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BACKGROUND 

Essentially all of the increase in highway 
transportation energy use sine.e the oil embargo 
in 1973 has been dueto trucks (see Figure 1) for 
two reasons. First, freight transport provided by 
heavy- and medium-duty trucks has ~ontinued to 
grow concomitant w|ththe expansion in economic 
activity. Second, there has been an explosive 
growth in popularity for personal transport of tow- 
mpg (miles per gaII0n ) sport utility vehicles, vans, 
a~d pickup Irucks (also used for commercial 
transport by business enterprises). Energy 
Information Administration (EIA) data [1] show 
that in 1996 trucks of ell classes consumed more 
fuel than automobiles for the first time. 

Since it is necessary to continue to produce and 
transpor~ goods, and provide services important 
for economic growth, commercial trucks must 
continue to ply the highways amidst the growing 
concern about vehicle emissions ef criteria 
pollutants, global climate change from 
greenhouse gases such as carbon dioxide, and 
another looming energy crisis. Two issues have 
to be faced, namely: a) how to meet the demand 
for eommerciai transport to sustain continuing 
expansion of economic activity in an energy 

efficient and environmentally sound mazlner and 
b) how to increase the efficiency (without 
compromising the fun~ionalily of pickup trucks, 
vans, and sport utility vehicles while reducing 
criteria pollutant emissions to very' low levels. 

A real and viable strategy 1hat addresses both 
issues is to increase the use of the mo~ efficient 
engine in production today, the diesel 
(compression-Tgnition cycle) engine, ulilizing the 
mo~t cost-effective emissions aontro! 
technologies. 

THE CASE FOR THE DIESEL ENGINE 

The diesel engine is the eLqgine-of-choice for 
heavy-duty freight transport where efficiency, low 
speed power requirements, durability, and 
reliability are impor~emt. ]t is much morn efficient 
than the gasoline engine, which accounts for its 
dominance in commercial transport where cost 
competitiven~s 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  Efficiency 

inland marine tmnspect are almost completely 
diesel powered, and by widespread industry 
consensus, are expecled to remain so in the 
foreseeable future. 

Other than the diesel engine, there are currently 
no available technolcgies that can directly 
compete with the gasoline engine and radically 
improve the fuel efficiency of pickup trucks, vans, 
and sport uti:ity vehicles. These vehicles are 
popular because of their towing end hauling 
capacity, four-wheel drh/e traclJon, and off-road 
capabilities. Direct injection diesel engines in the. 
power range of 200 horsepower and greater are 
suitable for these trucks and efliciencies at peak 
power are from ~38 to 4.2 pement compared to 
O~so]lne engines at 34 percent. Recenl 
experiments utilizing direct injection diese] 
engines in these vehictes ind|oate that fuel 
economy can be improved by 35 percent or more. 

Because of this higher efficiency, diesel engines 
produce lower greenhouse gas emissions than 
comparable gasoline engines (;'0 [Dement less in 
the 19709 and now over 30 percent due to a 
widening efficiency gap). With mounting 
international preseurest~ reduce greenhouse gas 
emissions from the U.S. transportation sector, the 
diesel engine appears to be a technology for 
doing so rather quickly without adverse economic 
impaet¢. The !nfraetrueture for manufacturing and 
servicing the engine is already in piece. In 
Europe where fuel p rices have always been much 
higher than i;he U.S., the diesel engine has 

achieved a substantial measure of acceptance 
even for personal transportation. 

Despite its technical advantages over gasoline 
engines, concern about increasing"dieselization = 
of these vehicles has been expressed by some 
environmentatgroups;these includethe Union for 
Concerned Scient ists,  American Lung 
Association, American Council for an Energy- 
Efficient Economy, Environmental and Energy 
Study Institute, Natural Resources Defense 
Council, Sierra Club, Environmental Protection 
Agency, California Air Resources Board, South 
Coast Air Quality Managemer=t District, end the 
Council on Environmental Quality. They' have 
expres=ed concern that widespread deployment 
of diesel engines in transportation will be 
detrimental both to the environment and to hu man 
health. 

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

The anti-diesel campaign has intensified as it has 
become apparent that the diesel engine is the 
only currently available ~,tternativeto the gasoline 
engine. Citing studies (albeit based on pro-1990 
engines) Qn potential health effects of diesel 
particulate emissions, there has been an attempt 
in California to declare diesel exhaust a~ a toxic 
air contaminant and, therefore, effectively ban the 
diesel. 

