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BACKGROUND

Essentially all of the increase in highway
transportation energy use since the oil embargo
in 1873 has been due to trucks (see Figure 1) for
two reasons. First, freight fransport provided by
heavy- and medium-duty trucks has continued to
grow concomitant with the expansion in aconomic
activity. Second, there has baen an explosive
growth in popularity for personal transport of low-
mpg (miles per gallon) sport utility vehicles, vans,
and pickup irucks (also used for commercial
transport by business enterprises). Energy
Information Administration (EIA) data [1] show
that in 1996 trucks of all classes consumed more
fuel than automobiles for the first time.

Since it is necessary to continue te produce and
transport goods, and provide services imgortant
far economic growth, commercial trucks must
continue 1o ply the highways amidst the growing
concem about vehicle emissions of criteria
pollutants, global climate c¢hange {rom
greenhouse gases such as carbon dioxide, and
another looming enargy crisis. Two issues have
10 be faced, namely: a) how fo meet the demand
for commerciai transport to sustain continuing
expansion of economic activity in an energy
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efficient and snvironmentaily sound manner and
b) how to increase the efficiency (without
compromising the functionality of pickup trucks,
vans, and sport utility vehicles while reducing
criteria poliutant emissions to very low levels.

A real and viable stralegy 1hat addresses both
issues Is to increase the use of the most efficient
engine in production foday, the diesel
(compression-ignition cycle) engine, utilizing the
most cost-effective emissions control
technolegies.

THE CASE FOR THE DIESEL ENGINE

The diesel engine is the engins-of-choice for
heavy-duty freight transport where efficiency, low
speed power reguirements, durability, and
reliability are important. It is much more efficient
than the gasoline engine, which accounts for its
dominance in commercial transport where cost
compstlitiveness is key to staying in business.
The trend in heavy-duty Diesel engine thermal
efficiency is shown in Figure 2. Truck, rail, and
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Figure 1. Highway Transportation Energy Use
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Figure 2. Increasing Diesel Engine Thermal Efficieney

inland marine transport are almost complately
diesel powerad, and by widespread industry
consensus, are expecled fo remain so in the
foreseeable future.

Other than the diesel engine, there are currently
no available technolcgies thai can directly
compete with the gasoline engine and radicaliy
improve the fuel efficiency of pickup trucks, vans,
and sport utliity vehicles. These vehicles are
popular because of their towing and hauling
capacity, four-wheel drive traction, and off-road
capabhilities. Direct injection diesel enginesin the
power rangs of 200 horsepowsr and graater are
sultable for these tnucks and efficiencies at peak
power are from 38 io 42 percent compared to
gasoline engines at 34 percent.  Recent
experiments ulilizing dirsct injection diesel
engines in these vehicles indicate that fusl
economy can be improved by 85 percent ormore.

Because of this higher efficiency, diesel engines
produce lower greenhouse gas emissions than
comparable gasoline engines (20 petcent less in
the 1970s and now over 30 percent dus to a
widening efficiency gap). With mounting
international pressures to reduce greenhouse gas
emissicns from the U.S. transpotiation seclor, the
diesel engine appears to be a technology for
doing so rather quickly without adverse economic
impacts. The infrastrueture for manufacturing and
servicing the engine is already in place. In
Europe where fuel prices have always been much
higher than the U.8., the diesel engine has
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achieved a substantial measure of acceptance
even for personal transportation.

Desplte its technical advantages over gasoline
engines, concern aboutincreasing “dieselization”
of these vehicles has been expressed by some
environmental groups; these include the Union for
Concerned Scientists, American Lung
Association, American Council for an Energy-
Efficient Economy, Environmental and Energy

. Study Institule, Natural Besources Defense

Council, Sierra Club, Environmental Protection
Agency, California Alr Resources Board, South
Coast Air Quality Management District, and the
Council on Environmental Quality. They have
expressed concem that widespread deployment
of diesel engines in transportation will be
detrimental both to the erwironmentand to human
heaith,

THE EMISSIONS ISSUE: IS THE PROBLEM
THE DIESEL OR THE GASOLINE ENGINE?

The anti-diesel campaign has intensified as it has
become apparent that the diesel engine is the
only currently available alternative to the gascline
engine. Citing studies (albeit based on pre-1990
engines) on potential health offects of diesel
particulate emissions, there has been an attempt
in California to declare diesel exhaust as a toxic
aircontaminantand, therefore, effectively banthe
diesal

A shift to the less efficient (more carbon dioxide
producing) gascline engines for freight transpori



vehicles would be costly to impiement and would
reduce further the already low profitability of
trucking companies. Such as shift assumas that
gasoline exhaustis muchless harmful than digsel
exhaust. This assumptionis by nomeans certain.
Is there sufficient information on the health effects
of gasoline exhaust particulates to determine If
{hey are less delatericus than those from diesel
fuel? Perhapsanexcemptirom an EPA report[2]
comparing the cancer risks from gasoline and
diesel parliculate matter best iliustrates this
uncertainty. The repor states:

“Although gasoline engine emission
particulale matter Is similar to diesei exhaust
in terms of chemical and most physical
properties, the cancer unit risk estimate for
gasoline engine exhaust is based on the
comparative potency method rather than
particles, lor 2 number of reasons. The
comparative polency method is believed, at
present to be the most logical approach for
eslimating cancer risk from gasoline engine
exhaust because, first, the EPA’s particle
based unit risk estimaie is not an ofiicial
estimate and is subject to change. Also,
while the composition of gasoline exhaust
patticulate matter may be similar to that of
diesel exhaust, the particies are
considerably smaller. Cancer poiency may
therefore differ from diese! exhaust bscause
of greater parficle suriace area per unit
volume and because of altered deposition
rates. Finally, since no chronic inhalation
bicassays have been carried out on
gasoline engine amissions (emphssis
ours), a parlicle based cancer risk eslimate,
using the same methodology for dieselwould
containa considerable degree of uncerainty.”

Certain things stand out from this excarpt:

« Toxicity studies have been carried out on
diesel particulates bui not on gasocline
particulates.

« The EPA particle-based unit risk estimate
{which is not official and subjectio change) is
used to estimate the cancer risk from diesel
pasticulates. Using it for gasoline particulates
would cortain a considerable degree of
uncertainty, and, therefore, not done.

« Because they are considerably smaller than
diessl pariculates, gasoline particulates have
greater surface area per unit volume &nd
different deposition rates, and therefcre,
different cancer potency than diesel

particulates. However, health studies indicate
that the smaller particulates maybe more
deleterious than the larger particulates.

Health studies indicate that fine particulates may
be highly toxic to the human lung at very low
masscarcentration because of: a) large numbers
per unit mass; b) high deposition efficiency in the
lower respiratory fract; ¢) inability of the
respiratory tract to clear itself of such particulates;
and d) increased sutface areas avallable for
interactions with cells [3]. These studies indicate
that particulates have a tendeacy to bscome
deeply deposited in the lungs and bronchial
tubes. This tendency increases as the
particulates become smaller, indicating that
gesoline particulates, compared to diesel
particulates, are more readily embedded deeper
inic the lungs and potentially causing problems.
Therefore, gasoline particulates presently could
pose an even greater health risk than diesel
particulates since the greater number of our
vehicles are gasvlineg fusled.

In September 1997 the EPA issued new
standards for fine particulates (or PM 2.5) under
the National Ambient Air Quality Standards
(NAAQS) of 15 and B85 micrograms per cubic
meter annual and daily mass concentrations,
respectively. By comparison, when particulates
that are 0.02 micrometers in size (the size of the
largest number concentration of gasoline
particulates) are inhaled, up to 50 percent ars
deposited in the alveolar region of the human
lung (see Figure 8). At a resting ventilation of 8
liters per minute and exposure concentration of
100,000 paricles per cubic centimeter, about 80
particles per hour per alveolus would be
deposited in a human fung with 300 million
alveoli. This large number of patticles represents
only about 0.5 micrograms per cubic meter.

CAN THE DIESEL MEET FUTURE EMISSIONS
STANDARDS?

Contrary to the oid perception about diesel
engines, high efficlency benefits can be obtained
without penalizing the environment. Gomparedio
1970s dlesslengines, tachnology advances have
reduced emissions of particulates by 85 percent
and nitrogen oxides (NOx)} by 70 percent (see
Figure 4). Today’s heavy-duty diesel engines
emit just under 4 g/bhp-hr of NOx and 0.10 g/bhp-
hr of pariiculates (<0.05 g/bhp-hr for transit
buses}. Inaddition, the Environmental Protection
Agency (EPA} and major engine manufacturers
have issued a “Statement of Principles” that
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Figure 3. Deposition of Particulates iinto the Lungs

requires, by 2004, further reduction 10 0.05 ghbohp-
hrparticulates and 2.4 g/bhp-hr of NOx plus non-
methane hydrocarbons (NMHC) or 2.5 glbhp-hr of
NOx plus NMHC with a maximum of 0.5 g/bhp-hr
of NMHC.

In onjunction with industry pastners, the DOE
Office of Heavy Vehicle Technologies is funding
research and devslopment of advanced low-
emissions, 55 percent efficient (LE-55) Diesel
engine technologies to enable heavy-duty trucks
to continue 1o operate efficiently and meet EPA
emissions standards proposed for2004. Athree-
pronged systems approach (Figure 5) that
simultaneously addresses fuel formulation, in-
cylinder combustion control, and exhaust

eftertreatmient is being employed to arrive at the
most cost-effective emissions control strategy.

Ressarch progress ta date indicates that very low
diesel emissions are lechnically feasible and that
the heavy-duty diesel is well on its way to being

" an environmentally sound engine for continued

economic growth. An approach using a
compination of low-sulfur fuel, exhaust gas
recitculation, and non-thermal plasma exhaust
aftertreatment (see Figure 6) is able to lower NOx
to 0.4 g/bhp-hr and PM emissions to 0.01
g/bhp-hr.

For pickup trucks, vans, and sport utility vehicles,
cooperative agreements are in place o utllize the
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Three-pronged systems approach appears necessary to meet
very-fow emissions without sacrificing engitre efficiency

Figure 5. Diesel Emissions Control Strategy

expertise ofthe U.S. diesel engina manufacturers
to devolve heavy duty diesel technology to these
smaller fruck classes. The question is not if very
low levels ol amissions can be achieved but
rather, what is cost-effactive, and ultmately, what
is the cost to the consumet.

CONCLUSION

The diese! engine has already establiched itself
as the engine-of-choice for the heavy-duty
transport industry because of its fuel efficiency,
durability, and reliabllity. it appears 10 be a viable
near ierm solufion for reducing transporiation
energy use and emissions of carbon dioxide, a
greenhouse gas. However, many. groups are

concamed about diesel engines and the
likelihood of extensive use of diesels in
transportation, Also, there had been a move 1o
classify diesel exhaust as a toxic air contaminant.
This may be rather premature becauss there are
studies and scientific evidence that indicate that
gasoline parliculates (at e low mass
concentirations that seem to favor the gasoline
over the diese! engine) can potentialiy be more
deleterious to human health. Therefore,
judgment on the diesel should not be rushed.
Conversion of all commercial freight transport to
gasoline engines could turn out tc have negative
environmental, health, and safety impacts greater
than those of the new clean diesel engines.
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ABSTRACT

Heavy-duty vehicles account for approximately 30
percent of the oxides of nifrogen (NOx%) and 65
percent of the particulate matter (PM) emissions
from the enfire Califomia on-road fleet, despite
the fact that these vehicles comprise only 2
percent of the same. To meet legislative
mandafes to reduce excess smoke emissions
from in-use heavy-duty diesekpoweared vehicles,
the Air Resources Board (ARB or Board) adopied,
in December 1997, amendmenis 1o the
regulations governing the operation and
enforcement of the Heavy-Dulty Vehicle
Inspection Program (HDVIP or the “roadside™
program) and the Periodic Smoke Inspeciion
Program (PSIP or the “fleet” program).

The initial roadside program was adopied in
November 1980 in response to Senate Bili (SB)
1097 (stat. 1988, ¢ch. 1544, Praslay), and enforced
from 1991 to 1993. 1t was suspended in October
1083, when the Boafd redirscted siaff to
investigate reformulated fuels issues. The Board
adapted the fleet pragram in December 1992, but
untit recendlly it had not been enforced.
Enforcement of these amended programs
commenced in the Spring/Summer of 1998.

Compared to having no heavy-duty wvehicle
inspection programs, the roadside and fleet
programs with the amendmentis are expecied to
achieve the following emission reductions (intons
per day) of reactive organic gases (ROG), NOx
and PM:

ROG NOx PM-10
1999 8.37 12.24 5.24
2010 5.3 14.03 319

Diesel fuel consumption will be reduced by
approximaiely 16.7 and 19.2 milfion galions
annually in 1999 and 2010, respectively. This
represents a savings over the 12-year period of

approximately 250 million gallons of fuel or over
$212 million {at current fuel prices.)

INTRODUCTION

To meet legislative mandates to reduce excess
smoke emissions from in-use heavy-duty diesel-
poweredvehicles, the ARB adopted, in December
1997, amendments fo the regulations goveming

. the operation of the HDVIP and the PSIP. Both of

these programs are enforcement programs
designed {o reduce excessive smoke emissions
from mal-maintained and tampered heavy-duty
diesel-powered vehicles. These amendments
modify existing program regulations,

The initial HDVIP was enforced from Novernber
25, 1991 to Qctober 15, 1993 when it was
suspended and staff was redirected by the Board
to investigate reformulated fuels issues. Alsoin
1993, the California Legislature enacted a new
statute, Assembily Bill (AB} 584 (Statutes of 1993,
Chaptar 570, Cortess), which directed the Board
to make additional changes to the programs. The
Board adopted the fleet program requlations on
December 9, 1992. Due to the redirection of the
staff and program fechnical issues, enforcement
of the flest program was never implemented.
Boih programs were adminisiered on a voluntary
compliance basis from Ociober 1983.
Enforcament of the HDVIP was reinstated on
June 1, 1996 andenlorcement of the PSIP began
on July 1, 1988,

The reguiatory amendmenis to the existing
programs were designed to comply fully with the
mandates of AB 584 and AB 1460 (Statutes of
1996, Chapter 292, Morrissey). Assembly Bill 584
requires that the smoke test procedures used for
both the roadside and fleet programs produce
consistentand repeatable results. Pursuantio AB
584, ihese reguirements are mel with the
adoption of the Society of Attomotive Enginears
(SAE) J1867 test procedure’ into the programs’
regulations, Assembly Bill 584 also requires that
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the HDVIP's inspection procedures produce “no
false failures™. Should faise fallures occur, they
must be remedied without penalty to the vehicle
owner. The amendmenis have provisions that

meet these requirements. Assembly Bill 1460 -

requires limited additional changes to the statule
authorizing the HDVIP. The most significant
requirement under AB 1480 is that “excessive
smoke” must be defined in the regulations
governing the HDVIP;, a definition that tes
excessive smoke emissiong to ths regutations’
opacity cutpoints was proposed and adopied in
December 1897.

