposed exhaust em ssion standards remain
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per f or mance- based; manufacturers will be able to use any
technol ogy that acconplishes the ultimate goals. The staff's
proposal would, in the near-term require manufacturers to
accelerate the introduction of proven control technology and, in
the md-term require mnimzation of em ssions deterioration.

The foll ow ng discussion is a general overview of technol ogy
likely to be used. A nore detailed analysis is contained in the
Techni cal Support Docunent.

A Catalytic Converters

The catalytic converter is the primary technol ogy
responsi bl e for the remarkabl e i nprovenents in autonotive
em ssion control over the past two to three decades. |I|ndeed, due
|largely to the catal ytic converter, ozone-form ng em ssions from
a nodern autonobile are less than ten percent of the levels of an
uncontrol l ed vehicle of the 1960s, with inproved operability and
fuel econony as an added bonus. The typical nodern autonotive
catalytic converter consists of an active catalytic materi al
(usually one or nore noble netals such as platinum palladium or
rhodi um applied as a washcoat to a substrate (usually ceramc or
metal ), surrounded by a mat and placed in a housing ("can") which
al so acts to direct the exhaust flow over the active material so
as to maxi m ze surface exposure. The two mmjor types of
converters are described in detail in the Technical Support
Docunent. Staff expects that three-way catal yst technol ogy wll
be the approach used to neet the proposed | arge spark-ignition
engi ne em ssi on standards.

Catal ysts have | ong been used to reduce em ssions froml arge
spark-ignition engines in special operating environnments such as
m nes and i ndoor warehousing applications. As explained bel ow,

t he design and operation of nost |arge spark-ignition engines and
aut onobil e engines are simlar; thus direct application of
current autonotive catal yst technology to | arge spark-ignition
engines is both likely and expect ed.

Several engi ne manufacturers have expressed concerns
regarding durability of a catalytic converter and the technical
chal I enges regarding use that differ from autonobile
applications. These include heat managenent, deactivation by
poi soning fromlubricating oil, space available for the catalyst,
and the physical location of the converter relative to the
engi ne.

1. Heat Managenent

Sone engi ne manuf acturers have rai sed concerns about the
catal ytic converter’s external tenperature. Because the
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converter for nost engines’ applications is in close proximty to
both the engine and the equi pnent, for sonme applications, the
converter could be exposed to ignitable adjacent materials.
However, the Manufacturers of Em ssions Controls Association
(MECA) and individual catalytic converter/muffler manufacturers
indicate that properly designed external shielding and insulation
mat eri al around the converter elimnate this concern

Several engi ne manufacturers expressed concerns regarding
the thermal durability of the catalyst. Historically, thernal
deactivation of catal ysts has been known to occur when
t enper at ures exceeded 2100° F (1050° C); at the deactivation
tenperature of a catalyst, sintering causes a loss in active
area, dependent on the tinme spent at that tenperature. However,
in recent years, because of the need to close-couple catalysts in
autonotive applications and in anticipation of the US06! driving
cycl e, catalyst manufacturers have devel oped catal yst technol ogy
which is thermally stable well in excess of the aforenentioned
tenperatures. One catal yst manufacturer has indicated that there
are current catalyst designs that can handle |limted tenperature
excursions into the 1200 °C tenperature range w thout significant
t hermal degradation of the catalyst. Al so, enploying electronic
fuel -injection technology will elimnate the extrenely rich
excursions currently experienced wth these engines which wll
serve to mnimze catal yst bed tenperatures. Furthernore, the
typi cal engine-out tenperatures from gasoline-fuel ed engi nes are
approxi mately 500° Cto 650  C, while LPG engi ne-out tenperatures
are only slightly higher. 1In short, existing catalytic converter
t echnol ogy has denonstrated thernmal durability in autonotive
applications; thus, there is no reason to believe the therm
durability would not also be denonstrated on | arge spark-ignition
engi nes.

2. Packagi ng | ssues

An addi tional technical issue faced when using catalysts is
the additional space needed by sone equi pnent applications. A
single large spark-ignition engine famly may be used in a w de
variety of applications. |If a catalyst is to be added to a |arge
spark-ignition engine, it is inperative that it adhere to the
exi sting space envelope. Further, it is not practical to design
uni que exhaust systens and catal ytic converters for a variety of

1

The USO6 driving cycle is a high speed vehicl e chassis-
based em ssion test cycle to be required by ARB beginning with
t he 2000 nodel year passenger cars and light-duty trucks. The
USO6 driving cycle’s anticipated engi ne-out tenperature exceeds
today’ s chassi s-based em ssion test cycle.
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applications. Thus, any catalyst wll have to work across broad
equi pnment applications.

Packagi ng issues are particularly relevant for forklifts.
The size of forklifts is critical (over-all height, turning
radi us, wheel base, sitting position of operator on hood), which
results in limted space for additional exhaust conponents.
| ncreasi ng the physical size of the forklifts is not considered
an option, as warehouse and yard space is critical wth many of
the current facilities designed around the size and capabilities
of the forklifts.

As one mmj or catalyst manufacturer pointed out, one
appropriate solution is to enploy an integrated catal yst and
muf fl er assenbly. Forklift manufacturers already have experience
wi th this approach, which has often been used for indoor
applications. MECA has al so provided confirmation that converter
mufflers can sinply replace the original equipnment nuffler and
hence occupy the sane space.

Anot her solution is to bolt a close-coupl ed catal yst
directly to the manifold, as is the case for sone autonotive
catal yst systens. Again, MECA has submtted information
denonstrating that close-coupled catal ysts have al so been used
wi thin the physical constraints of forklifts. Additionally, MECA
i ndicated that the Underwiters Laboratory has approved a nunber
of catalyst/nufflers designed for forklifts.

3. Poi soni ng

Cat al yst poi soning i s another possible cause of catalyst
deactivation. Poisoning is primarily related to engi ne oi
passi ng the engine's piston rings and val ve gui de seal s and
entering the exhaust stream Additives in the oil, such as
phosphorus and zinc, then coat the catalyst, reducing its
activity. The higher throughput or "space velocity" under which
a large spark-ignition engine catal yst operates coul d aggravate
the condition. This is because a given concentration of
contam nant in the exhaust will result in a greater quantity of
t he contam nant passing through a given volunme of the catalyst.