A shift to the less efficient (more carbon dioxide 
producing) gasoline engines for freight transport 
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vehicles would be costly to implement and would 
reduce further the already low profitability of 
trucking companies. Such ~s ~hltt assumes that 
gasoline e~aust is  much less harmful than diesel 
exhaust, This as,sum ption is by no means certain. 
Is the re s uffiQient into rrnation on the health effects 
of gasoline exhaust paMioulates to determine If 
they are less deleterious than those from diesel 
fuel? Perhaps an excerpt from an EPA report [2] 
comparing the cancer risks from gasoline and 
diesel particulate matter best Illustrates 1his 
uncertainty, The report states: 

=Although gasoline engine emission 
particulate matter is similar to diesel 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 relier than 
particles, i o r a  number of reasons. "]'he 
comparative potency method is believed, at 
present to be the most logical approach for 
estimating cancer risk fmrn gasoli[~e engine 
exhaust because, first, the EPA's particle 
based unit risk estimate is not an official 
estimate and is subject to change. Also, 
while the composition of gasoline exh~ust 
particulate matter may be ~imilar to zha! of 
diesel exhaust, the particles are 
considerably smaller. Cancer potency may 
therefore differ from diesel exhaust because 
of greater particle, surface area per unit 
volume and because o~ altered deposition 
rates. Finally, since no chronic inhalation 
bioassays ha~e been carded o~t on 
gasoline engine emissions (err~oh,~sis 
cure), a particle based can~er dsk estimate, 
using the same rnethodofogy for diesel would 
contain a considerable degreeof uncerlainty." 

Certain things stand out from this excerpt: 

Toxicity studies have been carried out on 
die~el particulates but not on gasoline 
particulates. 

The EPA particle-based unit risk estimate 
(which is not official and subjectto change) is 
used to es*Jmate the c~ncer risk from disco[ 
particulates. Using it for gasoline particulates 
would certain a considerable degree of 
uncertainty, and, therefore, not done. 

Because they are considerably smaller than 
diesel padiculates, gasoline particulates have 
greater surface area per unit volume and 
d~erent deposition ra~es, and thereto.re, 
different cancer potency than diesel 

parlJ0ulates. However, healthstudies indicate 
that the smaller particulates maybe more 
deleterious Man the larger particulates. 

Health studies indicate thet fine Darticulates may 
be highly toxic to the human lung at very low 
mass concentration because of: a) large numbers 
per unit mass; b) high deposition efficiency in the 
lower respiratory tract; o) inability of the 
respiratory tract to clear itseff ef such perticulates; 
and d) increased surface areas available for 
interactions with cells [3]. These studies indicate 
that particutates have a tendency to become 
deeply deposited in the lungs and bronchial 
tubes. This tendency increases as the 
particulates become smaller, indicating that 
gasoline particulates, compared to die~el 
particulates, are more readily embedded deeper 
into the lungs and potentlally cau~ng problems. 
Therefore, gasoline particulates presently could 
p~se an even greater health risk than diesel 
particulates since the greater number of our 
vuhirales ur~ gasoline fueled. 

In September 1997 the EPA issued new 
standards |orflne particulates (or PM 2.5) under 
the National Ambient Air Quality Standards 
(NAAQS) of 15 and 65 mierogram~ 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 are 
deposited in the alveolar region of the human 
lung (s~e Figure 8). At a resting ventilation of 8 
liters per mi'nute and exposure concentration of 
100,000 particle~ per cubic aentimeter, about 80 
particles per hour per alveolus would be 
deposited in a human lung with 300 million 
alveoli. This large number of particles represents 
only about 0.5 micrograms per cubic meter. 

CAN TIlE DIEgEL MEET FUTURE EMISSIONS 
STANDARDS? 