BACKGROUND
Emissions from Heavy-Duly Vehicles

Emissions from heavy-duty diesel frucks and
buses are well known to seriously impact
California’s air quality,. Hsavy-duly vehicles
account for approximatety 30 percent of the NOX
and 65 percent of the PM emissions from thae
entire California on-road fleet, eventhough these
vehicles comprise only approximately 2 percent
of that fieet. The NOx emissions, when combined
with various hydroczrbon (HC) emissions and
sunlight, form ozone, commonly referred to as
‘smog”. Consequently, NOx, and to a lesser
degree, HC exhausi emissions from heavy-duty
trucke and buses significantly contrbute io
violations of the state and federal ambient air
aquality standards for ozone. Diesel exhaust
particulate emissions consist of fine paricles
designated as PM-10, most of which are
designated as PM-2,5% The NOx emissions alsa
contribute to PM pollution by forming nitrates in
the atmosphere. These particulate emissions
contribute 10 violations of the state and federal
ambient air quality standards for particulate
matter and contribute to reduced visibility. The
HDVIP and PSIP are desighed fo reduce the
excessive in-use emissions that result from
improper vehicle maintenance practices and
tampering. .

Qzone and particuiale matter polltion are of
greatconcernbecause of their adverse effects on
human health. Ozone is a known respiratory
iritant that harms lung tissue and reduces
breathing capacity. [ts effects are strongest in
sensitive individuals such as asthmatics, the
eiderly, and children. Based on recent
epidemiological studies®, pariculaie matier
pollution has been -consistenily related 1o
premature mortaliies:” According 1o a recent
Natural Resource Defense Council study’,
particulate matter poliution causesbeiween 8,600
and 19,400 premature deashs in Calilomia every
year. In response o evidence relating ozone and
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particulate matter pollution fo these and other
heaith effects, the United States Environmental
Protection Agency recently tightened both the
federal ozone and particulate standards.

Constituents of diesel exhaust have been
identified as toxic air contaminants under the

- ARB'sToxic Air Gontaminant Program, and whole

diesel exhaust is currently under review for
identification. The International Agency for
Reeseareh on Cancear hasidentified dicsel exhaust
as a probable human carcinogen®. Diessl
exhaust was identified in 1880 under California’s
Proposition 65 as a chemical known 1o cause
cancer. Also, excessive exhaust emissions
{black smoke) from onh-road heavy-duty vehicles
continue to be the number one target of public
complaints regarding air poliution.

History and Legal Basié for the HDVIP and PSIP
In response 1o these environmental and public

health impacts, SB 1997 was enacted in 1988
directing the ARB to design and enforce an

. effective in-use heavy-duly wvehicle smoke

enforcement program. The regulations governing
this program, the HDVIP, were adopted by the
ARB onNovember8, 1990 and became operative
on Novermber 21, 1891.

Under the HDVIP, heavy-duty diesel-powered
trucks and buses are tested for excessive smoke
emissions, and heavy-duty diesel- and gasoline-
powered trucks and buses are inspected for
tampering. Intrastate, interstate, and
intemational® heavy-duly vehicles are tested
statewide by ARB inspectors at California
Highway Pairol (CHP) Inspection facilities and
weigh statiens, and atrandom roadside locations.
The owners of vehicles failing prescribed test
procedures” are issued citations which require the
prompt repair (within 45 days) of the vehicle and
carry civil penalties ranging from $300 to $1800
per violation. Failurz to clear citations can resuit
in vehicles being removed from service by the
CHP, at the request of the ARB {Health and
Safety Code section 4401 1.6 (j) and Vehicte Code
section 27159). Vehicle owners may appeal
citations ' through the ARB's Administrative
Hearihg Program® .

In concert with the HDVIP, regulations for a
companion enforcement program requiring
Calilornia fleet owners to self-inspect their
vehicies for excessive smoke emissions were
adopted in 1992 in accordance with SB 2330
{Statutes of 1990, Chapter 1453, Killeg). This
program, the PSIP, and the HDVIP use the same

" smoke test procedure as required under their

governing statutes and regulations. With the



adoption of the PSIP, the Legislature’s mandate
to control gxcessive smoke emissions from
heavy-duty diesel vehicles was enhanced.

Under the PSIP, California-kased truck and bus
fleet owners with two or more vehicles are
required to conduct annual smoke opacity and
- tampering self-inspections for all of their vehicles.
To ensure program compliance, ARB inspectors
are required 1o audt fleet malnienance and
inspection records and fast z representative
sample of vehicles. The PSIP includes flest
vehicles that would normally not be captured by
the HDVIP roadside enforcement operations (i €.,
local service and delivery vehicles).

The regulations governing the PSIP were
originally scheduled ¢ become effective on
January 1, 1995. Dueto delays in the completion
of the SAE J1667 test procedure, these
regulations were amended to posipone their
effective date 1o Janvary 1, 1986. In a March
1986 nolice, the ARB staft advisedflest operators
that the PSIP would be administered on a
voluntary basis, pending adoption of the SAE
J18687 procedwre into the progrem's goveming
regulations.

Presently, several states have enforcement
programs for in-use heavy-duty diesel vehicles.
Arizona was .the first to Implement such a
program in 1970, and four other states have
active programs in effect today. Other stales
have regulations in place but to date have not
enforced their programs. Califomia’'s HDVIP has
been recognized as the nalion’s most
comprehensive and effective enforcement
program. The HDVIP proved very effective for
the two years (1991 - 1983) it was enforced.
During this time, the overal! program failure rate
was reduced from 34-percent 1o 21 percant,
resulting in an estimated 38 percent reduction in
the number of heavy-duty smoking trucks and
buses operating in California.

Issues Associaied with the Programs and
Compliance with AB 584

Afthough the HDVIP has been effective in
reducing emissions and the number of smoking
heavy-duly vehicles, its “snap-acceleration” test
{previously referred to as the “snap-idie” test) has
been the focus of controversy’. The Calforniz
Trucking Association (CTA) has argued that the
test can be unreliable and can fail “clean” frucks.
This debate has been ongoing since the
program’s implementation in 1991, and has led to
litigation four times. In all cases, tha test has
been upheld by the California courts, including
two decisions from the Third Disirict Court of

Appeals that were left standing by the California
Supreme Court.

To resolve this lingering controversy, in 1993, the
Legislature enacted AB 584 that was sponsored
by the trucking industry. As discussed eartlier, AB
584 requires that the smicke test procedurs used
in the HDVIP must produce “consisient and
repeatable” results. This requirerent is satisfied
with the adoption of the SAE J1667 smoke test
precedurs into the HDVIP's and PSIP’s governing
regulations. The SAE J1667 test procedure was
adopted by the SAE in February of 1998.
Subsequent to the SAE’s adoption of the J1667
test procedure, the ARB stalf, in consultation with
the regulated industries, designed two studies 1o
assess the effectiveness of the J1667 test
procedure, and to determine the smoke opacity
cutpoints for inclusion in the regulations.

These two studies, the Random Truck Opacity
Survey (RTOS) and the Truck Repair Study
{TRS) were conducted in late 1996 and in 1997.
The data from these studies served as the
technical basis for staff’'s proposed regulatory
amendments. The RTOS provided a profile of the
Galifornia heavy-duty vehicle fieet's opacity. The
TRS produced the post-repair opacily stalistics
upon which the cuipoints were hased. (See
Figure 1.}

From 1892 through 1996, the ARB slaff
participated on the SAE J1667 committee. This
broad-based comumittee was charged with
developing a heavy-duty diesel engine smokeatest
procedure. This committee was comprised of
trucking and bus industry representatives,
smokemeter manufacturers, federal and state air
quality regulators, heavy-tuly diesst engine
manufacturers and representatives from various
universities ahd colleges. As stated abovs, this
procedures was adopted unanimously by this
committee in 1998, This process resotved most
of the issues of controversy associated with the
HDVIP and FSIP.

Figure 1




SUMMARY OF REGULATORY AMENDMENTS

Statutory Requiremenis Under AB 584 and
AB 1460

As discussed earlier, AB 584 requires that the
smoke test procedure used in the HDVIP must
yield consistent and repeatable test results and
resuit in no “false failures”. Should false failures
occur, they must be remedied without penalty to
the vehicle awner. These reguirements are
codified in Health and Safety Code section
44011.6.

The regulatory amendments were designed to
comply fully with these mandates by adeptingthe
SAE J1667 -est procedure, adding additional
safeguards to minimize occurrences of false
failures and by retaining procedures that provide
remedies for false failures, should they oceour,
without penalty te vehicle owners. Additionally, a
definition for “excessive smoke® was included to
meet the requirements of AB 1460,

Reguiatory Amendmenis

The following amendments were adopted by the
Board in December 1997 to fulfili the
requirements of AB 584 znd AB 1460, and 1o
improve the regulations:

(1) Designate the SAE.J1667 “Snap Acceleration
Smoke Test Procedure for Heavy-Duty Diesel
Powerad Vehicles,"issued February 1896, 25
the test procedure for detemmining smoke
opacity under the HDVIP and PSIP.

{2) Maintain the existing snap-acceleration
opacity standards of 55 percent for pre-19914
model year and 40 percent for 1891 and
newer model year heavy-duty diesel-powered
engines, without reference to the engines’
federal peak smoke ceitificationlevel. These
standards reflect data on maximum
emissions from vehicles in good operating
condition and s=set {o manufacturers’
specifications, gatherad fromthe ARB’'s Truck
Repair Study. These standards also include
a significant safety margin to account for
variability in smoke measurement. (On
average, an SAE J1€€7-type smokemetar
reads about 5 to 10 opacity poinis less for
mechanical and electronic engines,
respectively, as compared 1o a SAE J1243~
type smokemeter.) .

{3) Establish a mechanism under which owners

of pre-1991 model vear heavy-duty diesel-
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powered engines thai have roadside snap-
acceleration opacity levels between 55
percent and 70 percent are initially issued a
Motice of Violdtion in lisu of a citation. I,
within 45 days, the owner demonstrates that
the repairs have been made to bring the
vehicle into compliance with the 55 percent
opacity standard, there will ba no penatty. I
ademonstration of correction is not submitted
within the 45 day period, a citation would be
issued, The NOV mechanism would not
apply where a previous NOV or oitation had
been issued for the vehicle in the preceding
12 months. Based on the initial experience
with the NOV appreach, the staff plans to
report to the Board by the end of 1988 with its
recommendation on whether the approach
should be sunsetted.

A summary of the opacity slandards
discussed in {2) and (3) above is provided in
Table 1.

Hetain exemptions to allow for
technologically less stringent standards for
specific engine families based on data
submitted by the engine manufacturers, and
“grandfather-in® exemptions of engine
families issued under the preexisting HDVIP
regulations.

Require explicitly that a demonstration of
cofrection for a vehicle failing a roadside
smoke test or visual ingpection must include
evidence that the vehicls has passed a post-
repair test or inspection of the pertinent
components.

Institute a new 15 month phase-in schedule
for the PSIP, starting July 1, 1998.

Allow the SAE J1243-type smokemetertobe
used in PSIP testing at facilities and fleets
that are not equipped with an SAE J1667
type smokemeter, until July 1, 1999.

Exempt the newest four mode! years of
heavy-duty engines from the PSIP
requirements under a four year “rolling
exemption” process. Vehicles equipped with
these engines wouid remain subject to the
roadside inspections under the HDVIP.,

Define “excessive smoke” in the regulations,
as required by AB 1460, as smoke opacity in



Table 1
Smoke Opacity Standards and ARB Actlons

Vehicles with Pre-1991 Modeti

Year Engines
Opacily Standard 55%
: Post-
. R Repair
Test Opacity ARB Action o dard
Higherthan 7¢% - Issue Citation <55%
Between 55% and  Issue Notice of <559,

70%” Violation
“Applicable only o first violation in & 12-month period

Vehicles with 1991 and Newer
Mode! Year Engines

Opacity Standard 40%
Post.
Test Opacity ARB Action Repair
Standard
Higher than 40% Issue Ciiation <40%

excess of the opacity standards set forth in [2)
and (3) above and summarized in Table 1 zbove.

(10) Retain the administrative hearing procsss
to challenge citations. The stafi plans o
propose various amendmenis o the
Adminisiraiive Hearing Program’s
regulations to be considered by the Soard
in the Spring of 1988.

(11} Make various other changes to generally
improve the regulations and to make them
more clear and readable.

(12) During the December 1997 hearing, the
Board added language to the PSIP
reguiation that exempied from annual
inspection requiremenis those heavy-duty
diesel-powered vehicles that are not pari of
a fleet or are exclusively for personal use.
{These vehicles would still be subjectio the
roadside HDVIP,)

OUTREACH AND PUBLIC RELATIONS

In preparation for the reinstatement of the smoke
inspection programs, the ARB conducted an
exitensive outreach program. This took the form
of numerous presentations at truck and bus
association meetings and flest facilities, and pre-
enforcement smoke testing offered to fleets at no
charge (and with no penally.} During the period
of October 1993 until the end of May 1998, the
ARB visited over 1,000 fleets,

As an additional outreach program, the ARB
parlicipates in a parinership with community
colleges and the heavy-duty vehicle industry to
offer low-cost training. This parinership, called
the California Council on Diesel Education and
Technology {CCDET), provides an in-depth
understanding of the smoke inspaction
regulations and training on the correct
administration of the SAE J1667 smoke test
procedure.

ENVIRONMENTAL AND ECONOMIC IMPACT
ANALYSES

The evaluation ‘of the air quality impaocts of the
amendments is based on a comparison of the
HDVIP and PSIP with the amended regulations 1o
the initial HDVIP and PSIP regulations. In
conducting an emissions impact analysis, it was
necessary to identify the “baseline” emissions,
i.e., a staring point with which the initial and
amended programs are compared, The baseline
in this analysis consists of the emissions
expecied from heavy-duty trucks and buses in
1988 prior to resumption of aither the original or
amended programs. These estimated baseline
emissions reflect the residual impact of the 1991-
1993 HDVIP enforcement activities on the in-use
emissions of heavy-duty trucks and buses in
California,

The incremental environmental impacts in 1999
forthe initial programs compared to the amended
programs are: -1.34 tpd, -2.46 1pd, and -1.086 tpd
for the emissions of ROG, NOx, PMIiQ,
respectively. For the vear 2010, the amended
programs indicate that fewer benefits will be
realized when compared incrementally to the
original programs. For 2010, the difierences are:
~1.92 tpd, -5.10 tpd, and -1.18 tpd for the
emissions of ROG, NOx, PM10, respectively.