The extent of the problem depends upon overall oi
consunption. One of the major contributors to oil consunption is
cylinder bore distortion when the engine is hot. This problemis
nore severe with side-val ve engines than with overhead-val ve
engi nes because a side-valve's exhaust port is adjacent to the
cylinder and nore difficult to cool. The industry trend to
over head-val ve engines is the obvious solution to oil consunption



-33-

probl ens. O her approaches include tighter manufacturing
tol erances and the use of inproved seals which |imt the oi
avai l able to the val ve gui des.

Cat al yst manufacturers are aware of the effects of
| ubrication oil contam nation and have desi gned catal ysts which
resist it for other applications. A good exanple of this is in
Tai wan where approxi mately 3,000, 000 two-stroke notorcycl es have
been successfully equi pped with catal ysts since 1992. These
t wo- stroke notorcycles burn lubricating oil which has been m xed
with the fuel; hence, the concentration of oil contam nants in
t he exhaust are significantly higher than typical autonotive
exhaust. MECA has additional data showing catalytic nmufflers on
forklifts to be effective after 6,000 to over 10,000 hours of
oper ati on.

Finally, even oil conposition today hel ps work agai nst the
possibility of catal yst poisoning. Today's commercially
avai l abl e engine oils frequently contain cal cium and manganese-
based oil additives; those additives reduce the anount of
phosphorus whi ch adheres to the catal yst.

4. Engi ne Design Constraints

Exi sting | arge spark-ignition engines typically run at rich
air to fuel ratios, and so have high concentrations of exhaust
gas constituents requiring conversion. On average, current
engi nes have in-use HC+tNOx em ssions of between 12 to 14 g/ bhp-
hr. The high specific throughput and the high concentration of
pollutants result in heat generation in the catalyst. The
thermal energy fromthe exothermc catalytic reaction nust be
di ssipated within the space avail able for the current engi ne and
exhaust system However, this should not be a concern based on
data subm tted by MECA which show that current catalyst
t echnol ogy used on these engines is capable of reduci ng HC+NOx
| evel s from approximately 20.5 g/ bhp-hr to 1.14 g/ bhp-hr even
wi th the higher space velocities associated with these systens as
conpared to autonotive applications.

The need for a conpact, self-contained exhaust system on
smal l er | arge spark-ignition engines may require nounting of the
exhaust system and catal yst directly to the engine. The close
proximty of the engine to the catal yst aggravates the nechani cal
| oads to which the catalyst is subjected, as engine vibration is
directly transmitted to the catalyst. Long term exposure to
t hermal excursions, and the significant engine vibration wll
i ncrease the susceptibility of the converter and associ ated
exhaust system conponents to nechanical failure. However, the
need for close couple catalysts to neet the Low Em ssion Vehicle



- 34-
requi renents and anticipation of USO6 requirenents have led to
recent advances in catalyst and canning materials that alleviate
t hese concerns.

B. Cl osed-Loop Fuel Delivery

The nost direct way to reduce HC em ssions from | arge spark-
ignition engines would be through the use of nore precise and
consistent fuel-air ratio control. Especially in smaller
di spl acenents, the carburetors and m xers used on many | arge
spark-ignition engines, both gasoline and LPG are quite
rudi mentary. They are adequate in terns of allow ng the engine
to operate and provide power satisfactorily, but they cannot
provi de the constant and precise fuel-air ratio control needed
under all operating conditions to avoid periods of excessively
rich mxtures. This can result in high HC and CO em ssi ons.

Aut onoti ve-type closed-1oop controls, utilizing an exhaust gas
oxygen sensor and an electronic control unit (ECU) to control a
LPG fuel regulator, special carburetor or fuel injection system
can elimnate rich m xture excursions under nost operating
conditions. Engine hardware for cl osed-loop control systens was
devel oped and used starting in the early 1980's for autonotive
applications; it is therefore readily available for use in |large
spar k-ignition engines.

As di scussed in the Technical Support Docunent, precise
fuel-air control is needed to maintain the near-stoichionetric
m xture necessary for proper three-way catal yst operation.
| ndeed, in autonotive use, closed-loop control is an em ssion
control strategy in and of itself, but its main purpose is to
all ow the maj or em ssion reductions possible with advanced
catal ysts.

C. Tinmng Retard

NOx can be reduced by retarding the ignition timng.
Retarding the timng nmeans that nore of the conbustion occurs
|ater in the expansion portion of the power stroke. This results
in lower tenperatures and pressures and therefore | ower NOX
formation in the conmbustion chanber. Unfortunately, retarded
timng also results in reduced power and reduced thernal
efficiency. The inpact on performance and fuel econony can be
severe and places a practical limt on how nmuch NOx reduction can
be achi eved through this nethod, but properly nanaged, nobdest
timng retard is an effective and i nexpensive NOx control
strat egy.

D. Exhaust Gas Recircul ati on
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Exhaust gas recirculation (EGR) involves the redirection of
a portion of the exhaust gases into the engine intake and thus
into the conbustion chanber. This dilutes the incomng fuel-air
charge and provides thermal nmass to absorb heat and sl ow reaction
rates, reducing conbustion chanber tenperatures, and thus NOx
formation. Proper calibration is necessary since excessive EGR
| eads to reduced conbustion stability. But, if carefully
applied, EGR can provide significant NOx reductions with m ni ma
i npact on performance, fuel econony or other em ssions.

E. El ectric Vehicles and Equi pnent

Many types of equipnment that are included in the |arge
spark-ignition category have electrically-powered counterparts.
El ectrical |l y- powered equi pnent, having zero em ssion |levels, is
typically used in indoor materials handling applications, e.g.,
forklifts used in warehouse type building supply stores.
Electric forklifts with |ift capacities of up to 12,000 pounds
are available fromseveral forklift manufacturers, such as
Toyota, Nissan, NACCO dark, Crown, and others. As another
exanpl e, Tayl or-Dunn Manufacturing Conpany nekes and sells burden
carriers and utility vehicles to the U S. Postal Service, anong
ot her custoners. Additionally, because of air quality concerns,
many airlines utilize electric ground support equi pnent (for
| uggage handling, etc.) at various airports.