Contrary" to the old perception about diesel 
engines, high efficiency benefits can be obtained 
without penalizing the environment. Compared to 
lg70s dle~el engtn~, technology advane.~ hav~ 
reduced emissions of particulates by 95 percent 
and nitrogen oxides (NOx) by 70 percent (see 
Figure 4), Today's heavy-duty diesel engines 
emil just under 4 gllohp.hr of NOx and 0.10 gtbhp- 
hr of particulates (<0.05 g/bhp-hr tor transit 
bu~s). In addition, the Environmental Protection 
Agency (EPA) and major engine manufacturers 
have issued a =Statement of Pr{noiples" that 
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Figure 3. Deposition of Particulates into the Lungs 

requires, by2004, further reduction to 0.05 gJbhp.- 
hr particulates and 2.4 g/bhp-hr of NO× plus non- 
[nethane hydroGarbons (NMHC) or2.5 g/bhp-llr o[ 
NOx plus NMHC with a maximum of 0.5 g/bhp-hr 
of NMHC. 

in oonjunotion wilh industry partners, the DOE 
OffiP_.a of Heavy Vehicle Technologies i~ funding 
research and development of advanced low- 
emissions, SS percent efficient (LE-55) Diesel 
engine technologies to enable heavy-duty trucks 
to continue to operate efficiently and meet EPA 
emissions standards proposed for2004. Athree- 
pronged systems approach (Figure 5) that 
slmultaneoue~ ~ddresses fuel formulation, in- 
cylinder combustion control, and exhaust 

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

Research prog ross to date i ndioates :that ve nj tow 
diesel emissions are technically feasible and that 
the heavy-duty diesel is well on its way to being 
an environment=lly sound engine for ~ontinued 
economic growth. An approach using a 
combination of low-sulfur fuel, exhaust gas 
recirculation, and non-thermal plasma exhaust 
aftertreatment (see Figure 6) is able to lower NO:< 
to 0.4 g/bhp-hr and PM emissions to O.01 
g/bhp-hr. 

For pickup tru.cks, vans, and sport utility vehicles, 
cooperative agreements are in place to utllize the 

=, 

O 
z 

16 

14 

12 

10 

8 

6 

4 

2 

0 

%.% 

Particulates 

i 

l i ~ , . ,  . . . . . . . . .  2oo4(so~ 

. .  I . . . .  I . i !  . l ~  . , !  I . . . .  r . , . ~ l . , i  

:980 1990 20O0 

1.5 

E 1.0 

.-. 
0.5 ~ 

YEAR 
~ou=~.. C=tr~'~n=, rm:~fied W DOE 

Figure 4. Decreasing Diesel Emissians 

4 



,~f Na~ Z~'O Emissior~ (PM; N~x~, . . . . . . . .  

Fuel Quality 

Three-prongec~ ~ystem~epproaCh appears necessary to meet 
very . iOw" emissions witho~tt sacrificing engine efficiency 

Figure 5. Diesel  Emissions Control Strategy 

expertise ofthe U,S. diesel engine manufacturers 
to devolve heavy duty diesel technology' to these 
smaller truck classes. The question is not if very 
low levels of emi~ion~ can be achieved but 
rather, what i~ co~.ettective, and ultimately, what 
is the oc~t to the consumer. 

CONCLUSION 

The diesel engine hae already e~teblished itself 
as the engine-or-choice for the heavy-duty 
transport industry because of its fuel efficiency, 
durability, and reliability: It appears ~o be aviab[e 
near term solution for reducing lrsnsportation 
energy use and emissions of carbon dioxide, a 
greenhouse gas. However, many. groups are 

concerned about diesel engines and the 
likelihood of extensive uee of die~el~ in 
transportation. Also, there had been a move to 
classify diesel exhaust as a toxlo air c~ntaminant. 
Tl~ts maybe rather premature because there are 
studies and scientific evidence that indio~te that 
gasoline particulates (at the low mass 
concentrations that seem to favor the gasoline 
over the diesel engine) can po'~entialty 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 outto have negative 
environmontal, health, and s~fety impacts greater 
than those of the new clean diesel engines. 
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SMOKE AND TAMPERING INSPECTION PROGRAM 
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California Environmental Protection Agency - Air Resources Board 
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ABSTRACT 

Heavy-dutyvehicles account for app roximately 30 
percent of the oxicles ~f nltm0~.n (NOx) and 6.5 
percent of the particulate matter (PM) emissions 
from ~he entire California on-mad fleet, despite 
the fact that these vehicles ~omprise only 2 
p~rcent of the same. To meet legislative 
mandates to reduce excess smoke emissions 
from in-use hea'~-duty diesel-powered vehioles, 
the Air Flesourc, es Board (ARB or Board) ~dopted, 
in December 1997", amendments to the 
regulations governing the operation and 
enforcement of the Heavy-Duty Vehicle 
Inspection Program (HDVIP or the =roadside" 
program) and the Periodic Smo}(e Inspection 
Program (PSIP or the '~tleet" program). 