With respect to smoking vehicles, the amended
programs, when compared to the inftial program
will be less effective because some heavy-duty
vehicles that marginally exceed the opacity
standards under the preexisting proceduras will
not fail under the new test procedures. In 1999,
the initial programs would have reduced the
numbers of smoking vehicles by an estimated
35.4 percent while the amended programs will
realize estimated reductions of29.0 percent. This
is a difference of 6.4 percent of the overall fleet
and equates to 6,324 more smoking vehicles. In
2010, under the initial programs, smoking
vehicles would have been reduced by an
estimated 48.9 percent, compared to an
estimated 36 percent under the amended
programs. This represents a difference of 12.9
percent, or 13,889 vehicles.
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Although the amended programs result in fewer
enhvironmental benefits, when compared on an
incremental basis to the initial programs, this is
not {0 say that substantial reductions to the
baseline will not occur due to theiradoeption. The
reasons for the reduced benefits are due, in part,
to the incorporation of the AB 584 rsquirements
and the proposed four-year rolling exemption
under the PSIP. Owverall, adoption of the
amended programs  will result in estimated
reductions {in tons per day) to the baseline
statewide as follows:

ROG NO, PM-10
1099 5.37 12.24 5.24
2010 530 14.03 3.19

The HDVIP and PSIP will produce beneiits by
reducing the emissions of criteria ard toxic
pollutants resutting from the repairs performed 1o
reduce excessive smoke emissions. Based on
the estimated program costs and criteria polluiant
emission reductions, the cost effectiveness of the
beneflts of the HDVIP and PSIP is estirnated 1o
be $1.12 perpound in 1999 and $1.05 per pound
in 2010. These estimates compare favorably 1o
alternative emission contro! programs which
primarily target criteria pollutants and typically
cost between $2.50 and $5.00 per pound of
emissions reduced, Additionally, diesel fuel
consumption will be reduced by 0.69 and 0.88
percent in 1899 and 2010 respectively, Thisis a
result of the repairs to the engines found ta be out
of compliance underths programs. This reduced
fuel consumption equatas {0 approximately 16.7
and 19.2 millich galiors annually in 1999 and
2010, respectively. Over this 12 year period,
approximately 250 million galions of diesel fuel
wiil be saved or over $212 million based on
current diesel fuel prices. :
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THE CONTINUING EMISSION CHALLENGE
FOR DIESEL ENGINES

Pau! Machiele
U.S. Environmental Protection Agency

BACKGROLIND AND PERSPECTIVE

Diesel engines have been around for more tran
100 years. Emisslon controls for diesel engines,
however, have only been in existence for a small
fraction of that time. While EPA’s first meaningful
exhaust emission standards for passenger
vehicles went into place in 1972, the first
meaningful emission standards for heavy-duty
diesel vehicles did not go into effect uniil 1988,
just 10 years ago (see Figure 1 below). The first
meaningful emission standards for non-road
diesel engines did not go into effect until 1966
and the first locomeotive standards won't go into
effect until 2000.

Year of First Meaningful EPA
tandards

T i

i

a 1972 LDV

e 1988 HDV

® 1936 Nonrcad Cl
e 1997 Small S|

® 1998 Marins 81
® 2000 Locomofive

Figure 1
" Consequently, while considerable progress has

been made in reducing emissions fromn diesel

engines, in comparison lo gasoline passenger
vehicles, controls on diesel engines are virtuzlly
in their infancy. The level of technology and
saphistication used on passenger vehicles for the
putpose of emission control, particularly in regard
to aftertreatment, far surpasses that in place for
diesel engines. Some of the diesel engine
technologies now in advanced research and
development, however, maybe nearing thatpoint.

One of the reasons progress has been slower on
diesel sngines has been the predominance of
passenger vehicle emissions in the emission
inventaries, Over time, however, as passenger
vehicle emissions have been controlied and
diesel engine use has expanded, the picture has
changed considerably. Mobile sources such as

cars, trucks, and non-road equipment make up
roughly half of the national oxides of nitrogen
(NOx) emission inventoty (see Figure 2 below).
Of that, more than half comes from diesel
powerad equipment. Thus, mare than one-fourth
of all NOx emissions in the U.S. come from diessl
powered equipment.

NOx Emission Inventory

Figure 2

Diesel PM Inventory

Acralt

Figure 3

The story is similar for particulate matter (PM)
emissions {see Figure 3 above). While a
relatively small fraction of nationwide PM
emissions come from mobile sources, the vast
majority of mobile source PM comes from diesel
engines. (Much of the nationwide PM emission
inventory is comprised of relatively uncontroliable
sources such as wind-biown dust.) Of that from
dissel engines, the vastmajority is actually due to
non-road egquipment which is still relatively
uncontrolled compared o their on-highway
counterparts.
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While diesel engine still represent an area of
considerable opportunity for nationwide emission
reductions, considerable progress is being made
io reduce their emissions. PM emissionsfromon-
highway diesel engines have been reduced by
90% from uncontrolled lsvels. YWhen the recently
finalized NOx standard goas into effect in 2004,
NOx emissions from on-highway diesel engines
will be reduced nearly 85% below uncontrolled
levels.! The iechnology being employed on
foday's diesel engines is congiderably different
than that employed litdle more than-a decade ago,
Not only has this advancement in technology
resulted in dramatically reduced emissions, but it
has also resultedinvasily impreved performance,
fuel economy, and durabilizy.

The progress magdle in on-highway is alsoworking
its way down into the non-road market. The first
tier of standards is being phased in right now.
The Tier 2 and Tier 3 standards recently finafized
will utimately achieve a 70% reduction In NOX
emissions below uncontrolled levels?  The
recently finalized standards for locomotive
engines, while slightly less aggressive, will
nevertheless, result inroughly a 60% reduction In
NOx and 50% reduction in PM emissions below
uncontrolled levels.® In order to address the very
slow turnoverof the locomative fleet, this rule also
raquires that all post 1972 ipcomotive engines be
retrofit to reduced emission standards. This
rather unique aspect of the rule will greatly reduce
the contribution of locomotive engines to the
amission inventory without the normal defay of
waiting for the fleet to turnovear.

The net result of the many recent advancemenis
in emission conirois from diesel engines is that
new engines are and will be considerably cleaner
than the uncontrolled engines that currently
comprise much of the in-use fleet. Nevertheless,
when you look at the relalive level of control of
diesel engines compared 1o passenger vehicles
(see Figure 4), there is considerable opporiunity
remaining for further reductions.

CURRENT ERA ACTIVITIES

Accomplishing these further recuctions in
emissions from diesel enginesisthe currentfocus
of much of the work of EPA's Office of Mobile
Sources. We are currently developing a
rulemaking to reaffimm the feasibility of the 2004
on-highway NOx standards and put in place
onboard diagnostic requirements for heavy-duty
vehicles not unlike thoss currently required for
passenger vehicles. - In addition we recently
published an Advance Notice of Proposed
Rulemaking (ANPRM) to address marine diesel
engines.* Contemplated in the ANFRM is the
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carrying over of the Tier 2 and Tier 3 standards
for {and-based non-road engines to marine
engines of similar size, and the carrying over of
the locomotive sfandards for marine engines of
similar size. Garrying over the technology from
land-based applications will greatly enhance the
emission performance of what is as of vet an

uncontrolied emission source.

Emissions Reduction Potential
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Athird activity which is just underway is the 2001
technology review to reafflirm the feasibility of the
recently finalized non-road Tier 3 standards.
Work Is beginning early on this rulemaking in
order to sufficiently address the PM standard.
The finai rule coniains PM standards, butonly as
measured using a steady-state tesi procedure. I
is EPA’s belief that in order to effectively control
PM emissions in-use a transient test procedure
will have to be put in place for non-road engines.
Thelead-time associaied with the development of
a transient test procedure, followed by the
assessment of the feasibility of emission
standards on that lest procedure is what is
prompting the need to begin work this yaar.

Finally, while not technrically a diese! engine, but
rather fueled with similar fuel, EFA is engaged
with the Federal Aviation Administration in
developing a retrofit program for commercial
aircraft engines. As part of this effort we are also
investigating options for addressing emissions
from airpott ground senvice equipment.

THE CHALLENGES AHEAD

in addition to the activities currently undsrway,
EPA is contemplating, if not already in the
process of initiating a number of actions which
will further address emissions from diesel
engines.

The first of these activities is to put in place
requirements 10 better address in-Use emissions
from diesel engines. High in-use NOx emissions
from heavy-duly diesel engines are a major




concarn. For some types of operation NOx
emissions have been found on a wide vairlety of
engines to be consideraby higher than the
standard. To resolve this issus the Agency has
been in discussions with the heavy-duty diesel
engine industry on ways to address the problem.
The goal is that ultimately emissions under the
wide range of in-use operating conditions should
be at or near the emission standards,

While thls issue has come up tirstin regard to on-
highway dieselengines, itisthe Agency'sintentio
adopt similar assurances of in-use emission
control for non-road diese! engines and marine
diesel engines as well. The exact nature of the
requirements for the manufacturers will be
developed over the course of the next coudle
years in the 1889 technolugy review rulemaking
jor on highway engines, the marine diesel
ilemaking, and either the 2001 technology
review rulemaking or a separate rulemaking
action for non-road engines.

EPA fully anticipales that emission control
technologies that have bsen in research and
developmentin anticipation of the future emission
standards, or that are only used in limited
applications today will begin 10 se¢ much widsr
use as a rasult of these requirements. Such
technologies include electronically controlled
exhaust gas recirculation, hydraulically actuated
electronic unit injection, commeon rail and simitar
fuel injection systems, camiess engines, variable
geometryturbocharging, Millercycle concepts, as
well as potentially the use of lean NOXx catalysts.
Clearly the dissel engine is entering yet another
phase in its evolution from the basic engines
produced for much of its 100 year history.

The second major issue facing diesel engines will
be further PM gontrols. The heightened concem
over fine PM emissions and diesel PM emissions
in particular (refer to other papers published in
these proceadings) Is causing a renewed focus to
be put on controlling PM emissions further from
diesel engines.

Considerable progress has been made on
controlling PM from heavy-culy diesel vehicles,
but the same cannct be said for non-road diesel
engines. While PM standards have beenputinto
place, as discussed earlier, EPA is convinced that
to get meaningiul in-use conirol of PM emissions
from diesel angines we will have to putinplace a
transient emissions test for non-road engines
which 'is more iypical of how the engines are
actually operated in-use. Consequently, we are
currently evaluating the in-use operation of ‘ypical
non-road equipmentin preparationfordaveloping
a new test cycle. This new test cycle will then

serve as the basis for new PM standards for non-
road engines in Tier 3.

While considerable progress has been made in
controlling PM emissions from heavy-duty diesel
vehicles, the renewed focus on the health efiects
of diesel PM is also causing us to look again at
what can be done to further control PM emissions
from heavy-duty diesel vehicles. The feasibility of
aftertreatment technologies to allow for more
stringent PM standards either directly or indirectly
via NOx afterireatment will be addressed in the
1999 technology review. The key questions at
the present time are how low can engine out
emissions go, how low ean tailpipe emissions go
with the various aftertreatimentischnologies under
development, will these technologies require the
removal of sullur from diesel fuel, and il so, how
ow will sulfur need ta go? 1 no action istaken in
that rule to make any PM standard changes, the
expectation is that it will be revisited again in the
very near future for application in the post-2004
time frame.

The third major issue tfacing diesel engines is
their ability to penetrate into {he light-duty vehicle
(LDV) and especially light-duty fruck (LDT)
market. Many of the automobile manufacturers
have been working with engine manufacturers to
develop diesel engines for their light-duty truck
and especially sport utility vehicle (SUV} market.
Aside from the potential performance benefits
provided by the diesel engine, the manufacturers
are primarily driven by the need to improve their
corporaie average fuel economy (CAFE). | they
can raise the fuel economy of their SUVs and
large LDTs by transitioningto diesej engines, they
can avoid less econemically favorable means of
meeting their CAFE requirements.

While the auto manufacturers are looking to fight-
duty diesel engines as a more lucrative means of
meeting the current CAFE requirements, others
are looking to diesel engines as a means of
getting fuel economy benefits beyond the cumrent
CAFE requirerents. Mobile sources are a major
confributor to greenhouse gas emissions,
parlicularly carbon dioxide emissions, which in
tumn'is directly proportional 1o fuel economy. As
fueleconomy improves, carbon dioxide emissions
decrease. Thus, the use of diesel engines in the
LDV and LDT market could be a part of a national
strategy 1o reduce greenhouse gas emissions.
However, by improving fuel economy through a
transition to the use of diesel fuel, the carbon
dioxide benefit is much reduced. Due 1o the
higher carbon density per gallon of diesel fuel,
there is a greater emission rate of CO2 per galion
of fuel consumsd compared o gasoline. This
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offsets much of the bensfit of the improved fuel
econony.

At the same time that there is a focus on
transitioning to diesel engines for fuel economy
gains, EPA Is developing Tier 2 emission
standards for light-duty vehioles and light-duty
trucks. Since there are few diesel engines in this
market, the vast majority of the regulatory effort
has tocused on developing emission standards
for gasoline passenger vehicles and frucks. With
the recent advancements in afteriteatiment
technology and electronic engine controls,
gasoline passenger vehicles have been able 10
demonstrate extremely low emission levels,
Elevaied sulfurievels inthe gasoline degradethis
emission performance to some sxltent and, thus,
EFRA is also evaluating the need for gascline
sulfur control in the context of the Tier 2 light-duty
vehicle rulemaking.’

There are tws aspeets of the Tier 2 rulemaking
that are of significant import to diesel engines
being used, or under development for use in the
light-duty vehicle and truck market. First, is
EPA’s deslre notto distinguish between light-duty
trucks and light-duty vehicles with respect to the
emission standards. The growth of the light-duty
truck market in recent years has developed to the
point where the majority of trucks on the road
today are being driven as passengervehicles, not
as trucks. As the market has changed, EPA
needs to adjust how it sets its emission
standards. Thus, attaining the Tier 2 emission
standards ocould represent a considerable
challenge forlight-duty trucks, which isthe portion
of the light-duty market where diesel engines are
primarily targeted.