El ectrical |l y- powered vehicles and equi pnent utilize |arge
battery packs, typically of deep discharge | ead-acid design, to
provi de the power for equi pnent operation. The batteries nust be
recharged periodically and, unless they are of the
mai nt enance-free variety, water |levels need to be nonitored and
mai ntai ned. Charging facilities nmust also be provided with
proper ventilation to avoid expl osi ve hydrogen gas bui |l dup.
Battery packs can weigh as nmuch as one to three thousand pounds
dependi ng on application, and require special equipnent for
handling. (Usually a major problemin vehicul ar applications,
such heavy wei ghts can actually be advantageous for equi pnent
i ke counterbal anced forklifts.) For nost working applications,
battery packs generally are sized to allow operation for a
conpl ete eight-hour shift on one charge. Endurance in sone
applications nmay be | ess, depending on duty cycle and ot her
factors.

Upon battery exhaustion, and dependi ng on the equi pnent and
its design, the equi pnent can either be renoved from service
during the recharge period or the battery pack can be exchanged
for a fully-charged pack. In this way, the equipnment can be kept
operating continually, in use with one battery pack while anot her
is being charged back to full capacity. Proper design mnimzes
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t he exchange tine to just a few mnutes, utilizing

qui ck-di sconnect connectors, sliding/rolling battery hol ders and
ot her specialized accessories. Battery pack costs can anmount to
about 10 to 15 percent of the total equipnent cost, and nost
operators obtain at | east one additional pack to allow multi-
shift operation.

The El ectric Power Research Institute (EPRI) is currently
devel oping a fast charger systemthat can greatly reduce the tine
required for battery charging. For exanple, the typical forklift
battery pack requires approxi mately ei ght hours to recharge with
conventional chargers. The new EPRI fast charger can bring the
sane pack to full charge in about one half hour, though it woul d
periodically require a one to two hour equalization charge. The
proj ected cost of the fast charger is about $25,6000, but for a
| arge enough fleet this could be nore than offset by elimnating
the need to procure extra battery packs to extend vehicle
operation tine.

A maj or advantage of electrically-powered equipnent is that
they typically require far | ess maintenance than conparabl e
equi pnent powered by | arge spark-ignition engines since they do
not require oil changes, spark plug replacenent, etc. 1In
addition, electric equipnment powertrain conponents are inherently
nmore reliable, and fuel (power) costs may be drastically reduced,
dependi ng upon utility rates for comrercial custoners. These
factors generally result in reduced total life cycle costs.
El ectric equipnment is also invariably quieter than its engine
power ed counterpart.

Di sadvant ages of el ectric-powered equi pnent include reduced
work capacity. For exanple, nost electric forklift manufacturers
only make their products available wwth [ift capacities of up to
12, 000 pounds, while spark-ignition engine-powered nodels with
capacities of three tinmes that are available. Electric equipnent
is also typically slower, has slower lift speeds and does not
operate as well on steep ranps and sl opes. However, further
devel opment work continues to extend the capabilities of
el ectrically-powered industrial equipnent.

Popul ation data for 1995 indicate that there were over
41,000 ride-on type electric-powered forklifts in operation in
California in that year. At the same tine there were over 50, 000
gasoline- and LPG fueled forklifts in use in the state. This
information indicates that electric forklifts are comonly
accepted as havi ng adequate perfornmance, and that a significant
portion of the state's forklift popul ation can already be
consi dered zero-em ssion; thus, the potential to further reduce
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the inpact of this category of equipnment on air quality is avail able.

VI. AR QUALITY, ENVI RONMENTAL AND ECONOM C | MPACTS

A Air Quality and Environnental |nmpacts

1. Benefit of the Proposal

Tabl e 10 shows the significant statew de em ssions benefit
of the staff's proposal in 2010 as conpared to the uncontrolled
em ssions inventory; it also shows the benefit from equival ent
federal control. The data reflect the latest information on
engines in the category affected by the staff proposal and their
em ssions. Additionally, the em ssion inventory includes the
em ssions fromengines used in forklifts greater than 50
horsepower in the “Staff Proposal” nmeasure (non-preenpt engines)
as discussed in section |IV.D. above. Note that discrepancies may
occur due to rounding of the nunmbers to one deci mal point.

Tabl e 10

2010 Statew de Benefit of the Proposal
tons per day

Em ssions I nventory
Measur e Pol | ut ant Reducti ons
Uncontrol led | Control |l ed

St af f HC+NOx 82.3 27.2 55.1
Pr oposal
( Non-
Pr eenpt CO 266. 2 199. 2 67.0
Engi nes)
Assuned HC+NOx 11.2 53 5.9
Feder a
Acti on
(Preenpt co 42.8 30.5 12.3
Engi nes)

HC+NOx 93.5 32.5 61.0
TOTAL

CO 308.9 229.7 79. 2
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2. | npacts on the 1994 Ozone SIP and Inventory

The 1994 State Inplenentation plan (SIP) for Ozone is
California's master plan for achieving the federal ozone standard
in all areas of the state by the federally required date. The
1994 Ozone SIP includes state neasures to control notor vehicles
and pesticides, |ocal neasures for stationary and area sources,
and federal neasures for sources under exclusive or practical
federal control. The 1994 Ozone SIP was approved by the U S. EPA
in Septenber 1996. California s SIPs for carbon nonoxi de and
i nhal abl e particulate matter (PMLO) also rely on nobile source
controls.

a. | nventory Updates - Since 1994, substanti al
i nprovenents have been made to the em ssions inventory for |arge
spark-ignition engines. Updated data on activity, grow h,
popul ation, em ssion rates (including em ssions deterioration),
and whi ch engi ne applications are exclusively under the
jurisdiction of the U S. EPA (i.e., are preenpted), have been
incorporated into the revised inventory.

The inventory revisions show that the projected HCHNOx
em ssions in 2010 fromuncontroll ed engines is approximately 40
percent |ower than anticipated in 1994. Mich of this decrease
results fromnew informati on showi ng a | ower popul ation, sl ower
growt h, and | ower operational |oad factors. The HC NOx split was
al so updated to show a shift toward a higher proportion of NOx
em ssions than was assuned in 1994. Figure 1 illustrates the
i npact of the revised estimates of | arge spark-ignition engine
em ssions. The 1994 SIP estimate shows the uncontroll ed and
controlled em ssions assuned in the SIP. The current estimate
uses the nost current inventory and the staff’s proposed
controls.

Figure 1
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2010 Statewide HC+NOx Emissions Decrease with Revised Inventory
(Includes Preem pt and Non-Preem pt LS| Engines)
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b. Revi ew of SIP Measure ML1 - SIP Measure M1
requires existing technology to be applied in new ways. For
regul ations that require future phase-in of significant new
st andards, equi pnent, or processes, the ARB staff nust
periodically eval uate the technol ogical, econom c, and narket
feasibility of the regulations prior to inplenentation.