The in'rlial roadside program was adopted in 
November 1990 in response to Senate Bill ($B) 
1997 (s~t. 1988, oh. 1544, Presley), and enforced 
from 1991 to 1993. ttwas suspended in October 
1993, when the Boa~-d redirected staff to 
investigate reformulated fuels issues. The Board 
adopted the fleet program in December 1992, but 
until recently it had not been enlorced. 
Enforcement of these amended programs 
commenced in the Spring/Summer of 1998. 

Compared to having no heavy.duty vehicle 
inspection programs, the roadside end fleet 
programs with the amendment~ are expected to 
achieve the following emission reductions (in to ns 
per day) of reactive organic~ gases (R(3G), NOx 
and PM: 

ROG NO_.__~x PM-10 

1999 6.37 12.24 5.24 

2010 5.3 14.03 3.19 

Diesel fuel consurnpllon will be reduced by 
approximately 16.7 and 19.2 million gallons 
.annually in 1999 and 2010, respectively. This 
represents a savings over the 12-year period of 

approximately 250 million gallons of tuel or over 
$212 million (at current fuel price.~.) 

INTRODUCTION 

To meet legislative mandates to reduce exce.s~ 
smoke emissions from in-use heavy-duty diesel- 
poweredvehicles, theARB adopted, in December 
1997, amendments to the regulations governing 
the operation efthe HDVIP andthe PSIP. Both of 
these programs are enforceme~ programs 
designed to reduce excessive smoke emissions 
from real-maintained and tampered heavy-duty 
dieseFl~wered vehicles. These amendments 
modify existing program regulations, 

The initial NDV]P was enforced from November 
25, 1991 to October 15, 1993 when it was 
suspended and staff was redirected bythe Board 
to investigate reformulated fuels issues. Also in 
1993, the Califomla Legislature enacted a new 
statute, Assembly Bill (AB] 584 (Statutes ot 1993, 
Chapter 570, Cortesa), whioh directed the Board 
to make additional changes to the programs. The 
Board adopted the fleet program regulations on 
December 9, 1992. Due to ~he redirection or' the 
staff and program technical issues, enforcement 
of the fleet program was never implemented. 
Both programs were administered on a voluntary 
compliance basis from October 1993. 
Enforcement of the HDVIP was reinstated on 
June 1, 1998 and enforcement of the P$1P began 
on July 1, 1998. 

The regulatory amendments to the existing 
programs were desipned to ¢ornpiy fully with the 
mandates of AB 584 and AB 1460 (Statutes of 
1996, Chapter 292, Mordssey). Assembly Bill 584- 
requires that the smoke test procedures used 1or 
both the roadside and fleet programs produce 
consistentand repeatable resuits. PursuanttoAB 
584, |hcse r~quirements are met with the 
adoption ot the Society of Automotive Engineers 
(SAE) J1667 test procedure ' into the programs' 
regulalion~. Assembly Bill 584 also requires that 



the HDVIP's :.nspection procedures produce "no 
false failures'. Should false failures occur, they 
must be remedied without penalty to the vehicle 
owner. The amendments have provisions that 
meat these requirements. Assembly Bill 1,$60 
requires limited additional cllanges to the statute 
authorizing the HDVIP. The rno~t significant 
requirement under AB 14~0 is that =excessive 
smoke" must be defined in the regulations 
governing the HDVIP; a definition that ties 
excessive smoke emission8 to the regulations' 
opacity outpoints was proposed and adopted in 
December 1997. 

BACKGROUND 

Emissions from Heavj/-Outy.Vehicles 

Emissions from heavy-duty diesel trucks and 
buses are well known to seriously impact 
California's air quality. Heavy-dub/ vehicles 
account for approximately 30 percent of the NOx 
and 65 percent of the PM emissions from the 
entire California on-road fleet, even though these 
vehicles ccmpdse only approximately 2 percent 
o! that fleet. The NOx emissions, when combined 
with various hydrocarbon (HC) emission~ and 
sunlight, form ozone, commonlE referred to as 
'smog". Consequently, NOx, and to a lesser 
degree, HD exhaust emissions from heavy-duty 
trucks and buse~ significantly contr~ute to 
violations of the state and federal ambient air 
quality standards for ozone. Diesel exhaust 
particulate emissions consist of fine pariictes 
designated as PM-IO, most of which ~re 
designated as PM-2,6zo The NOx emissions also 
contribute to PM pollution by forming nitrates in 
the atmosphere. These particulate emissions 
contribute Io violations of the state and federal 
ambient air quality standards for particLzlate 
matter and contribute to reduced visibility. The 
HDVIP and P$IP are designed to reduce the 
excessive in-use emissions that result from 
improper vehicle maintenance practices and 
tampering. 