The second issue of import from the Tier2rule is
EPA's desire if at all possible to maintain fuel
neutrality in the rule. Inother words, EPA has an
objective of setting the same emission siandards
regardless of the fuel lype used by the vehicle.
While this approach is not universal in all of
EPA's programs, the fact that diesel engine are
virtually nonexistent in the light-duty vehicle and
truck market at present argues that should they
enterthe marketevery attempt should be made to
make them at least as clean as the gasohne
engines they would displace.

How these issues are addressed in the Tier 2
rulemaking are critical to the future success of
diesel engines in the iight-duty vehide and truck
market in the fuiure. Based on EPA’s current
understanding of lhe slale of diesel engine
technology, further advancements would be
necessary for them to be able to attain the same
(eve! of emission performance as their gasoline
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counterpaits. This is true at the default Tier 2
standards specified in the Glean Air Act, letalohe
at the more stringent California-type standards
being considered. It is likely that afterireatment
technology will have to be developed which is
capable of large percentage reductions below
already low engine out emissions. As for heavy-
duty diesel engines, the potential for
aftertreatment once again calls into question the
need for low suliur diesel fuel.

CONCLUSION

Diesel engines have developed well beyond the
engines that dominated the market even just a
couple decades age. In par in response 1o the
emission constraints placed on the engines by
EPA and others, diesel engine technology is
continuing to evoive at a rather rapid pace. This
svolufion will have to continue into the future if we
are to offset market growth and attainthe Nation's
air quality goals.

The engines that dominate the market a decade
from now will be considerably different from the
engines of today. These differences, driven by
advancements in technology will not only
dramatically reduce emissions, but also continue
to enhance performance and durability.
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STRATEGIC ENVIRONMENTAL RESEARCH
AND DEVELOPMENT PROGRAM
ENGINE EMISSIONS REDUCTION TECHNOLOGY DEVELOPMENT

Robert W. Holst, Ph.D.
Strategic Environmental Research and Development Program (DoD)

The Siraiegic Environmental Research and
Development Program (SERDP) was established
by law in 1991 15 address enviroamental matters
of concern to the Depariment of Defense and the
Depariment of Energy. It is a Depariment of
Defense Program plenned, managed, and
executed in full partnership with the Department
of Energy and ithe Environmental Protection
Agency with participation by numercus other
Federal and non-Fedsral organizations.

SERDP's Pollution Prevention and Compliance
Pillars address engine emissions problems along
with other environmental polluticn reduction and
elimination issues. The extent of the preoblem
within the DoD is that thers are over 700 gas
turbines in Navy ships, numerous jet engine
aircraft, over 2700 diesel engines in Navy ships,
and other and various power sources at DoD
installations including flight line mobile power
caris, bare base power generators, and jetengine
testeells (JETC). DoDvinstallations and weapons
platforms, like any othsr large industiial plant,
must comply wilh the Clean Air Act Amendments
of 1880 - Title lll promuigation of NESHAPS, and
the NAAQS for ozone and NOx, and soon o be
promulgated PM2.5 rule. Without compliance
DoD installations can and are facing fines for non-
compliance up 1o $25,000/day. Several SERDP
projects are directly addressing the NOx and
particulate emissions from diesel engines and jet
engines.

The primary pollution prevention project that is
addressing NOx and fuel efficiency in jat engines
is that being performed at the Air Force Research
Laboratory - Wright-Patterson AFB. A pilot scale
trapped vortex (TV) combuster is being
developed o reduce emissions from military
aircraft and land and matine based electrical
power generation gas turbine engines. Hs goals
are 1o reduce NOx by 60% and increase fuel
efficiency by 3% while obtaining a ten-fold
reduction in lezn blow out. Other benefits are
reduced weight and length of the engine while
increasing the thrust.

Some of the compliance projects inciude the
Steady-State/Non  Steady-State Source NOx
Emission Control Technology work that has been
done through the Air Force at Tyndall AFB io
address the problem of jet engins test cells
(JETC) as a stationary source-of NOx and other
air pollutants. A saeries of NOx emission control
devices were built based or regenembls
adsorbent beds. The benefits include a greater
than 90% NOx removal and a poteniial cost
avoidance of over $300Mfyear. A project being
conducted at Lawrence Livermore National
Laboratory and Cummins Engine Company is
addressing NOx through the use of a plasma
assisted catalytic control device. This work is
based on the use of a combination of plasma
reactor and selective cataiytic reduction (SCR)
catalyst to reduce NOx from mobile diesel
engines 1o meet increasingly stringent
environmential standards. An R&D 100 Award
winning project was done by the Air Force
Research Laboratory - Armstrong and the U.S,
Armmy Gonstruction Engineering Laboratory to
explore the possibilities of reducing NOx, SOx
and soot (PM2.5) in diesel powered mabile power
cars for flight lines and other uses. This was
attained through the use of a collection system to
reduce NOx emissions to below air district
requirements.

Volatile Organic Carbon (VOO) emissions are as
much a problem at DoD installations as NOx and
other vehicle emissions. A SERDP project on
Development of Non-Thermal Plasma Reactor
Technotlogy for Control of Atmospheric Emissions
is being performed by the Los Alamos National
Laboratory and the Army Research Laboratory.
The objective of this work is to allow compliance
with air emission regulations for oxides of
nitrogen and hazardous airpoliutants (HAPS) and
with VOC emission abatement needs at depots
and logistic centers through the use of 2 coaxial
double-dielactric bartisr non-thermal plasma
(NTP} reactor. The approach includes the
modeling of the reactor flow fleld -~ single and
mutltiple discharges, along with the chemical
Kinetics mechanisms [expanded from 9 speciesto
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over 26 species tested including oxides of
nitrogen, hydrocarbons and additional radicals
such as aldehydes],

Characterization of particulete emissions has
become of increasing interest with the impending
2.5 micron pariiculaie matter air emissions
reguiation. The problem is that particles of
unknown sizes and species are emitied by diesel
and jet engires. SERDF is sponsoting a project
et the University of Utah to deveiop an innovative
sampling and analytical technidues for DoD
emissions sources that is an integration of two
sampling metheds: Aerosol Time of Flight Mass
Spectrometer (ATOFMS) and Photoelectric
Detector (PED). Through this dual system, air
emissions will be characierized in reai-ime by
size and ¢hemical specie simultansously.

SERDP will continie 1o provide technology
development guidance and supporl’in order o
address the highesl [Etiority ervironmental
concerns that may affect the training, readiness
and capability of the U.S. military Services.
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AN OVERVIEW OF PARTICULATE CONTROL FOR
DIESEL-POWERED NAVY VESSELS

Bill Remiey and Laurie Saccani
John J. McMullen Associates

Michael Qsborne
Naval Sea Systems Command

ABSTRACT

The impact on health of particulate matter (FM)
(especially from diesel exhausi) in the air is an
area of increasing concem. As a resuli, the U.S.
Environmental Prctection Acency (EPA) and the
California Air Resources Board (CARB) have
tightened particulate air quality standards. In
response o the growing health concerns and the
tightening of particulate air quality standards, the
Mavy is intsrested in reducing the amount of
particulate emitted from its shipboard diesels.
This paper presents the results of a survey of
particulate control technology for heavy-duty
onroad diesel engines and identities potentially
economical systems or pieces of hardware for
controlling emissions of shipboard diesel engne
particulate from Navy vessels.

INTRODUCTION

The diesel engine community (including engine
manufacturers, operators, researchers,
aftermarket companies, and regulators)' is
particularly interested in the growing concern
about the effect of particulate matter (PM) in the
air on health. California Air Resources Board
(CARB) is currently evaluating diesel exhaust as
a candidate Toxic Alr Contaminant (TAC), and
like the U.S. Environmental Proteclion Agency
(EPA), is fightening particulate air quality
standards. As part of the diesel engine
community and because of its policy of trying to
comply with all envircnmantal regulations, the
Navy is interested in reducing the amount of
particulates emitted from its shipboard diessls
{even though many are exemp: under National
Security exemption?). To better understand the

! The issue of PM emissions from marine vessels has
net yet been dealt with at the interational level,

2 Soction 89.908 (a} (1) of 40 CFR Part 89, “National
Security Exemption®, states thal: Any nonroad engite,
otherwise subject to this part, which is used in a vehicle
that exhibits substantial features erdinarily associated
with military combat such as armor and/or permanently

viable options, we investigaied systems for
controlling diesel engine particulates in hopes of
identifying economical, reliable, and effective
systems for shipboard applications. This paper

first presents an overview of the health
implications of dissel particulates and a
discussion of some emerging regulatory
requiremenis. The subsequent sections identify
potential Navy sources and available
technologies identified through the survey along
with an assessment of their suitability for
shipboard applications.

HEALTH IMPACT

. A number of studies have shown the general

consensus within the diese! engine community o
be that small airborne, respirable particulates do,
in general, affect human health. Those athigher
risk {children, older adults, asthmatics, etc.) suifer
more, but some studies show that everyone can
be affected [2].

In the past, health concerns focused on oxides of
nifrogen (NO,) and volatile organic compounds
(VOC]), but now particulates are also being
investigated. A large body of evidence shaws
that ground-level ozone, which is formed from the
photochemical reactions of NO, and VOC, causes
harmful respiratory effects that include coughing,
chest pain, and shortness of breath. But PM has
also been linked to serious respiratory health
problems caused by patdicles deposited deep in
the lungs, resulfing in increased respiratory
symptoms and disease, decreased lung function,
alterations in iung tissue and respiratory tract
defense mechanisms, increased hospital
admissions, and premature death.  Other
environmental effects of NQ, include secondary

affixed weaponry and which will be owned and/or uscd
by an agency of the federal govemment with
responsibility for national defense, will be considered
exempt from these regulations for purposes of national
security. No request for exemption is necessary. [1]
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formation of PM (nitraies), acid deposition, and
overgrowth of algae in coastal estuaries.

CARB is currently evaluating diese! exhaust asa
candidate TAC under California’s air ioxics
identification program. The reports prepared by
CARB are quite exhaustive and indicate that
diesel meets the definition ofa TAC: a substance
that “may cause or contribute to an increase in
mortality and sertious iliness, or which may pose
apresent or potential hazard to human health.” [3]

In its report GARB could not, however, identifya -

threshold befow which no significant health
effects are anticipated. Tha component of diesel
exhaust mesl cited in the reports was parliculates,
but untii more research is done to identify the
cause of floxicity in diesel exhaust, the
identification of whole dlesel exhaust Is more
appropriate to uncover all the toxic components
present in diesel exhaust.

EPA AND CARB PM STANDARDS FOR
NONROAD DIESEL ENGINES

 The EPA estimaies that, for 1996, nonroad diesel
engines represented about 27 percent of moblle
gource NO, and 13 percent of total NO,
emissions. The agency estimates that nonroad
diesel engines currently contribute about 440,000
tons, or 48 percent, of PM directly emitied from
mobile sources and 18 percent of total
controllable PM emissions. EPA eslimates also
show that nonroad diesel engines currently
contribute about 130,000 tons of PM in the form
of cecondary nifrate particles, based on the
estimated 3.1 million tons of NO, emitted by these
engines [4]. '

CARB estimates that the biggest contributors to
diesel exhaust emissions in California are mobile
sources. Onroad sources in California contribule
about 58 percent (21,420 tons per year); nenroad
sources, which include ships and boats,
contribute about 36 percent (13,080 tons); and
stationaty scurces contribute about 5 percent
{1,760 tons) [4).

In 1998, EPA, CARB, and the engine
manufaciurers Catemiliar, Cummins, Deere,
Detroit Diesel, Isuzu, Komaisu, Kybota,
Mitsubishi, Navistar, New Holland, Wis-Con, and
Yanmar signed a Statement of Principles (SOP)
pertaining to nonroad diesel engine emissions.
The EPA issued an Advanced Notice of Proposed
Rulemaking (ANPRM) in September 1987 that
reflected the provisions of the SOP. These
proposed standards. apply to mobile nonroad
diesel engines of all sizes used in construction,
agricultural, and industrial equipment, and some
marine applications.”  Locomotives, mining
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equipment, and marine diesel engihes over 37
kilowatts (KW} (50 horsepower (hp)) were
exempted.

Athree-tiered progressibn foremission standards
(Table 1) was proposed and applies as follows:

« Tier 1 ~ Set in 1994 for engines over 50 hp;
being phased in from 1986 to 2000 (Tahle 2);
proposed for unregulated engines under 50
hp; to be phased in from 19809 to 2000,

+ Tier 2 - all engine sizes to be phased in from
2001 10 2008.

» Tier 3 - more stringent rules will apply from
2006 1o 2008

Tables 2 and 3 show the current EPA and CARB
standards for PM emissions for nonroad diesels.

EPA PROPOSED PM STANDARDS FOR
MARINE DIESEL ENGINES

in March 1988, the EPA published an ANPRM for
New Compression ignition (CI) Marine Engines at
or Above 37 Kilowatts [5]. Marine diesel sngines
less than 37 kW (50 hp) are covered in the
proposed rules for nonroad diesel engines and

their proposed emission limits are shown in

Table 1. These rules would apply to engines
installed on vessels registered or flagged in the
United States.

In the ANPRIM, EPA published its approach to
regulating new marine propulsion and auxiliary
diesel engines at or above 37kW (50 hp) on
commercial and recreational vessels. Auxiliary
includes all auxiliary engines except portable
engines. The engines underthese rules would be
grouped into three categories:

+  Category 1 —‘Engines similar to land-basad
nonroad diesel engines

« Qategory 2 — Engines similar {0 locomotive
diesel engines

«  Category 3 — Low-speed, high-horsepower
diesel engines



Table 1. EFA-Proposed Nonroad Diesel Engine PM Emission Standards, g/kW-hr (g/bhp-hr)*

KW < 8(np < 11) 2 2008 _ c;.'s?o%.?gg)

8 < KW < 18(11 < hp < 25) ; 131332 g;gg ggg% |
19 < KW < 37(25 < hp < 50) > ooa D80 §3235°§
37 < kW < 75{50 = hp < 100) z o 0.40(0.30)
75 < KW < 130(100 < hp < 175) § ggg,? 0:30 {0.22)
130 < KW < 225(175 < hp < 300) z 2o 0.20 (0.15)
225 s KW < 450(300 < hp < 600) z o 0.20(0.15)
450 < KW < 580(600 < hp < 750) 2 2002 0.20(0.15)
KW = 580(hp = 750) 2 2008 0.20 {0.15)

*gramns per Kilowatt-hour (grams per brake horsepower-hour)

Table 2, Current EPA PN Emission Standards for Heavy-Duty Nonroad Diesel Engines

(g/bhp-hr}
PN Standard Power Rarnioe
1996 0.40 175-750 hp
1997 x 100 - 175 hp
1998 * 50 - 100 hp
2000 0.40 >750 hp

*These engines only have t¢ meet a NO, standard,

ines (g/bhp-hr)

Year Power Rangs .
1995 ) 175 - 750 hp
1997 * 100 - 175 hp
1998 * 50 - 100 hp
2000 0.40 750 hp

*These engines only have to meet 2 NO, standard.