According to Volune Il of the SIP, M1 and ML2 are "based on
[the] use of closed-loop three-way catal yst systens,” which are
"expected to reduce ROG by 75 percent, and NOx by at |east 50
percent” (page B-14). As substantiated by the attached Techni cal
Support Docunent (Attachnment E), the staff has determ ned that
t he technol ogi cal foundation of neasure ML1 is sound, although
the specifics of the 1994 anal ysis have changed sonewhat as nore
i nformati on has been gathered, particularly with regards to the
em ssions inventory and the percentage reducti ons achi evabl e by
2010. These specifics are discussed bel ow

C. Assessing the SIP Commtnent - Attai nment of
the national ozone anbient air quality standard is prem sed on
reducing em ssions to a specified |level within an urban area.
The maxi num al | owabl e em ssions |level is called the carrying
capacity. Attainnment of the federal anbient air quality
standards requires that the carrying capacity not be exceeded.
The 1994 SIP established this |evel for each nonattai nnent area,
and the Board approved the em ssion reduction neasures needed to

achi eve this | evel.
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As noted earlier, the SIP goal for |arge spark-ignition
engines is a 75 percent reduction of HC and 50 percent reduction
of NOx, based on the introduction of closed-|oop three-way
catal yst systens. The conbi ned ROG and NOx commitnent in the SIP
is a 68 percent reduction. Although the staff proposal is based
on the use of closed-loop three-way catal yst systens, because the
SIP did not fully account for the effects of deterioration on
catal yst technol ogy, the staff proposal would not achieve the
requi red HC reduction. The proposal woul d, however, achieve nore
t han the mandated NOx reduction. As Table 11 shows, the staff
proposal woul d provide an HC reduction of 67 percent, while the
NOx reduction would al so be 67 percent. The conbi ned ROG and NOx
reduction of 67 percent neets the SIP performance standard
commtnment. The em ssions reductions shown for ML2 are based on
the assunption that U S. EPA w il adopt the sane standards and
i npl ement the regulation in the sane tinefrane as California.

The di screpancies in the percentage reductions between the state
and federal proposals are due to the different equi pnent types
contained in the preenpt and non-preenpt categories (e.g., the
preenpt category contains agricultural equipnment, which is
typically long-lived, so the effects of any federal action would
take longer to be reflected in the em ssions inventory).
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Tabl e 11

2010 Statew de Benefit of the Proposal
Per cent age Reductions from Uncontrolled

Em ssions I nventory Reducti on
Measur e Pol | ut ant
Uncontrol l ed | Control |l ed | Percent t ons
per
day
St af f HC+NOx 82.3 27.2 67% 55.1
Pr oposal
( Non- HC 18. 2 6.0 67% 12.2
Pr eenpt NOX 64. 1 21.1 67% 43.0
Engi nes)
CO 266. 2 199. 2 25% 67.0
Assuned HC+NOx 11.2 53 52% 5.9
Feder a
Acti on HC 2.4 1.2 50% 1.2
(Pr eenpt NOX 8. 8 4.1 53% | 4.7
Engi nes)
CO 42. 8 30.5 29% 12. 3

d. Assessing the SIP Inpacts of the Proposal -
Because of the shift in the em ssions inventory with respect to
the allocation of preenpt and non-preenpt em ssions, M1 and ML2
measures should be considered jointly when evaluating their
effect on the em ssions inventory.

Tabl e 12 summari zes how the revised inventory in the South
Coast Air Basin would be affected by adoption of the ML1 proposal
and federal adoption of the ML2 proposal, and how it conpares
with the SIP's em ssions inventory estimate. The net result is
that the remaining, or controlled em ssions, under the proposal
(along with ML2) differ fromthe SIP em ssions inventory
projections by approximately 16 tons per day of HC+NOx. The
difference is in part due to the changes described in the
di scussion of the em ssions inventory nodel.
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Tabl e 12

Remai ni ng Em ssions From Large Spark-Ilgnition Engi nes Conpared to
the SIP Target for the South Coast Air Basin in 2010
HC+NOx (tons per day)

Em ssions I nventory
Cat egory : Difference
Tar get Resul ting
based on from St af f
SIP Pr oposal *
ML1 22 14 -8
( Non- Pr eenpt ed)
ML2 10 2 -8
(Preenpt ed)
Tot al 32 16 - 16
* Refl ects the assunption that the U S. EPA will| propose

and adopt equival ent standards for preenpt engines.

Tabl es 13 and 14 describe the tons per day reduction
commtnments in “SIP currency” for the Ventura, Sacranento, and
Sout h Coast air basins which relied upon reductions from ML1 and
ML2. Tables 13 and 14 al so show the em ssions reductions
expected fromthe proposed regulations in SIP currency. Although
the commtnent for the South Coast is the greatest, Ventura and
Sacranento need to achieve their benefits five years earlier.

Because the 1994 SIP inventory did not include
deterioration, the SIP currency benefits do not reflect the
proposed regul ation’s focus on in-use standards. The SIP
currency estimate is a conservative estimte, assum ng that
engines emt at the in-use standard throughout their useful Iife,
even though engines will certify (and operate) with | ower
em ssions to allow for deterioration to the in-use standard.
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Tabl e 13
1994 SIP Commitnents and Expected Em ssion Reductions for M1
(SIP Currency in tons per day)
SIP Area Attai nnent | Uncontroll ed SIP Pr oposed
Year | nvent ory Reducti on Regul ati on
Comm t nment Reducti ons
ROG NOx ROG NOx ROG NOx
Vent ur a 2005 0.5 0.3] 0.1 0.06| 0.2 0. 04
Sacranmento | 2005 0.9 0.6] 0.2 0.1 0.3 0. 09
Sout h 2010 35.5| 24.2(23.0 [11.6 |25.42 | 7.3
Coast
Tabl e 14
1994 SIP Commitnents and Expected Em ssion Reductions for M2
(SIP Currency in tons per day)
SIP Area Attai nnent | Uncontroll ed SIP Assuned
Year | nvent ory Reducti on Feder a
Comm t ment Action
Reduct i ons
ROG NOx ROG NOx ROG NOx
Vent ur a 2005 0.4 0.2 0.2 0.1 0.1 0. 05
Sacranment o | 2005 0.6 0.4 0.3 0.2 0.2 0. 08
Sout h 2010 27.9 [17.8 |[25.1 |12.6 | 20.2 6.8
Coast

’Al t hough it appears that the proposal
ROG reductions that the SIP comm t nent,
action woul d achi eve | ess,

this i s not

woul d achi eve greater

and equi val ent federal

t he case.