Ozone and particulate matter pollution are of 
great concern because of their adverse effects on 
human health. Ozone is a known respiratory 
irritant that harms lung tissue and reduces 
breathing capacity. Its effects are strongest in 
sensitive individuals such as "asthmatics, the 
elderly, and children. Based on recent 
epidemiological studies ~, particulate matter 
pollution has been .consistently related to 
premalure rnortalitJes.; According lo a recent 
Natural Resource Defense Council study 4, 
padiculate matter pollution causes between 8,600 
and 19,400 premature deaths in Oalito mia every 
year. in response to evidence relating ozone and 

particulate matter pollution to these and other 
health effects, the United States Environmental 
Protection Agency recently tightened both the 
federal ozone and particulate standards. 

Constituents o! diesel exhaust have been 
identified ~.s toxic air contaminants under the 

• ARB's-roxic Air Contaminant Program, and whole 
diesel exhaust is currently under review for 
identification. The International Agency tot 
Reeearch on Cancer hE  identified diesel exhaust 
as a probable human carcinogen 5. Diesel 
exhaust was identified in 1990 under California's 
Proposition 6~ as a chemical known to cause 
cancer. Also, excessive exhaust emissions 
(black smoke) from on-road heavy-dutyvehioles 
continue to be the number one target of public 
complaints regarding air pollution. 

History and Legal Basis for the HD VfP and PSIP 

In response to these environmental and public 
health impacts, SB 1997 was enacted in 1988 
directing the ARB to design and enforce an 

, effective in-use heavy.duty vehicle smoke 
enforcement program. The regulations governing 
this program, the HDVlP, were adopted by the 
ARB on NovemberS, 1990 and became operative 
on November 21, 1991. 

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 
intemationaP heavy-duty vehicles are tested 
statewide by ARB inspectors at California 
Highway Patrol (CHP) inspe~ion facilities and 
we)0h stations, and at random roadside locations. 
The owners of vehicles failing prescribed test 
proceduresZ are issuedcr(ationswhich require the 
prompt repair (within 45 days) ot the vehicle and 
carry civil penalties ranging from $300 to $1800 
per violation. Failure to clear citations can result 
in vehicles being removed from service by the 
CHP, at the request of the ARB (Health and 
Safety Code section 44011.6 (j) and Vehicle Code 
section 27159). Vehicle owners may appeal 
citations through the ARB's ~.dmini~trative 
Hearing Program e. 

In concert with 1he HDVIP, regulations for a 
companion enforcement program requiring 
California fleet owners to self-inspect their 
vehicles for excessive smoke emissions were 
adopted in 1992 in accordance with SB 2330 
(Statutes of 1990, Chapter 1453; Killea). This 
program, the PSIP, and the HDV!P usethe same 
smoke test procedure as required under their 
governing statutes and regulatiQns. With the 
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adoption of the PSIP, the Legislature's mandate 
to control excessiv~ smoke emission~ from 
heavy-duty diesel vehicles was enhanced. 

Under the PSIP, CaJifomia-I:.ased truck and bus 
~leet 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 
ate required t~ audit ~]eet maintenance and 
inspection r~oord~ and to~t a representative 
sample of vehicles. The PSIP includes fleet 
vehicles that would normally not be captured by 
the HDV[P roadside enforcement operations (i.e., 
lethal service and delivery vehicles). 

i 

The regulations governing the PSIP were 
originally scheduled to be.:;orne effective on 
January 1, 1995. Due to dell-rye in the completion 
of the SAE J1667 test procedure, these 
regulations were amended to postpone their 
effective date to January 1, 19~6. In a March 
1996 notice, the ARB staff advised fleet operator~ 
that the P~IP would be administered on a 
voluntary basis, pending adoption of the 9AE 
J1687 procedure into the program's governing 
regulations. 