The proposed emission limits for the Category 1
engines are the same as the Tier 2 and 3 limits
proposed for the nonroad engines shown in
Table 1. Since the greater than 560 hp engines
will not be regulated uniil 2008, EPA is
considering an interim standard using the
International Maritime Organization (IMO} rules or

" Tier 1 limits to be eftective in 2000,

Forthe Category 2 engines, the EPA is proposing
the IMO emission limits or the new locomotive
rules shown in Table 4. Emission limits for these
engines would be effective on or after 1 January
2000.

For Category 3 engines, the IMC NO, code would
apply. The effective date would be based on date

21




Table 4. Locomotive Standards (line-Haul Oniy)

T 2.

1.3 8.7 127 0.80

Tier 1 0.7 . 29 9.9 0.6

Tier 2 0.4 2.0 7.4 0.27
Note: Tier 0 = Locomotive engines and locomotives originally manufactured 1973-2001.

Two-year phase bagins in 2000. Emission limils will apply at time of remanufacture.
Tier 1 = Locomotive engines and locomotives ariginally manufactured 2002-2004 and at time of

remanufaciure.

Tier 2 = Locomotive engines and locomotives origina!ly manufactured 2005 and later and at

time of remanufacture.

of engine manufaclure or ship vonstruction but in
either case would be January 1, 2000. Table 5
compares the IMO emission limits with the 1084
EPA Tier 1 limits.

The EPA is not proposing any new smoke limiis
for marine dlesel engines, This is not o say that
marine diesel engine manufacturers will not have
to worry about smoke since a number of states
have local smake ordinances on the books for
ships in hatbor environments.

The EPA is proposing the following (duty) test
cycles for cerification of marine diesel engines:

Category 1 -~ ISO E3 (propulsion
engines) and ES (recreational boating
engines). EPA is considering proposing
the requirement of the E3 cycle for all
Category 1 engines.

Category 2 — Use 180 or category 1
cycles.

Category 3 - Use IMO E2 and E3 cysles.
Awxiliary engines — All categorizs, use
ISOD-2.

To ease the cettification burden, EPA Is
consldering crossover testing and allowing the

_Table 5. Comparison of EPA and IMO Emission Limits

ISO C1 cycle (8-mode) in place of the marine
cycles for Category 1 and 2 engines.

EPA is considering applying remanufaciuring
{rebuild} requirements to Category 2 and 3
engines because of the slow rate of fleet tumover.
This slow tumover prevenis the significant
reduction of emissions from these categories of
engines until well into the future. )

AMBIENT AIR PM STANDARDS

On 16 July 1997, the U.8. EPA issued final air
guality standards for PM and ozone under the
National Ambient Air Quality Standards (NAAQS).
These are not egquipment standards, but rather
the standards for sampling ambient air where
particulates are found from muliiple sources.
EPA will conduct a 3~year monitoring pregram of
mostly urban areas. The data gathered over this
period will be analyzed and the areas classified
as attainment or nonattainmenl. For an area
identified as nonattainment, the air samples will
be analyzed and the affected states will propose
an implementation pregram (plan) of how to
comply with the EPA’s ambient air standards for
PM. The samples are taken to see if they mesat
alr quality standards and are not intended to test
the performance of a piece of equipment.

The current standards for PM measuring 10
microns or less n diameter (PM,,) are:

EPA ’

{Nonroad All 13 114 9.2 0.54
Tier 1)

n <130 rom None None 17.0 None

IMO 130 rpm < n <2060 pm None None 45 ©2 None

2 2000 rom None None 9.8 Nong
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+ Annual - 50 micrograms per cubic meter
{ea/m) (@annual arlthmeiic mean)

e 24-Hour - 150 ug/m® {allowed to be
exceadad once per year)

The EPA is ravising these PM standards by
adding the following new annual and 24-hour
standards for PM that measures 2.5 microns or
less In diameter (PN, c):

« Annual - 15 xg/m® (annual arithmetic mean)

e 2d-hour - 65 pg/m® (revised upward from
originally proposed 50 g/

NAVY SHIPBOARD DIESELS

Table & shows the populations of the various
diesel engines used by the Navy. The engines
shown in the table are onboard ships not subject
to decommissioning in the near future. The list
does not include engines on Military Sealift
Command $hips or small harbor craft other than
those listed such as training patrol crafi (YP),
large harbor tugs (YTB), eic. The small boat (SB)
engines listed are for the boats carried by the
ships. Ancther 1800 engines are estimated tobe
on the Navy's small boats and craft. The
estimated particulates from Navy ship, boat, end
craft engines warldwide for 1997 was 4,158 tons.

As the 1able shows, the Navy has a considerable
number of shipboard diese! engines used in a
variety of applications from propelling ships to
powering fire pumps. Nearly every shipboard
Navy diesel engine is a candidate for PM
reduction.

When it comes o protecting human healih, the
greatest benefit would probably come from
reducing the particulaies emitted in or nearhighly
populated areas from engines that cperate at the
dock (such as ship service diesel gererator
{SSDQG) sets} or in harbors and waters ¢lose to
shore (such as auxiliary vessels of the YTB type,
elc.).

The candidate engines would be shipboard SSDG
or emergency diesel generator (EDG) seis that
operate while the ship is at the dockand the main
propulsion and generator sets on the smaller
(auxiliary) ships (YTBs, YPs, etc.) that operaie in
harbors and along the coast. Becauss cf their
low usage and the associated high cost of
installing PM reduction equipiment, shipboard SB
engines and emergency diesgl engines are not
considered viable candidates for particulate
reduction control. ’

Table 6 also shows the horsepower range of the
Navy shipboard engines. Since the amount of
particulates that an engine emits is directly
proportional to its horsepower, larger-norsepower
angines fitted with pariiculate reduction devices
will show a greater reduction than smaller-
horsepower engines, assuming they are in similar
service and operate for appraximately the same
amount of time. When engine populations are
jactored Into he equation, however, the greater
PM reduction maycome from smaller-horsepower
engines if thelr population is quite large.

DIESEL ENGINE PARTICULATE EMISSIONS

Pariiculates are mainly soot, scluble organic
fractions (SOF}, and oxides. Soluble organic
fractions are basically unbumed HC (UHG) from
both fuet and, to a lesser dagras, lubricating oils.
Soot, the main component, is a carbonaceous
material that comesfrom incomplete combustion.
Oxides such as sulfate (SQ,}, water or Di/Bi
hydrogen monoxide (H.0), nitrogen trioxide
(NOg). and phosphate (PO, come from the
combustion of fuel and lubricating oil with SO,
from sulfur in the fus! [6].

Given the various components comprising PM, a
number of methods can be used to reduce
particulate emissions. Improved fuel combustion
and decreased lube oil consumption are engine
modifications that will help reduce PM. Reducing
the amount of sulfur in the fuel reduces the SO,
produced and hence the parliculates (see the
followlng discussion on the effect of 8O, on
particulate emissions). Flowthrough oxidation
catalysts for HC and CO effectively reduce the
SOF in PM. Sool reduction and the highest
particulate reduction overall are accomplished by
soot filters ortrapsthat catch the soot particulates
in a ceramic matrix or other fine filtering setup.

Table 7 compares the actual particulate exhaust
emissions of sight Navy diesels with the proposed
EPA nonroad particulate standards. Since these
are existing marine enginas, they are notrequirad
to meetihe proposed standards. Note, however,
that some of the engines are closa to being in
compliance with and some are welil within the
fimits of the proposed standards,

The sulfur content of the fuel has a big impacton
the pariculate level. In general, the lower the
sulfur content the lowerthe particulates. The U.S.
Navy typically burns marine diesel {uel, which hes
a fue! sulfur limit of 1 percent by weight, but a
study of Navy fuelings shows that the Navy
typically buy 0.5 percent or less.



Table 6. Fleet Diesel Engme Populstion Summary - Manufacturers (10!97}

n
pHIALH
251C 30 2750
ALCC 251E 6 1070 ~ 8SDG°
D-334TA 1 550 EDG
D-253 4 335 CRANE
D-379 2 470 EDG
D-393 4 875 SSDG
CAT D-393 30 1125 EDG, SSDG, MPDE
3304 2 90 SSDG
33068 DITA 25 200 SSDG
3512 14 1175 MPDE, 85DG
3608 15 3355 SSDG, SS/EDG
38F5-1/4 29 410 EDG
Coltec B8FS-1/4 11 670 EDG
38D8-1/8 124 1000-2000 S3DG, EDG, MPDE
SBND8-1/8 19 1440 EDG
PC 2.5 44 8500 MPDE
Series 53 67 33-220 MPDE, SB*, WELDER®
Detroit Dlesel Series 71. 498 190-460 | SB, li\ﬂpI:,DEEé gs&gL gggm E,
Series 149 156 1350 S8DG
4-107 64 25 SB’
Westerbeke 108U-14088 70 25 S8
Waukesha L1616DSIN 14 500-600 SSDG, MPDE
16-567C 6 1350 EDG
EMD 16-645E5 32 2700 EDG
12-645E2 1 1350 EDG
lsotta Fraschini —D-26.55 6V-AM 84 600 SSDG, MPDE
ID 36 SS 8V-AM 45 440-800 SSDG, MPDE
KTA-2300-G 1 1100 EDG
Cummins KTA-38-G1 1 875 EDG
KTA-50 3 1280 MPDE _
Yolvo Penta AQAD-41A 86 165 8B
Paxman 16RP200M 52 3350 MPDE
Total 1486

'EDG — Emergency Diesel Generaiar
MPDE — Maln Propulsion Diesel Engine
SSSDG — Ship Service Diese! Generator
*SB - Small Boat

Swelder - Welder Generator

°FP - Fire Pump Engine -

There is a definite correlation between fuel sulfur
content and the particulate emission rate as
shown in Figure 1 from the Lioyds study on diesel
engine stack emissions [7). By buring a fuel with
low sulfur coniant, the pariiculate emissions can
be reduced significantly. -

DIESEL ENGINE EXHAUST PARTICULATE
REDUCTION TEGHNOLOGIES

We contacted nine diesel engine manufacturers
(five United Stales’ and four foreigr) regarding
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PM reduction technologies for diesel engines,
The following sections desctibe our findings.

Diasel Engine Manufacturers' PM Technology
Overview

U.S. diesel engine manufacturers have begun to
address the problem of controlling emissions from
their nontoad engines. Initial efforts were directed
foward NO, emissions bul lately they have
focused on PM emissions as a result of the EPA's

. latest rulings. Because the exhaust emission



Table 7. Navy Diesel Engine Exhaust Particulate Emissions

1 550 0.17 015 @ Rated hp & rpm, 0.2 % fuel sulfur by weight, No. 2
diesel

2 1380 | 0.30 0.15 @ Rated hp & rpm, 0.2 % fuel sulfur by weight, No. 2
diesel

3 1501 0.39 0.15 @ Rated hp & rpm, 0.2 % fuel sulfur by weight,
distitlate fuel

4 3084 Q.18 0.15 @ Rated hp & 1pm, 0.2 % fuel sulfur by weight,
distillate fuel

5 3393 0.20 0.15 @ Rated hp & rpm, 0.2 % fuel sulfur by weight,

‘ distitlate fuel

6 8500 0.12 0.15 @ Rated hp & rpm, fuel sulfur <0.5%, No. 2 diesel

7 16,290 | 012 0.15 @ Rated hp & rpm, fuel sulfur <0,5%, No. 2 diesel

8 252 0.28 0.15 @ 2800 rpm

standards {for larger marine diesels arz just
starting to emerge, manulacturer’s efforts have
been directed toward those product lines wilh
garlier timetables for emission standards. Most
engine manufaclurers have environmental or
certification departments responsible for keeping
abreast of the latest proposed emission standards
issued by the EPA, CARB, or IMO. They lobby
independently and as a consorlium through the
Engine Manufacturers Associafion (EMA) o
comment on and propose changes io emsrging
standartcis based on bast available ischnologies.

Many of these available technologies are
currently being apglied to the diesel engines used
in highway (truck/bus) service and locomotives

because emission standards for these platforms
must be mei sooner. The technologies
developed for these purposes, gccording (o Llhe
manuiacturers, will be easily transferred to marine
applications with modifications for seawater
cooling and other oif-engine equipment.

Some of the manufacturers we contacted are
pursuing technologies that will meet EPFA
guidelines for onroad diesel engines and
locomotives because they will come into effect
before the guidelines for diesel marine engines.
Such technologies include increasing injection
and coylinder pressures; new or improved
turbochargers; oil, airffuel, and timing control;
additional afiercooling; combustion system
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development; electronic fuel systems to regulate
injection and pressure; and changes in piston/ring
geometry to oconirol oil-based particulates.
Additionaltechniques include the use of elecironic
unit injection (an engine-mounted computer to
electronically inject fugl) and other forms of
electronic engine contrel.  Others install post-
freatments such as catalysts or filters to reduce
PM emissions to accepiable levels. Some
manufacturers stated that aftertreatment of the
exhaust stream, such as particulate traps and
chemical injection, is being pursued, but is
considered a last resort to meet emission
standards . if other technologies do not lower
exhaust erigsions sufficiently,

Fue! additives are also recsiving much attention.
Engine manufacturers and oil companies are
actively pursuing additive research for thse
reduction of engine emissions.

Because the engines of some manuiacturers
already meetthe current proposed PM standards,
they are focusing on emissions other than PM
since it is not 2 major problem with their engines.
There appearsd to be a consensus that the
foreign manufzcturers, although conducting
research to curbk a variety of emissions, were
more interesied in reducing NO, emissions than
PM.

PM Reduction Technologies .

We investigated potential particulaie emission
reduction devices and fechnologies to determine
their cost, particuiate reduction capability, special
requirements for installation or cperation, and
passible installation on board a Navy ship. The
feasibility of installing a device on board a Navy
ship was determined based on our review of the
literature sent by the equipmeni manufacturer,
vendors, and various after-market companies;

and on internet searches, including the DieselNet .

wabsite, at http/www.dieselnet.com.® Another
source of information wasa listof participants and
abstracts fram the 1997 Diesel Engine Emissions
Reduction (DEER) Workshop, July 27-31, 1997 at
the University of Califomnia, San Diego. We wrote
to most of the vendors asking for cost and other
information forthose engine types typically found
on board Navy ships. We provided the
horsepower, size, exhaust flow, and exhaust
temperature ranges of Detroit Diesel series 71
engine {a 250-hp 8-71), a Caterpillar generator
engine (Model 3608), and & large main propuision

3 Copyright ©1997 Ecopeint Ine. DieselNet is a public
site, but the technical data requires a subscription to
assist with the costs of maintaining and updating it.
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engine (Colt Pielstick PC 2.5, 8500 hp) for
identifying applicable technologies.