The SIP

i nadvertently attributed approximtely 2 tons per day of ROG

reducti ons under
The proposed ROG reductions for
action are virtually equivalent to the intended

f eder al

reductions in the SIP

ML2 t hat shoul d have been attributed to ML1.

both the proposal and the assuned
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Al though the staff’s proposal neets the perfornmance standard
commtnment in the SIP, using SIP currency, the proposal does not
entirely achieve the tons per day reductions shown in the SIP
As noted earlier, the mx of equipnment in the preenpt category
differs fromthat in the non-preenpt category. The particular
m x of equi pnment in the non-preenpt category enable the staff
proposal to essentially achieve the ROG tonnage reductions shown
in the SIP. However, the proposal would not achieve the ML1 NOX
tons and the ML2 NOx tons, in part due to the gasoline/ LPG
equi pnent m x, but largely due to the SIP currency not reflecting
the durability aspects of the proposal. Although the SIP
currency must be used to provide consistency with the | egal
obligations of the SIP, the SIP inventory does not reflect the
significant inprovenents to the inventory since 1994.

Tabl e 15 shows the em ssion benefits of the proposal, using
t he updated inventory nodel which enables full nobdeling of the
effects of engine deterioration. It includes estimtes for
sel ected ozone SIP areas in the corresponding attai nnment years,
and al so the South Coast Air Basin and the San Joaquin Air Basin
in 2006, the PMLO attainment date for those areas. The table
shows that the staff proposal achieves significantly nore NOx
reductions than anticipated in the 1994 SIP, which wll aid
attai nment of both the ozone and PMLO standards.

Tabl e 15
Em ssi on Reductions of Staff Proposal

Usi ng Revi sed Em ssions Inventory
(Preenpt and Non-Preenpt Engi nes)

SIP Area At t ai nnent ROG NOx CO PM
Year

Vent ur a 2005 0.07 | 0.3 0.4 0

Sacranment o 2005 0.1 0.5 1.7 0

San Joaqui n | 2006 0.4 1.5 2.5 0

Val | ey (particul ate)

Sout h Coast |2006 3.2 |[13.9 16.8 0
(particul ate)

Sout h Coast |2010 6.4 |23.1 31.6 0
(Qzone)
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e. Summary of SIP Assessnment —The staff’s
proposal neets the 1994 SIP commtnent to achieve a 68 percent
reduction in em ssions of ROG and NOx from of f-road spar k-
ignition engines. The proposal does not fully achieve the tons
of reductions shown in the SIP, |argely because the updated
inventory is 40 percent |ower than assunmed in 1994. However, the
staff’s proposal responds to two major inprovenents to the
inventory. Mre stringent NOx control than anticipated in the
SIP addresses a shift in the inventory fromROGto NOx. In
addition, the in-use standards will reduce em ssions from
deterioration which were not accounted for in the 1994 SIP

B. Econom c | npacts

1. Cost and Cost-Effectiveness

In the May 1998 wor kshop, the various industry neetings, and
Mai | Qut # 98-06, the staff requested that industry provide
specific cost information so that the econom c inpact of the
proposed regul ations could be determ ned. As part of the testing
and denonstration program bei ng conducted for ARB, Southwest
Research Institute al so conducted an econom c analysis. Staff
eval uated the industry responses, along with cost information
fromits contractors, MECA, and other conpanies. The Sout hwest
report is the basis for the nmethodol ogy of the foll ow ng
presentation of increnmental cost and cost effectiveness, with
sone nodi fications and additions based on other information nade
available to staff in response to staff's requests. Two basic
cases, one utilizing cost data supplied in the Southwest report
and the other using data nade avail able by MECA, are presented.

The Sout hwest et hodol ogy conbines all | arge spark-ignition
engines into a typical engine wwth typical em ssion contro
equi pnent, nostly disregarding size or fuel choice (although a
cost benefit for the elimnation of the carburetor from gasoline
engines is included). The typical equipnent consists of the
three-way catal yst, the closed-lIoop fuel control system and an
EGR system The EGR systemwas included in the cost analysis to
provi de a conservative result, even though nost engines are
expected to be able to neet the proposed standards w thout the
need for EGR Hardware cost data for each of the two cases are
presented in Table 16.

Tabl e 16

Vari abl e Cost to Manufacturers
($/ engi ne)



- 46-

ltem Sout hwest VECA
Resear ch dat a
Institute
dat a
Cl osed- Loop Fuel Control $300 $550
Three- Wy Cat al yst $75 (incl.
above)
EGR Comnponent s $40 $40°
Renoval of Carburetor - $50 - $50°
Manuf act uri ng and Assenbly $28 $28°
Labor
Tot al $393 $568
* In the absence of specific data from MECA for these

conponents, the staff has used the Sout hwest Research
I nstitute data.

These costs are called vari abl e because their inpact on a
manuf acturer's total costs varies with the total nunber of
engi nes sold. Note the nodest savings since a carburetor is no
| onger needed. The manufacturing and assenbly | abor cost to
install the new em ssions control equi pnent is based on one half
hour at $40 per hour with a 40 percent overhead.

Fi xed costs are those costs to the manufacturer which remain
constant regardl ess of the nunber of engines eventually produced.
Their inmpact on individual engine retail price decreases with
i ncreasi ng production nunbers. In this analysis, the fixed costs
are considered the sane for each of the two cases. Therefore,
the nore units a manufacturer sells, the |ower the per-unit fixed
costs. Table 17 shows a summary of the fixed costs, as taken
fromthe Southwest analysis. They are based on a total of eight
maj or engi ne manufacturers, a two year design and devel opnent
(D&D) period, and then anortizing the total over ten years at 10
percent annual interest.

Tabl e 17

Fi xed Costs to Manufacturers

|tem Cost

Engi neeri ng Labor $2, 600, 000 per year for two years, 8 nfrs

Test Costs $2, 700, 000 per year for two years, 8 nfrs
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Techni cal Support $80, 000 per year for two years, 8 nfrs

O her Engi neering Costs |$1, 000,000 per year for two years, 8 nfrs

Tool i ng Costs $4, 000,000 , 8 nfrs

Total D&D and Tool i ng $2, 727,613 per year over 10 years, 8 nfrs

The Sout hwest report assuned that little or no basic
research woul d need to be conducted since the recommended
technology is the sane as that used in the autonotive industry
for many years. However, sone devel opnent woul d be needed to
nodi fy | arge spark-ignition engines and equi pnment to acconmodate
the hardware and to gather calibration data. Accordingly,

Tabl e 17 reflects such things as the 300 em ssion tests per

manuf acturer and the 2 engi neer-years per manufacturer that would
be required for each year of the two year D& effort. Staff
suspects that sone of these values are conservative, leading to
hi gher cost estimates, but they represent the best information
readi ly avail abl e.

Avai l abl e information on sales indicate that California
annual sales can be estimated as 11 percent of the nationw de
annual sal es®. Non-preenpt California equipnment sal es are about
75 percent of total California sales. Table 18 presents sales
estimates for preenpted and non-preenpted equi pnent based on
t hese assunpti ons.

Tabl e 18

Equi prrent Annual Average Sal es Esti mates

Segnent California Nat i onw de
Annual Sal es | Annual Sal es
Non- Pr eenpt ed 9, 312 84, 656
Preenpt ed 3,008 27, 344
Tot al 12, 320 112, 000

Staff believes it is inportant to |look at two limting
subcases. The first subcase is where the costs are totally
attributed to devel oping engines for neeting California's SIP
goal s, neaning the costs would be spread over just the 9,312 non-

® Nationwi de sal es estimates were based on 1994-1996 annual
average sal es from Power Systens Research
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preenpted engines sold in California per year. The second, and
per haps nore appropriate subcase, is to spread the costs over al
112, 000 engi nes sold nationw de every year.

The Sout hwest cost nethodol ogy utilizes a 25 percent
manuf acturer's markup and a 10 percent dealer's markup to conbine
the variable and fixed costs into a retail price equival ent (RPE)
for the increnmental cost of the anticipated em ssion controls.
Tabl e 19 presents the per-engine costs for each of these two
cases and two subcases.

Tabl e 19

Em ssion Control Increnental Costs (RPE)

Subcase Sout hwest VECA Dat a
Resear ch
I nstitute Data

California $865 per engi ne [$1105 per engi ne
Non- Preenpt ed Sal es
(9,312 per year)

Nati onwi de Total Sal es | $569 per engine |[$810 per engine
(112, 000 per year)

The table shows that, as expected, Southwest's | ower
estimates (see Table 16) for the fixed costs |lead to | ower per
engine increnental retail prices. This table also shows that
spreadi ng the cost per engine over the |arger nunbers of engines
nati onw de reduces the cost per engine. However, this latter
effect is |imted since the variable costs begin to dom nate the
total cost cal cul ation, approaching the point where the fixed
costs becone less and | ess significant. The worst-case cost
i ncrease, $1,105 per engi ne, has been used for cost-effectiveness
calculations in order not to underestimate the effect of the
proposal. However, because the proposal has been devel oped in
cooperation with the U S. EPA, actual price increases are
expected to be nearer the $569-810 range for nationw de
i npl enent ati on.

To determ ne the cost effectiveness of the proposed
regulations, it is necessary to divide the increnmental cost per
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engi ne for the expected em ssion controls by the expected

em ssion reductions per engine due to the use of those controls.
Tabl e 20 presents the anticipated lifetinme em ssion reductions
for several typical equipnment types. The lifetine em ssions are
derived using the average horsepower, annual usage, |oad factor,
and useful life for each equipnent type. The lifetinme em ssion
reductions is the difference between the uncontrolled and
controlled (2004) lifetinme em ssions.

Tabl e 20

Ef fect of the Proposal
Expected Lifetime Em ssion Reductions

(pounds)
Li feti me Reducti ons

Equi nt Type

qui prrent - 1yp HC NOX HC+NOX
Forklifts
Gasol i ne 2,259 5, 554 7,814
50-120 hp
Forklifts
LPG 1,180 4,736 5,916
50-120 hp
Turf Care 1, 810 1, 988 3,798
25-50 hp
Gen Sets 592 2,284 2,876
50-120 hp
Ai rport
Lavatory Trucks 896 8, 453 9, 349
120- 175 hp

Using the costs presented in Table 19, Table 21 presents the
results of the cost-effectiveness estinmate.
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Tabl e 21

Expect ed NOx+NVHC Cost Effectiveness
Cost per Pound Reduced

Subcase Sout hwest Research VECA Dat a
Institute Data
Range Wi ght ed Range Wi ght ed
Aver age Aver age
California
Non- Pr eenpt ed $0.02 - $0. 18 $0.02 - $0. 23
Sal es (9,312 per $2. 97 $3.79
year)
Nat i onwi de Tot al $0.01 - $0.02 -
Sal es (112,000 $1.95 $0. 12 $2.78 $0. 17
per year)

Al t hough the cost-effectiveness figures can range as high as
$3. 79 per pound reduced, using the worst-case assunptions, the
cost effectiveness weighted by the total nunber of pounds reduced
shows that the overall cost per pound reduced would vary from
$0. 12 to $0. 23, depending on the assunptions used. These cost
ef fecti veness nunbers are on the low (i.e., favorable) end of the
range of commonly accepted val ues for past regulatory efforts.

For exanple, they conpare well with the cost effectiveness
nunbers for using four-stroke engines in blowers, trimers and
chain saws based on the recently-approved snmall off-road engi ne
regul ati ons ($0.28 to $0.75 per pound of NOx+non-net hane HC
(NVHC) reduced) or that of the recent heavy-duty on-road truck
regul ations ($0.05 to $0.60 per pound of NOx+NWHC reduced). The
benchmar k val ues of cost effectiveness for regul ati ons adopted by
the ARB and districts are $5 per pound of NOx or NVHC, with an
upper limt of $11 per pound. Note that even the upper end of
the range for the worst-case estimates falls bel ow t hese
benchmar k val ues.