Aftet completing our investigation of particulate
emission reduction devices, we organized the
data we collected into six categories: fuel
conditioning devices, catalytic filtersitraps,
flowthrough oxidation catalyst, devices in
developmental stages, fuel additives, and catalyst
vendors.

Fuel Conditioning Devices

We found only one fuel conditiching device. This
is likely due to the fact that the technology is
patented based on the findings published in an
S8AE paper, which stated that increased {fuel
temperature improves combustion, the main
factor in the creation of diesel particulates. The
following list summarizes some of the aspects of
thal technology:

» Increases fuel temperature prior to injection

(heat exchanger).

Reduces fuel consumption.

Requires no maintenancs.

Reduces CO 19.8 parcent.

Reduces HC 67 percent.

Reduces NO, 14.1 pescent.

Reduces PM 40.8 percent.

Requires modification of the engine cooling

system.

+ Patented technology stems from SAE paper
860306.

» Prices range from $675 fo $6,500 based on
flow rate and the diameter of the fuel supply.

+ [Installation could take 2 hours o 3 days
depending on application.

Catalytic Filters/Traps

Most devices available with completed
commercial designs are particulate filtersftraps
with and without catalytic coatings. These
devices operate primarily as a filter that collects
the soot, which burns off if exhaust temperatures
reach 550°C (1022°F) for 20 percent of the duty
cycle. This process is referred fo as
“regeneraiion.” Because such high temperatures
are not always reached (engine at light load or
idle}, a catalyst is sometimes used to help lower
the regeneration temparature. The filter shouid
be Installed as close to the exhaust manifold as
possible. If the temperaiure required by the
catalystis not achievable, an oulside source such
as a heater or heated fue! injected into the
exhaust stream will be required to raise the
temnperature.  Buch devices may be used to
furtherincrease the exhaust temperature because
the higherthe temperature, the more effective the
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frap. One concern of the parliculate trap is
increased backpressure when the filter becomes
plugged; it should be monitered to indicate when
the filter needs to be cleansd ar is not working
properly. The following list summarizes the
characteristics of the particulate fllier/trap:

» Reduces HC and CO 90 to S5 percent.

« Reduces PM 80 {o 95 percent.

Low sulfur fuel is recommended for best
operation.

» Poses risk of increase in exhaust
backpressure.

+ Imposes 1- lu 3-percent [uel penally due to
increased system backpressure.

+ s installed as close as possible {o the
exhaust manifold.

* Exhaust temperature trace must be
conducted under normal working conditions
before instaliation can be recommended.

» Soot will burn naturally at temperatures of
550°C (1022°F), however, catalyst coating
can be used to Inltiate regeneration at 400°-
420°C (752° - 788°F).

+ Soat {particulate) and HC are converted to
CO,and H;Q.

CO is converted io CO,.

Invoives various methods of maintenance
from weekly inspections and preventive
maintenance o removing and cleanirg after
every 2500 hours of operation.

» Has been used in yacht applicatiors (DG
sets) and tested on buses and trucks in
Europe.

* May possibly increase NQ, emissions.

« Price quotes range from $7,000 to $90,000
ior the Detroit Diesel and from $145,000 to
$300,000 {or Colt Pielstick from a variety of
vendors.

Flowthrough Oxidation Catalyst

The flowthrough oxidation catalyst device is
similar 1o a filier or trap except that it does not
impede the flow of the exhaust to trap the
particulates. 1t effectively removes CO and HC
and some particulates (especially the HC portion).
Informalionabout the flowthrough device incjudes
the following:

* Metallic catalyst substrate of “folded” design
will not crack or telescope.

* May reduce GO and HGC 90+ percent if
exhaust gas temperalures reach S00°F
{482°C}.

» Typically reduces parliculates 25 to 50

~ percent.

= Minimum exhaust {femperature of 200°C
(392°F} is necessary to *light of” catalyst
(results in ~25-percent reéduction in HC and

55-percent reduction in CO).
increases with temperature.

= Asthe exhausttemperature rises, the catalyst
becomes more efficient.

- Catalyst oxidizes HC and CO by forming CO,
and H,O.

+ Maintenance requirement is minimal.

» Recommended installation is near the
exhaust manifold flange.

» (Can be mounted in any position.

+ Prices ranged from $675 to $6,480 for
exhaust pipe outside diameter (OD) below 6
inches. Forlarger OD, use multiple devices.

Eificiency

Devices in Developmental Stages

We also discovered many technologies in the
developmental stages, which are summarized
below:

1. Microwave-regenerated particulate trap
» Initially developed for small engine
~ 5.9 liters.
= Microwave heats particulale substrate.
+ Reduces particulate by 80 percent, HC by
80 percent and CO by 85 percent.

2. Catalyzed wall flow parliculate filter
Reduces NO, {over 95 percent) and

particulate (80-80 percent),

« Requires 661°F exhaust gastemperature
for soot oxidation.

+ Afew prototypes are installed on urban
buses.

» Filter units can be fabricated to
accommodate engines up to 30-iter
displacement.

« Isthe size of @ small muffler.

3. Chemical treatment of the exhaust gas

»  Chemicalis sprayed into exnaust stream.

= No catalyst is required.

+ Chemically treals exhaust gases using
low-cost nonhazardous liquid chemical.

« Exacts 8-percent fuel penalty to heat
exhaust gas to maintain reaction
temperature of 1400° to 1500°F.

+ Liquid chemical storage could be 10
percent of volumetric fue! capacity.

» Operating full-scale prototype and a few
additional prototypes have beeninstalied.

« Initial system would range from $15,000
to $100,000 based on size.

« For future units of greater production,
prices are expecied to drop 50 to 70
percent.

4. Nonthermalplasma assisted catalyst process
» Lab tests show 90-percent reduction in
NQO, and particulate.
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+ No onboard chemicals or heating is
needed.

»  Smail amount of eleetricity is required to
generate nonthermal plasma oni a
ceramic surface. .

»  Developmentai, commercial prototypes

are expected in 1397 and .

commercialization by 1989,

» Emission reduction begins immediately—
no wait for the exhaust temperature to
rise.

5. Oxygenand nitrogen enrichment by compact

membrane system

+ Permeable membrane separatesambient
air into oxygen-tich and nitrcgen-rich
streamns for use in the engine.

+ Reduces particulates 60 percent.

+ Increases engine power output 50
percent.

+ Oxygen stream is providsd 1o engine to
improve combustion.

» Nitrogen stream is fad to exhaust as a
plasma to reduce NO, emissions.

+ Increases the in-cylinder concentration of
oxygan from ambient 21 to 25 percent.

6. Oxygen-enrichment and an oplimized diesel-
electric hybrid system
*« Both techniques increased MNQO,, but
exhaust gas asfter-treatments can be
used.
» Project applied oxygen-enriched diesel
and a hybrid engine technology on

Chicago Transit Authority buses - both -

reduced emissions and met the
mandated limits of the Clean Air Act
Amendments.

Fuel Additives

Fuel addifives were not heavily pursued for naval
applications because of logistics problems, but
they were considerad because the fuel savings
baianced the cost of the addilive, resuiting in no
additional cost {o the consumer. We learned the
Tollowing about using fuel additives:

Reduces CQ, HC, NC,, and parliculates.
Eliminates visual smoke.
Improves fuel economy beiween 4 and 10
percent depending on the engine.

« Specifies marine industries under possible
applications.

* Savings in fuel and maintenance resultin no
additiona! cost.
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Catalyst Manufacturers

Most catalyst manufacturers team with a“canner’
{manufacturer of catalyst container) to supply the
end product. When contacied, these catalyst
manufacturers put us in contact with a number of
‘canners.”

After reviewing all the information we gathered, it
became obvious that while the problem of
substantially reducing the PMirom diesel exhaust
hasbeen solved, the practicality and cost of some
of the solutions leave much to be desired.

The filter/trap devices that achieve the greatest
reduction and capture soot patticles are
pariicularly fraught with drawbacks. Thay are
costly and, under varying engine load conditions
when the exhaust temperature drops, require an
auxiliary or regeneration sysiem (electric heater
or combusted fuel to burn off the accumulated
soot) to keep the filter from clogging and harming
the engine.

The flowthrough oxidation catalyst, which is
primarilly used to reduce HC and CO for
machinery operatingin enclosed spaces {forkfifts
in warchouses, mining eguipment, etc.), will
provide some FM reduction of the SOF but does
not capiure soot pariicles, which are the most
harmful particulate constituents. Its iower cost,
better reliability, and ability to reduce PM,
however, make it a somewhat attractive
candidate.

The number of PM reduction devices in the
developmental stages indicatesthe inadequacyof
existing technologies. Perhaps from these
developmental devices and technologies will
come a refiable, low-cost, and effective solution.

Retrofit of PM Reduction Devices

To install any such device on an sexisling
shipboard engine, a shipcheck will be necessary
to answer the following questions:

» lsthere sufficient space to install the device?
If not, what items have to be relocated to
make room for its installation?

+ Wil the existing exhaust piping require any
modifications to accept the device and
auxiliary squipment such as instaltation of
flanges for support, and heaters for
maintaining the exhaust temperature for
regeneration, etc.?

s Willit be necessary {0 design and install new
parts, such as brackets, to support the weight
of the device?




«  Will other systems have to be checked for
availability and capacily, such as electrical
systems for power to hezters, alarms, stc.?

*  Will documentation for the aoperators be
necessary so they can maintain and
traubleshoot the device?

»  Will modification to the system result In
backpressure - that exceeds the OENS
maximum allowable? Exhaust system
backpressure calculations should be done lo
ensure that this does not happen.

What is the cost of the device?

What are the instaliation costs {labor hours,
any special equipment or persennel needed,
ete)?

« What are the annua] meintenance costs or
hours (including spare paris)?

*  Are the weight and size (volume) acceptable
for the ship?

= What additional components are associatad
with the installation (piping, contro! systems,
electrical service)?

Selection Process

To determine which device or iechnology would
be the best overall choice, we developed a set of
five criteria that were essential for success.
These five criteria were then weighted {Good,
Salisfactory, or Bad) according to how well the
equipment met them. The five criteria are:

1. ReductionBenefit—How wellihe equipment
reduces the exhaust emission under
consideration.

Good = 20+%
Satisfactory = Some reduction up 10 80%
Bad = Mo reduction

2. Acquisition Cost {as % of Engine Cost) —
The approximate costs for the engmes used
in this study were:

Detroit Diesel (8-71) - $47,260.00
Calerpillar 3508 - $2,260,000.00
Colt Pielstick (PC 2.5)- $4,200,000.00

Acquistion cost weighting factors are:

Good= <10% of engine cost
Bad = >10% of engine cost

3. Installation Effort — The estimated hours
needed to install the equipment and support
systems, plus any removals required to make
room for them.

Good = <24 Hours
Satistactory = >24 hours <48 hours
Bad = > 48 hours

4. Operating Costs — Those costs associated
with operation of the equipment such as the
addition of chemicals, power for slectric
healers, replacement of filters, elc.

Good = Minimal cost

Satisfactory = Minimal to significant

Bad = Significant cost compared to normat
operating costs

5. Maintenance Costs - Those cosls
associated with doing maintenance on a
plece of equipment such as periodically
changing a filler, etc.

Good = Liltle or no maintenance required for
the equipment.

Salisfaclory = Somie mainlenance required
but of routine nature and atsufficient intervals
so as not 1o be burdensome.

Bad = Short maintenance intervals with
procedures that are not easily performed.

Figure 2 shows how the criteria ¢an be used o
select the equipment or technology best suited for
us¢ or the Navy engines. As we had concluded
from our research, the equipment that provides
the best reduction {(catalytic filtertrap) is also
costly andhas higher than normal operating cosls
associated with it. But since this is the only
device that will substantially reduce exhaust
emissions, the decision mustbe made 1o live with
the shottcomings or decide on a compromise
solution. The ideal exhaust reduction equipment
should have the many good qualities of the fuel-
conditioning device and fuel additive coupled with
the good raduction qualities of the catalytic
filter/rap.

CONCLUSIONS

« Given the cost of the add-on PM reduction
devices and complexity of installation, it may
not be practical to backfit every engine with a
particulate reduction device.

« The survey determined thal a number of
companies manufacture and sell PM-
reducing devices that can be adapied
{added) to Navy shipboard diesel engines.
But here is ne clear-cut choice of device or
technology available for cost-effectively
reducing PM.

« The majority of the commercially available
devices are of the filter orflowthrough catalyst
design.

= The flowthrough catalyst device effectively
removes the SOF portion of the particulates
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and is more reliable than the filter trap, but it
is hot zs effective in teducing the toal
amount of particulates,

The filter traps are the most effective in that
they aiso capture the soot portion of the
patticulate, however, they are subject to
cloggingthat can produce backpressures that
can damage the engine.

The filters or flowthrough type-employing
catalysts are temperature-dependent: the
higher the engine exhaust temperature the
more effective they are. To raise the exhaust
temperature when the engine exhaust is too
coal (partial or low load}, some type of
healing element is instalied in the exhaust
system. Not only does heating of the exhaust
at low loads ensure proper operation of the
filter/trap, but it also provides protection
against & clogged filter that can cverheat and
become damaged during the regeneration
cycle.

The requirement for high operating
temperatures requires that the filters be
located as near to the engine exhaust
manifold ais possible.

The filter/frap and flowthrough devices can
replace the existing muifler, -but in marine
applications we examined, this resuits in the
device being placed too far from the exhaust

manifold and increasing the exhaust
backpressure.
At this time, original equipment

manufacturers (CEMs} do not plan fo rely on

filers/traps 1o reduce exhausi parficulate

emissions o required levels, This doss not
bode well for lowering the cost of the
equipment. ‘

There is a high correlation between Fuel sulfur
content and the particulate emission raie.
The burning of distillate low-sulfur fuel results
in significantly lower exhaust particulates by
reducing the suifate portion.

To meset the emerging marine diesel engine
emission limits, it appears that most OEMs
plan to adopt methods used in heavy-duty
highway and other nonroad engines.

Foreign OEMs are concentraiing their
exhaust emission reduction work on NO,
rather than PM.