2. Econom c I npacts on the Econony of the State
a. Summary of Econom c |Inpact on the State -
Overall, nmost manufacturers of off-road | arge spark-ignition

engi nes and origi nal equi pnment using such engines are able to
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conply with the proposed regulation with no significant inpact on
their financial results. These manufacturers are nostly | ocated
outside California. However, sone of them may have snall
operations in California. These manufacturers are generally
expected to pass on the conpliance costs to equi pnent operators
in California. The expected increase in the retail price of an
engine is estimted to be about $1,000, but its inpact on

equi pnent operators is likely to be offset by inprovenent in
engi ne technol ogy. The cost inpact of the proposed regulation to
equi pnent users, thus, is likely to be negligible over the life
of engine. As a result, staff expects the proposed regulation to
i npose no significant adverse inpacts on California
conpetitiveness, enploynent, and business status.

b. Legal Requirenents - Section 11346.3 of the
Governnent Code requires State agencies to assess the potenti al
for adverse econom c inpacts on California business enterprises
and i ndivi dual s when proposing to adopt or anend any
adm ni strative regulation. The assessnment shall include a
consideration of the inpact of the proposed regulation on
California jobs, business expansion, elimnation, or creation,
and the ability of California business to conpete.

Al so, State agencies are required to estimate the cost or
savings to any state, |ocal agency and school district in
accordance wth instructions adopted by the Departnent of
Finance. The estinmate shall include any nondi scretionary cost or
savings to |local agencies and the cost or savings in federal
funding to the state.

C. Busi nesses Affected - Any business invol ved
in the production or use of large off-road spark-ignition engines
woul d potentially be affected by the proposed regul ation. These
engi nes are used in industrial equipnent such as forklifts,
ai rport ground equi pnent, generator sets, mning equipnent,
refrigeration units, scrubber/sweepers, turf care equipnent,
speciality vehicles, etc. Also affected are manufacturers which
supply conponents for engines and industrial equi pnent and
distributors and retailers which sell those equipnent. The focus
of this analysis, however, will be on engine manufacturers which
wll be affected directly by the proposed regulation. There are
about 16 engi ne manufacturers which may be inpacted by the
proposed regul ation; eight are considered to be mgjor
manuf acturers. None of these manufacturers is located in
California, although some may have small operations in
California. A few manufacturers of industrial equipnent and
engi ne conponents are, however, located in California although
they do not account for a significant share of the market.
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d. Potential |npact on Manufacturers - Engi ne
manuf acturers currently have nunerous options to neet the
requi renents of the proposed regulation. These include the use
of the best avail abl e autonotive technol ogy such as three-way
catalyst with closed-1oop electronic fuel injection or a
conbi nati on of ol der technol ogies such as air-fuel ratio
calibration, spark timng calibration, exhaust gas circul ation
(E&R), air injection, inproved open | oop carburetor, and
oxi dation or three-way catalyst. Although the ol der technol ogy
potentially costs |less, staff believes that nost manufacturers
are likely to use a closed-1oop, electronic fuel injection system
with three-way catalyst to conply with the proposed regul ati on

Based on the use of the best avail abl e autonotive
technol ogy, staff estimates that the proposed regulation wll
i ncrease average annual costs of manufacturing of off-road |arge
spark-ignition engine by about $7.9 annually. A detailed
anal ysis of these costs is provided in the study prepared by
Sout hwest Research Institute for the Air Resources Board. A
smal | nunber of well-diversified and | arge manufacturers wl|
incur the bulk of the cost increase. These manufacturers are
nost |likely to pass on the bulk of the cost increase to equi pnent
operators. Low volume engi ne manufactures are unlikely to spend
much of their own resources on this effort, they are nore |ikely
torely on their suppliers. As a result, the proposed regul ation
is expected to have no noticeabl e adverse inpact on affected
manuf acturers.

e. Potential Inpact on Distributors and Deal ers
- Most engi ne and equi pnent nmanufacturers sell their products
t hrough distributors and deal ers, of which sone are owned by
manuf acturers and sone are independent. These distributors and
dealers are not directly affected by the proposed regul ati on.
However, the regulation may affect themindirectly in tw ways.
First, an increase in prices of industrial equipnent could
potentially reduce sales volune. Dealers’ revenue wuld be
i npacted adversely if the reduction in sales volune exceed the
increase in prices. Second, adequate supplies of new engi nes may
not be available in a tinely manner, thereby resulting in a | oss
of sal es.

Staff believes these effects are unlikely to cause a
significant adverse inpact on distributors and dealers. First,
because nost distributors and deal er are expected to pass on any
i ncrease in equipnment prices to operators because all conpeting
equi pnrent will increase in prices as a result of the proposed
regulations. In addition, new engines are potentially nore fuel
efficient and durable. Second, the U S. EPA is planning to adopt
simlar regulations in 1999. The harnoni zation of the state and
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federal regulations is likely to stabilize supplies of all new
engi ne nodel s.

f. Potential |npact on Equi pment Operators - The
potential inpact of the proposed regulation on the retail prices
of affected industrial equipnent hinges on the ability of
manuf acturers to pass on the cost increases to operators of such
equi pnent. Assumi ng that manufacturers are able to pass on the
entire costs of conpliance to operators, staff estinmates the
average retail price of an engine would increase by an average of
about $1,000 per unit. Since an average of about 9,300 equi pnent
are sold in California annually, total costs to California
operators are estinmated to be around $9.3 mllion. However,
California operators are expected to recover the bul k of the cost
increase indirectly. This is because sone new engi nes are
expected to be nore fuel efficient and possibly all new engine
wll be durable. Gven that new engines are likely to be nore
fuel efficient and have longer life, the life-tinme cost inpact of
t he proposed regul ation on California businesses and individual s
is expected to be negligible

g. Potential | npact on Business Conpetitiveness
- The proposed regul ati on woul d have no significant inpact on the
ability of California businesses to conpete with businesses in
other states. This is because all manufacturers of engi nes and
equi pnent that sell their products in California are subject to
t he proposed regul ation, regardless of their |ocation.
Furthernore, all engi ne manufacturers and nobst equi prment
manuf acturers are |ocated outside California. Finally,
California operators of affected equi pnment woul d not be inpacted
significantly because the proposed regul ation has a m nor inpact
on the lifetinme value of such equipnent. Finally, the U S EPA
is expected to adopt simlar regulations in 1999.

h. Potenti al |npact on Enpl oynent - The proposed
regul ation is not expected to cause a noticeable change in
California enploynent. California accounts only for small share
of manufacturing enploynent in industrial equipnent and
conponent s production. Besides, nost engine and equi pnent
manuf acturers are expected to pass on the conpliance costs to
equi pnent operators. However, the lifetinme cost inpact of the
proposed regul ati ons on equi prment operators are not expected to
be significant because new engines are likely to operate nore
efficiently and have a better performance life than existing
engi nes.