Most OEMs with the exception of the small
engine manufaciurers have their own
research and development organization

working on reducing engihe exhaust
emissions. ‘
OEMs are working independently to reduce
dieselexhaustemissions, There seemsiobe
verylittie teaming or coliaporation inthis area,
other than to sell each other patenied
emission reduction eguipment.
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ABSTRACT

The Intemational Maritime Organization (IMO)
Annex V! protocol 1o the Intematonal Convention
for the Prevention of Pollution from Ships
(MARPOL) 7378 Convention has éntered lhe
ratification phase. Regulation 13 of this Annex
addresses NO, emission limits for marine diesel
engines. This paper will provide a brief overview
of the new regulations and their expected impact
on the diesel engine commnity.

HISTORY

The increased public awareness of how air
pollution affects the quality of life has spurred
environmental regulatory agensies around the
world to consider plans to mitigate it. The
California Air Resource Board (CARB) is one
such regulatory body that, in 1980, issued a
proposed State Implementation Plan (SIP) for the
1990 Clean Air Act Amendment proposing
stringent limits on the emission of oxides of
nitrogen (NQ,} exhaust from existing and new
marine engines. it was the catalysi that focused
the attention of the marine community on the role
ships play in air poliution.

Coincidentally, efforts were aiso underway in the
United Nations .to draft an annex to the
International Convention for the Prevention of
Pollution from Ships (MARPOL) 73/78 agreement.
The annex, which was later to be identified as
*Protocol of 1997 To Amend the International
Convention for the Prevention of Pallution From
Ships, 1973, As Modified By The Protocol of 1878
Relating Thereto" {or Annex Vi io MARPOL
73/78), proposed regulations and standards for
new ships relating 1o fuel sulfur content, disposal
of hazardous material, engine emissions, and
inspection criteria. The Marine Environment
Protection Committee (MEPC) drafted the
proposed Annex Vi based on comments from
member country representatives and their
constituents. Engine manufacturers from around
the wotld were invited to parlicipate in the review

process and concluded that the emerging NO,
limit curve could be met for engines produced by
the year 2000.

Calitornia eventually deferred its proposed
regulations for cceangoeing marine vessels to the
Envirohmental Protection Agency (EPA), which,
in furn has incorporated the MARPOL Annex into
its proposed engine rnules for diesel engines 37
KW and above. The EPA would stil regulate
diesel engines on noan-aceangoing marine
vessels.

Armex VI has undergong its final committes
review and will soon begin the ratification
process.

MARPOL ANNEX VI
REGULATIONS

PROPOSED

The preposed Annex VI protocol contains 19
regulations covering emissions from ships.
Regulations 3, 5, 13, and 14 refer to diesel
engines; the remaining regulations are either
administrative or refer to other shipboard
operations ar systems. Regulation 13 further
requires compliance with the "Technical Gode on
Control of Emission of Nitrogen Oxides from
Marine Diesel Engines” otherwise referred 10 as
the NO, Technical Code. Only new or
substantially modified diesel engines over 130
kW are covered by Annex VI.

Regulation 8 address scenaries in which crew,
equipment, or ship safety is involved Regulation
5 addresses surveys and inspections of the ship
and its diesel engines, Regulation 13 definesthe
explicit requirements for diesel engine NO,
emissions. Regulation 14 limits the sulfur content
in diesel fuel.

Compliance with Regulation 13 is essential for
marine digsel engines on interational voyages.
It does not apply to lifeboat engines, emergency
diesel generator engines, or engines on vessels
that operate solely within sovereign waters.
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Diesel engines undar Regulation 13 cannot be
certified if their weighted emissicns exceed the
limits shown in Figure 1. If an engine's weighted
NO, emission numbar in grams per kilowatt-hour
(g/kW-hr) exceeds the !limit shown in Figure 1, a
NQ, treatment systam or other modification o
lowar NO, is required,

The test cycles and weighting factors used to
calculate an engine=s NQO_emission number ars
shown in Table 1. The letiers and numbers refer
to the engine applicafion and test cyce, D2isfor
a generator sef operating at constant speed. E2
is for a propulsion engine operating at constant
speed such as would be the case with an eleclric
drive ship or a ship with 2 conirollable pitch
propeller, E3 is for a propulsion engine with a
fixed pitch propeller.

The NO, Ceode specifies the following formula for
calculating the NO, emission number:

i=n

ZMGASJ W,
— =l
GAS, =il
2w
i=l
where:

GAS, = average weighted NO,emission
value (gKW-hr)

i = 1 to 4 for the E2 and the E3
application; i = 1 to 5 for the D2
application.

W = weighting factor

Y] = emissions mass flow rate {g/hr

P = power, brake, uncorrected (kW)

Substantial medification to an existing engine will
also require that it be brought into compliance
with the proposed Annex. Examples of
substantial modifications include but are not
limited to the following:

{a) Increasing the maximum continuous rating
of the engine by 10 percent or more

{b) Replacing the engine with a new engine
built on or after 1 January 2000

{c) Any engine modification :halt coukd
potentially cause an engine to exceed the
emission standard

Routine replacement of engine pars or

components that do not alter emission
characteristics is not considered a modiiication.
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IMPLEMENTATION PROCESS

Thig regulation applies to ships constructed en or
after 1 January 2000 and requires that marine

- engines on those ships possess an "Engine

Iniemational Air Pollution Prevention (EIAPP)
Cerlificate@ and that the ships will have to
posssss an International Air  Pollution
Prevention" (IAPP) Cerlificate. The process for
demonstraiing compliance with Annex V1 has
eeveral tiers. First, a precertification ie performed
for the EIAPP Certificate. This certification step
would normally be performed at the engine
marufaciurer's plant and is designed to ensure
that the engina meels the NO, Technical Code.
The second certification step occurs once the
engine is instalied aboard the vessel. This stepis
designed to ensure that the engine adjusiments
mads for optimization do not void its compliance
with the NO, Technical Gode. The ship is issued
an |IAPP Ceriificate based on being cettified.
Subseqguenily, the ship and its engine must be
survayed roughly every 2<1z years.

ENVIRONMENTAL TECHNOLOGY
CHALLENGES AND OPPORTUNITIES

By 2005, it is estimated that 23 percent of the
world=s ships will have been replaced [1]. Many
of these ships will be diesel-powered. Although
mary diese! engine manufacturers will produce
engines that have no problem meeting the
proposed NO, limifations, some may elect io use
exhaust treatment systems. Exhaust treatment
systams, such as Selective Catalytic Reduction
{ECR), suitable for marine environments will suit
these needs. But SCR systems require storage
and consumption of a reagent (such as urea or
ammonia) to reduce NO,. Systems that use
technology not based on the resupply of varicus
products would be more desirable for shipboard
applications and thus represent an opporiunity to
intrcduce new technology.

Many ship owners will also explore varicus
options for demonstrating their continued
compliance once oceftified. Economical and
maintenance-free methods for monitering and
reporting NO, emissions will be considered for
emission-compliant engines.



Table 1. ISO Welghting Factors and Application Codes

% of rated speed | 100 100 100 100 100 100 91 81 63
% of rated load 100 i 75 50. 25 10 100 75 50 25
D2 005 025 0.30 0.30 0.10 ;

E2 0.20 | 0.50 0.15 .15

E3 0.20 0.50 015 | 0.1

Although many marine diesel engines are
derivatives of fand-hased diese! engines, the
manufaciurer may choosa not to transposs land-
based technology to the marine sector for any
one of several reasons, for example, different
operating environmertand engine size. Emission
reduction equipment for marine applications
poses a new challenge for the manufaciurers of
these devices.

FUTURE TRENDS

Several resolutions were drawn up at the final |
review of the proposed Annex V1. Resolution 3,
"Review of Nitrogen Oxides Emission
Limitations," invited the MEFG to review the NO,
emission limils at 2 minimum of 5-year intervals
after entry into force and, if appropriale, amend
Regulation 13 and the NO, Technical Code for
maore stiingent limits. So it is expected that the
NO, limit curve of Figure 1 will be lowered in the
not so distant future.
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DIESEL ENGINES, EMISSIONS REDUCTION, AND "STEP FUNCTIONS" —
IMPACTS AND OPPORTUNITIES FOR GOVERNMENT AND
THE TRUCKING INDUSTRY

Victor A. Suski
American Trucking Associations

There are several themes in this paper. Theyare
not meant tc sound critical or utopian or
outlandish. They are meant o get vyou —
regulators, researchers and eguipment
developers alike - t0 think about what you are
doing and why you are doing it the way you are.
This paper will be, in the minds of some of you,
too general and not specific enough. That Is
because in speaking as a user of emissions
spewing vehicles | den't have a lot of gpevifics.
We, as users, don't have g lot cf say in how you
build things 1o meet govemment regulations and
our specltications as well. Thus we have 1o fall
back on generaliies, But these generalitias, if
broad enough can draw us into the world of
philosophy, where we can altbenefit fromthinking
about how and why we dp things; and even if we
don't quite get that basic, they will atleastindicate
some of the hopes and concerns of fruck users,
who after all, haul about 84% of the nation's
general freight and 85% of its bulk goods
(reference 1).

The thoughts in most of this paper spring from
experience with a small trucking company the
author owned/operated, and the remainder is
based on material from the Environmental Affairs
Department of the. American Trucking
Assodiations (ATA}.

The general themes in this paper are: thers is no
free lunch; there are a lot of coniradictions (policy
and others) out there; be on the lookout for "step
functions™; and let's get positive, ook at
opportunities, and get rid of the adversarial flavor
that seems to pervade relations between
regulators and the regulated. If these themes
seem far removed from diesel engine emissions
per se consider that you co not operate in a
vacuum but in @ larger context, in a very large
system. i will iry to cover each theme saparately,
but of course they are interrelated and one will
weave its way into others and there will be
overlaps.

THERE AIN'T NO FREE LUNCH

The basic concerns here are that we ars ignorant
of the total system in which we operate and thus

many unintended consequences will follow; and
we have to pay a price for the standard of living
we have. A high standard of living requires high
levels of pollution — society Kills, it requires some
{many?) o do the diny work so the rest of it can
cnjoy the highest standard of living in the world,
yet has the idea that no one should die
“prematurely”. It routinely accepts 40,000 or mare
trafficdeaths annually {mostly premature) to have
“freedom through mobility".

Navin, etal. in a paper, {(ref. 2) put forth a
relationship between deaths per person and
motorization. Figure 1 gives this general
relationship. Traffic deathsincrease as a function
of the number of vehicles. Note that social action
can decrease deaths, but they will increase
linearly regardiess. The same pattern holds for
aircraft fatalities, as shown in Figure 2, redrawn
from reference 8. Both figures indicate what will
happenabsent “social” action. Isubmitthat trafiic
and airline deaths are a surrogate for standard of
living. Which means that a lot of people will die
as a result of our standard of living and the
number will increase regardiess of social
measures to prevent this.

A Transportation Research Board (TAB) Report
{rel. 4) contains the sentence: "But continuing
growth in vehicle fravel of 2 to 3 percent per year
will make air quality goals a moving targst. A still
cleaner generation of vehicles will be required to
accommodate yvet another doubling of vehicle
travel’. Why is the targst moving? The target
has no volition of ils own. We make the target
and can make it reafistic or so unrealistic {e.g.
zero defects, zero accidents, zero emissions) as
to cripple the nation by unleashing a set of
unfavorable, unintended, consequences.

That is what bothers me the most — that those
who craft legislation are largely ignorant of, or
only superficially aware of that which they
lagislate; and the bureaucrats obligated fo
implement these laws are {as | suppose they
must be) overly specialized and attend to their
duties with a narrow view; and no one is looking
atthe total picture. Thete are no renaissance men
anymore. We are, and will eontinue to be, vexed
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by & never ending parade of unpleasant
unintended consequences. For example, the
surge in sales of pickup trucks and sport utility
vehicles (SUVs), a reaction of the marketplace to
CAFE standardsthat resulted in "toy” cars thatdid
not do whai people wanied; and air bags, a
safety item killing people.

We are all part of a vast, little understood,
tynamic system and we tinket with tiny pars of it
at our peril.

What this argues for is sensible social action,
action which racognizes whatis achievabie rather
than what sounds gaod oris patently ludicrous, A
rational society, looking at Figutes 1 and 2 would
conclude that since we can't avoid the trend we
shouid ask by how much its slope can be ~educed
and how much social action is required to do so,
and what is the cost of this action. This open
ended moving target business is a nasty trap.

CONTRADICTIONS

Thers are several apparentcontradictions, bothin
policy and implementation that bewilder and
confuse a simple trucker whoe is not afiowed the
juxury of ambiguity nor uncertainty (the load
better be here at 3:00PM or elsel). For axample,
the effort by the DOE to "dieselize” class 1,2, and
8 trucks and sport utility vehicles, a logieal and
sensible proposition, Is controversial because
diesel fuel will be used.

Also, consider "...thefaderal system for reguiating
fuels and vehicles is rigid and is tied to existing
technology. It is not well suited to the different
emissions, energy, and safety atiributes of new
tuels and vehicles; it hinders innovation, does not
allow trade-off between different attributes, and is
insensitive to regional differences.” (ref. 4 ).

Any move toward alternative fuels is seen as a
threatto the Highway Trust Fund revenue stream.
Also, in the alternative fuel area, it would be nice
to see less infighting among the various
proponents. There is a petroleum industry, but
there doesn't appear to be an alternalive fuel
industry.

Ancther inconsistency is the difference between
the Clean Fuel Fleet requirements and the
EPACT reguirements. Thiscohiuses truck users.

what also bewildars is the fact that an
environmental regulation/rule/law is never really
in place because there is no end to the partties
who use the coutts delay, revise or overiurn what
was appatently something we would have to live
by. There is no certainty here. A certain “a pox
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on all your houses" attitudlé can grow up in this
fluid circumstance. One would almost plead that
all parties shut up and get on with it! It is one
thing to exercise one's rights under a democratic
system; quite anclher to use that system for
narrow, selfish interesis. Unfortunaiely, the
concept of the common good doesn't seemto be
alive anymore, which means we are frittering
away precious lime arguing in the cousts rather
than doing something concrate.

STEP FUNCTIONS
Some would call these innovations. By this term

| mean an innovation that spikes up out of the
linear frend line. The fransistor was a slep

- function. While others were seeking evermore

refinements/innovations to vacuum tubes Bell
Labs invented the transistor — a step function in
its day. Jet propulsion was another. Innovations
in dictaphones and typing pools were overcome
by word processors, and on-and on. I bring the
subject up because it may be that while
government and industry are so intently focused
on cleaning up diesel exhaust an innovation may
be quietly under development that will make the
effort pointless, i.e. we can be overtaken by
events This would not be a concermn except that
resourcss are being wasted that otherwise might
accelerate the development of inhovations that
would accomplishthe same ends being soughtby
regulators more cost stfectively.

Examples of innovations which could be
leapfrogging advancas are hybrid driveirains,
either diesel- electric, or fuel cell — gas turbine,
or diesel —gas turbine {the "giesel", beinglooked
al by the U.8. Army). Why is it important 1o track
these potential breakthroughs? Because while
regulations are being litigated and thousands of
people are trying clean up the diesel engine (at
great cost ultimately to truck users and eventually
consumers) a new development may render all
that aclivity pointless and the lime wasted
irretrievable.

innovations are not necessarily limited to things.
It may be that truck users will eventually opt to
"buy" enly the service a truck provides. The truck
builder contracts 1o provide a truck that meets all
reguiatory stipulations and accounis for
degradation, and guarantees a cerain fuel
efficiency. Or “compliance contractors® may
spring into being, companies who will undertake
to ensure that a fleet's trucks are aiways in
compliance with all regulations, regardless of
source, including state and federal DOTs, EPAs,
and aliemative fuel mandates. The trucking
company merely operates the truck. The liability
for proper maintenance of emissions




components, and other mandaled equipment is
passed 1o the bullder, or compllance contractor. It
might be that rental companies would do this, but
regardless of who lakes on thai role thisapproach
would radicallychange how vehicles are caredfor
and whorn regulators would regulaie.

This approach would deal with the concern ATA

has that we are on the leading edge of a shif: in -

responsibility for truck emissions from engine
manufacturers {emissions warranty period,
cettification) {o what happens when the truckisin-
use inthe hands ofthe owner. This would reguire
more intensive preventive maintenance (FM)
programs, fuel quality checks and eonduct of
emissions tests by the truck flest.

Furlher, think about being overiaken by events;
think about China, which is raising its standard of
living. Refererice & contains the prediction that
China will be the world's largest source of asid
rain by 2010. i is ranked 8™ in emission of
greenhouse gases, behind the U.8. and the
former Soviet Union; ard if China's economy
grows at 8.5% for the next 30 years, by 2025 it
will produce 3 imes as much CO, as the U.8.

OPPORTUNITIES

1 think a great step toward reducing emissions for
practical commearelal vehicles, inatimely manner,
is to drastically reduce their fuel consumption.
This means lower tare weigh: and improved
aerodynamics. The great eflort being expended
on reducing diesel engine emissions has worked
against reducing fuel consumpticn. Figures 3and
4 compare brake speuific fusl consumption
{BSFC) for a 1985, 350hp, urbocharged and
aftercooled, mechanically controlled engine and
a 1997, 300hp class turbocharged, interasoled,
electronically controlled, diessl engine by the
same manufacturer. In the sarly 1980s the DOE
had a target BSFC of 0.25 by 2000 for heavy duty
diesel engines.

The net effect is implisd in Figure &, a history of
the fuel efficiency of heavy trucks over the past 18
tears. Figure 5 reporis aciual over the road fuel
economy of heavy trucks used in line haul and
less- than- truckload applications. The latest
survey, the 1927 ATA one seems to indicate a
slight leveling off in perfformance. Whetherthis is
indeed the case is uncertain, but we do know that
speeds are higher and there is a trend toward
higher horsepower engines.

It we can't get reduced fuel consumption through
reducing the engine’s inherent appetite than we
have 1o go elsewhere, and shaping sheet metal
and reducing weight can be the answer. There

has been steady improvement in reducing a
heavy truck's aerodynamic drmag. More
improvement is possible, on the order of afurther
30% reduction (g drag coefficient of 0.25 is
possible per ref. 6). Achieving such a drag
coefficient could allow a iypical traclor-semi-
trailer, used in over the road applications where it
could benefit from agrodynamic improvements, to
save 4,400 gallons of fuel annualily.

Reducing idling is another opportunity, one thatis
currently addressed by the larger fleets, which
program their engines o shut down afteridling a
specified duration, such as 5 or 10 minutes.
However, this does nothing to keep the driver
warm in winter and cool in summet, so drivers
who can {independent non-cormnpany) idle.

Not idling might be enthusiastically embraced if
truck slop electrification was to become
widespread. In 1995 the Edison Electric Institute
proposed wiring truck stops so trucks could plug
in and have electrical power 1o accomplish with
electricity what idling with diesel fuel now does.
The proposal suggested that electiification would
cost a trucker 85 cents an hour lo heat andfor
cool versus $2.00 an hour to burn diasel fuelto do
this. Thig would reduce idling emissions of CO,
by 69%, NOx by 98%, COby 838%, and VOCs by
99% per truck, Truck stops are in fact being
wired now, but only to support communications
and entertainment features (e.9., cable TV) inthe
cab.

Alternative fuels are a major opportunity. Their
use could leapfrog any problems, real or
imagined with diesel fuel, and the debate
between engine manuiacturers and the petroleum
industry, reduce emissions and potentially cost
less. A 1994 ATA Maintenance Council (TMC)
sutvey indicated that, even then, there was more
interost in alternative fuels on the part of fleets,
than one might suspect. Forty-five percent of the
flaats survayed would axperimsnt with aliernative
fuels; and 50% of these, or 22.8% would consider
using these fusls on a larger scale. This
percentage, applied to the 1994 f{leet
membership of TMC, would be about 270 flests.
These numbers presuppose a viable refueling
infrastructure and reasonable fuel costs. The
interest is even stronger today, based on
discussions wilh numerous fleet personnel.

One of the spurs for thinking along the lines
skeiched out above, in addition o personal
experience with a small fleet, was the questions
and comments in the Proceedings of a 1995
Forum on Future Directions in Transporiation
Research and Development, ref. 7.

39



The statement was madz that research was
needed on environmental policy, that policy based
solutions thatfocus on the demand side deserved
equal attention. How rmuch transportation
{mobility) Is enough? And research was needed
to answer the question: who are people and
who are citizens? How are their wanis and
neads moasured? What are these nationat
values that are held most dear?

These questions represent the ultimate
opporlunity- the opportunity to change the context
within which we work , to rethink why we are
doing what we are doing. Does growth have to

mean more vehicles and more poliution? Does .

"standard of living" have to denocte levels of
material goods rather thar, levels of life quality?
If you can change expeciations and provide a
better vision than the ireadmill of chasing a
moving target then you will truly have made a
contribution and elimirated the need for fulure
diesel engine emissions conferences. This is
where the majorily of our efforis and resources
should be going. | just wish we would ask some
fundamental questions before continuing down
the road we are on—chasing moving targets and
being so fixated on the targets that we miss
opportunittes and fail to dissern unintended
consequences.
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CALIFORNIA’S SINGLE STATE DIESEL DILEMMA: FACT VS, FICTION

Stephanie Williams
California Trucking Association

ABSTRACT

The Office ol Environmental Health Hazard
Assessment (OEHHA), a part of the Caiifornia
Environmental Protection Agency, is responsible
for implementation of the Sa‘e Drinking and
Water Act of 1886. Proposition 65 requires the
CGovernor to publish a list of chemicals that are
known to the state of California lo cause cancer,
birth delects, or other reproductive harm. Only
the chemicals on ths list are regulatsd under law.,
Businesses that produce, use, release, or
otherwise engage in activilies involving those
chemicals must comply with requirements for
clear and raasonable warnings and prohibition
from discharges into drinking water.

Diesel exhaustwas added to the Governors list in
1991, In 1993, the California Air Resources
Board (CARB) mandated that clean buming
CARB fuel be manufactred and sold in
Califomnia. The cost o the industry was $5 biilion
to re-tool refineries, which was and is, passed on
to California companies who use CARB diesel. In
1988, the staie of California found that the ciean,
more expensive diesel fuel, removed ioxic
chemicals and improves public heailth. Today's
diesel emission standards boast 90% less
particulate matter and 77% less nitrous oxides
than technology purchased just 15 years ago.
Hundreds of millions of doilars of investment for
tomorrow’s diessl technology will be wasted if
diesel exhaust remains at target in Califomia for
lawsuits. ‘

Currently, over 200 lawsuits have been filed
against diesel truck users for emilting CARB
diesel from heavy-duty trucks. The evidence that
environmental frial lawyers use to prosecute
diese! users is the California Draft Document on
the Toxicity of Diesel Exhaust, The science used
to allege diesel exhaust is a cancer threat is
opposed by the majority of the science
community, which includes the original scientists
who conducted the mat and human studies
Califomnia relies on. California's controversial risk
assessment found diesel exhaust exposure at
ambient levels responsible for 200 - 2,000 lung
cancers permillion peopie. California claims that
no safe threshold exists for ambient exposure to
dieseil exhaust exists. Federal EPA's Clean Air
Science Advisary Committee (CASAC) rejected a

waiered down version of the California report
ciaiming limited evidence in hurpans. The
California legislature is looking into this California
diesel problem.
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California’s Single State Diesel
Dilemma: Fact vs. Fiction

1998 Diesel Emission Reduction
Workshop

Stephanie Williams
California Trucking Association
. Director, Environmental Affairs

L 4

California’s Trucking Industry

76% of CA communities rely only on trucks
for their freight needs.

CA trucking payroll generates $31 billion in
salaries and employs diverse populations

Trucks move 960 million tons of
manufactured goods

An average product moves by truck 7 times
before it is offered for sale.




California’s Diesel Dilemma

Trucks do not see state lines
— Fuel prices change buying habits
— Interstate trucks domiciled outside of CA gain a

competitive advantage when regulations only
apply to CA companies

60% of the trucks operating in California
are domiciled in other states

Trucking rates are cxtremely competitive

Small increases in price shift freight
movement

California’s Diesel Dilemma

Criteria pollutants dramatically reduced in
last decade

— 77% reduction in oxides of nitrogen
— 90% reduction in particulate matter i

Federal standards implemented to reduce
sulfur from diesel fuel in 1993
~ CAreformulation

* Reduce aromatic;s to 10%
* Reduced toxicity
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California’s Diesel Dilemma

« Cost of improved technology for trucks
— $5 million per engine through lifecycle

¢ Cost of reformulated fuel in CA alone
- $5_ billion

« Capital investment in diesel over last
decade over $25 billion

California’s Diesel Dilemma

» The Séfe.Drinking Water and
Toxic Enforcement Act

» Toxic Air Contaminant




The Safe Drinking Water and
Toxic Enforcement Act

+ Ballot Initiative passed in 1986

» Referred to as Prop 65

— Prohibition of contaminating drinking water
‘with chemicals known to cause cancer or
reproductive toxicity

— Requires warning before exposing public to
chemicals known fo cause cancer or
reproductive toxicity

T he Safe Drinking Water and

Toxic Enforcement Act

» Prop 65 requires a “clear and reasonable
warning” before exposing people to a
chemical with a risk of more than
1/100,000 for cancer

* Authoritative body mechanism for
chemicals that are listed under JARC

— 1990 an TARC listing for diesel exhaust
triggered a listing on the Prop 65 Governor’s

List of chémicals known to the state to cause
cancer.,
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The Safe Drinking Water and
Toxic Enforcement Act

e International Monographs on the Evaluation
of Carcinogenic Risks to Humans, Volume
46: “Diesel and gasoline exhausts and some
Nitroarens, JARC, Lyon, France 1989.

— Diesel exhaust was not classified by IJARC as a
known carcinogen (Group 1)

— Classified 1n Group 2 under probable/possible

The Safe Drinking Water and
Toxic Enforcement Act

* Ballot stated:

— “Singles ont chemicals scientifically known to
cause cancer or reproductive harm™

— “tells businesses don’t expose us to any of these
same chemicals without a clear and reasonable
waming”’ ’

— Allows citizen groups to collect attorneys

fees and enforce statute should Attorney
General not prosecute in 60 days.




The Safe Drinking Water and
- Toxic Enforcement Act

» Federal counterpart called Hazardous Air
Pollutants (HAP)

- Diesel exhaust not listed
» Federally, diesel exhaust is not considered a

known carcinogen in ambient air or
occupational settings

California’s Diesel Dilemma

* The Safe Drinking Water and

Toxic Enforcement Act
* Toxic Air Contaminant

47




458

Toxic Air Contaminant

» AB 1807 created a process to address
potential public health effects from TACs
— “a substance which may cause or contribute to
an increase in mortality or an increase in
serious illness or which may pose a present or
potential hazard to human health” H&S 39655
~ Risk assessment determines if a substance is
toxic and to what extent (OEHHA)
— Risk management determines the need for and
appropriate degree of control measures (CARB)

— Risk management occurs only if CARB

Toxic Air Contaminant

» 190 1. diesel exhaust entered into the TAC
process for risk assessment by OEHHA

+ 1991-94 OEHHA conducts hiterature search
on diesel exhaust exposure and finds
ambient exposure responsible for 22-4,400
additional lung cancers per million people

» 1998 OEHHA releases document finding

ambient exposure to diesel exhaust
responsible for 200-2,000 additional lung

cancers per million people
» Best guess number is 450 per million




Toxic Air Contaminant

» OEHHA study relies on three studies

— Cohort of railroad workers, Garshick et al
conducted during the 1950-60

— Rat studies, Mauderly et al
— Meta analysis of 29 studies, Bhatia et al

* Federal EPA CASAC rejected a watered
down version of this report in May 1998

California’s Diesel Delimma

* The Safe Drinking Water and
Toxic Enforcement Act

¢ Toxic Air Contaminant

« AND THE 260 Lawsuits against

California businesses that receive

shipments from diesel trucks

— (260 today, the with a draft document...2,600
on July 30 when finalized by CARB
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California’s Diesel Dilemma

The same week the OEHHA document was
finalized, a press release from
environmental bounty hunters read “Citing
cancer risks, Environmental Coalition, State
of California sue 4 major L.A. supermarket
chains {or exposing neighbors to hazardous
diesel exhaust”

National Resources Defense Counsel

Environmental Law Foundation
Coalition for Clean Air

e R

Lawsuits

Unfair business practices
Violation of Prop 65

Seek order to require companies to warn
residents in communities surrounding
grocery stores and their workers that they
are being exposed to a known carcinogen-
diesel exhaust

Settie for huge penalties and phase out of
diesel engines over 5 years




California’s Diesel Dilemma

CARRB tries to move ahead as if Prop 65 and
TAC process unrelated

CARB ignores lawsuits

Legislature wants oversight hearing to

invite the original scientists to speak on the
science

Truckers introduce bill to require federal
conformity on risk assessment

Conclusion

Diesel exhaust is heading for the legislature

Clean CARB fuel causes cancer but federal
fuel does not?

Was $5 Billion in refinery re-tooling to
reformulate diesel in 1993 wasted in CA?

Why don’t miners get cancer when exposed
to 1000 times the concentration of diesel
exhaust?
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