Sone jobs nmay actually be created in California as a result
of the proposed regulation. The regulation would possibly
stinul ate the demand for manufacturers of fuel system conponents
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and after-treatnent devices, of which some are located in

Cal i fornia. An expansion of production by California

manuf acturers to neet higher demand may in turn lead to creation
of new j obs.

i Potential | npact on Business Creation,
El i m nati on, or Expansion - The proposed regul ati on woul d cause
no significant change in the status of California businesses.
The regul ation would potentially increase the retail price of an
engi ne by an average of about $1,000. The price increase is
unlikely to danpen demand for industrial equipnment significantly
because the inpact of the price increase is expected to be offset
by inprovenent in engine technology. |In addition, the regulation
is likely to stinulate demand for fuel system conponents and
after-treatnent devices, resulting in an expansi on of production
for sonme California manufacturers.

C. | ssues of Controversy

Al though the staff has nmade every effort to resolve issues
to the mutual benefit of the air and the industry, sone issues of
controversy renain.

1. Test Cycl e- NACCO

NACCO Material Handling Goup, a forklift manufacturer, has
stated that the C2 test cycle is not appropriate for forklift
engi nes. NACCO presented two reasons: 1) NACCO s in-house test
data indicate that the engine |oad factor for the C2 cycle is too
hi gh, and 2) the definition for engine speeds does not address
the different operating characteristics of various engi ne speed
governors. NACCO recommends that the C2 cycle should be nodified
and the definition for engine speed should be revised.

The C2 em ssions test cycle was devel oped, with extensive
industry input, to represent the mgjority of engi ne operation.
NACCO s suggested nodification to the test cycle may refl ect
NACCO s operations, but, unlike the C2 cycle, is not generally
accepted as representative of typical forklift engine operation.
Thus staff does not agree with NACCO s suggested nodifications.

Wth regards to the definition of engine speed, NACCO
contends that engine speed (internediate and rated) should be
revised to reflect the use of pneumatic, nechanical, and electric
governors. In essence, all engines should be tested in each
"governed" engine configuration. Mdification to the speed
definitions based on a manufacturer's hardware sel ection
(governors) would Iimt and encroach on other manufacturer’s
engi ne conmponent choices. Currently, exhaust em ssion
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certification is based on the worst-case em ssion engine
configuration within an engine famly. A manufacturer using two
different types of governors would test only the worst-case
engine for the engine famly. NACCO s suggested changes woul d
result in each engine code being tested to certify the engine
famly. Therefore, staff reconmmends no changes to the C2 test
cycl e.

2. Useful Life Periods

The Engi ne Manufacturers Association, Industrial Truck
Associ ation, and Qutdoor Power Equi pnent Institute, representing
t he engi ne and equi pnment manufacturing industries, have stated
that the proposed useful life periods of 3,000 hours for engines
| ess than one liter and 5,000 hours for engines one liter and
greater are too long. They instead suggest that 1,500 hours and
3,000 hours, respectively, would be nore appropriate for these
engi nes. The manufacturers stated that the staff's use of Power
Systens Research data on engine |ives was inappropriate, and
essentially doubled the periods in question. Despite the
manuf acturers assertions, Power Systens Research has verified
that the staff used the data correctly. Thus the staff stands by
the useful |ife periods as proposed.

3. Smal | Engi nes

Two engi ne nmanufacturers who currently do not produce
engi nes greater than 25 horsepower (Kohler and Briggs &
Stratton), have stated that the em ssion standards for |arge
spark-ignition engines |less than one liter in displacenent should
be the sane as the small off-road engi ne em ssion standards.
However, anot her engi ne manufacturer who produces | arge sparKk-
ignition engines less than one liter has stated that the proposed
em ssion standards are achievable without any difficulties. In
addition, the small off-road engine regulations were prem sed on
the capabilities of the smaller engines in that category. Staff
acknow edges that the less than one liter engines are different
than the larger (greater than one liter) engi nes and thus propose
| ess stringent standards for them However, staff does not
believe that using the small off-road engi ne standards woul d be
appropriate, and would result in a |oss of em ssion reduction
since the under 25 horsepower standards are nunerically |ess
stringent.

4. ATV Definition
Sone manuf acturers have asked that the definition of ATV be

expanded to include all ATVs regardl ess of vehicle weight. The
current definition of ATVs (CCR, Title 13, section 2411) has an
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upper weight limt of 600 pounds. Vehicles over 600 pounds are
defined as specialty vehicles. Thus, specialty vehicles with
engi nes greater than 25 horsepower would be included in this
proposal. Staff has exam ned product literature, and determ ned
that the ATV weight limt provides a |ogical cut point between an
ATV commonly used for recreation and vehicles used to transport
peopl e and materials which are specialty vehicles.

5. Nat i onal Specifications for LPG

Sonme manufacturers have argued that the |ack of a national
standard for LPG neans that LPG equi pnment cannot be certifi ed.
Staff disagrees. Although national specifications would be
desirabl e, and woul d increase harnoni zation, the existing
California specifications would be used for certification and
other em ssions tests. Service accunul ation, including
accunul ation for in-use testing, could be done with comercially-
avai l abl e fuel.

D. Al ternatives consi dered

1. Eval uati on of Alternatives Consi dered

The primary alternative the staff considered was the
del etion of the 2001-2003 requirenents and allowng the U S EPA
to fully inplement the program The | arge spark-ignition engine
i ndustry strongly supported this alternative. However, the 2004
program woul d not, by itself, provide sufficient em ssions
reduction by 2005 (for Sacranento) or even by 2010 (for the South
Coast). It would also be inconsistent with the SIP, which
reflects earlier introduction of conplying engines, and would
pl ace inplenentati on of neasures ML1 and ML2 fully with U S. EPA,
where ARB woul d be just one of many interested parties involved
in establishing the effectiveness and timng of the federal
regul ati ons.

The staff al so considered a performance standard in place of
the prescriptive closed crankcase requirenent. However, the
requirenent is already net by a majority of the engines in the
category and virtually all engines in other regul ated categories
have a simlar requirement. The staff concluded that the
requi renent woul d be | ess onerous to manufacturers than the
inposition of an additional test procedure and further tests.

2. Concl usi on
The proposal described herein would reduce HC+NOx em ssions

in a cost-effective manner. No alternative considered by the
agency woul d be nore effective in carrying out the purpose for
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whi ch the regulation is proposed or would be as effective or |ess
burdensone to affected private persons than the proposed
regul ati on.
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