Presently, several states have enforcement 
programs for in-use heavy-duty diesel vehicles. 
Arizona was ..1he first to Implement ~uch a 
program in 1970, and four other states have 
active programs in effect today. Other states 
have regulations in place but to date haYs not 
enforc~d their programs. California's HDVtP has 
been recognized as the n~fion's most 
comprehensive and effective enforcement 
program. The HDVIP proved very effective for 
~he two years (1991 - 1993) it was enforced. 
Dudrrg this time, the overefl program failure rate 
was reduced tree 34-percent to 21 percent, 
resulting in an eb~msted 38 percent reduction in 
the number of heavy-duty smoking trucks and 
buses operating in California. 

l.¢.~ues A~eoei~ted w#h the Programs and 
Compliance w~-th AB 584 

Altl~ough the HDVIP has been eff~-'tive in 
reducing emissions and the number of smoking 
heavy-duty vehicles, its %nap-c~oeler~tion" test 
(previously referred to as the %nap-idle" test) has 
been the fo~us of controversy ~. The Cal:fornla 
Trucking A~ociation (CTA) has argued that the 
test can be unreliable and ¢an fail %lean" trucks, 
This debate has been ongoing since the 
program's implementation in 1991= and has led to 
litigation four times. In all cases, the test has 
been upheld by the California courts, including 
two decisions from the Third District Court of 

Appeals that were left standing by tee California 
Supreme Court. 

To resolve this lingering controversy, in 1993, the 
Legislature ensued AB G84 that was sponsored 
bythe trucking industry. As discussed earlier, AB 
584 requires that the smoke test procedure used 
in the HDV]P must produce "c, onsistent and 
repeatz~blo" results. This requirement is satisfied 
wil,h the adoption of 1he SAE J166T smo}(e tes~ 
procedure into the HDVIP's and PSIP's governing 
regulations. The SAE J1667 test procedure was 
adopted by the SAE in February of t996. 
Subsequent to the SAE's adoption of the J1G67 
test procedure, the ARB staff, in consultation with 
the regulated industries, designed two studies to 
assess the effectiveness of the J1667 test 
procedure, and to determine me smoke opacity 
cutpoint¢ for inclusion in the regulations. 

These two studies, the Random Truck Opacity 
Survey (RTOS) and the Truck Repair Study 
(TRS) were conducted in ]ate 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 or" tl~e 
Cmlifornia heavy-dutyvehicle fleet's opacity. The 
TRS produced the post-repair opacity statistics 
upon which the cutpoint~ were based. (See 
Figure 1,) 

From 1992 through 1996, the ARB staff 
participated on the ~AE J1667 committee. This 
broad-b~scd committee was charged with 
developing a heavy-duty diesel engine smoketest 
procedure. This committee was comprised of 
truoking and bus industry representatives, 
smokemeter manufacturers, federat and state air 
quality regulators, heavy-duty dieset engine 
manufacturers and representatives from various 
universities al~d colleges, As stated above, this 
procedure was adopted unanimously by this 
committee in 1996. This process resolved most 
of the issues of controversy assooimted with the 
HDVIP and P$IP. 
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SUMMARY OF REGULATORY AMI=NDMENTS 

Statutory R~quirements 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 
result in no "false failures". Should false failures 
occur, they' must be remedied without penalty to 
the vehicle owner. These requirements are 
codified in Health and Safety Code section 
44011.6. 

The regulatory amendments were designed to 
comply fully with these manda.~es by adopting the 
SAE J1667 "est procedure, adding additional 
safeguards to minimize o~urrcn;¢s of fals~ 
failures and by retaining procedures ~at provide 
remedies for false failures, should they occur, 
without penalty to vehicle owners. AdditionaJly, a 
definition for "excessive smoke" was included to 
meet the requirements of AB 1460. 

Ftegulatory Amendments 

The following amendments were adopte;! by th~ 
Board in December 1997 to fulfill the 
requirements of AS 584 ~nd Ai3 1460, and to 
improve the regulations: 

(1) Designate the SAEJ1667 "Snap Acceleration 
Smoke Test Proced,Jre for Heavy-Duty Diesel 
Powered Vehicles," issued February "1996, as 
the test procedure for deten-nining smoke 
opacity under the HDVIP and PS~P. 

Maintain the existing snap-acceleration 
op&city standards of 55 p~rcent for pro-1991 
model year and 40 percent for 1991 and 
newer model year heavy-duty diesel-powered 
engines, without reference to the engines' 
federal peaksmokece~tification level These 
standards reflect data on maximum 
emissbns from vehicles in good operating 
condition ~nd set to manufacturers' 
specifications, gathered from the ARI3'sTruok 
Repair Study, These standards also include 
a significant safety margin to account for 
variability in smoke measurement. (On 
average, an SAE J1667-type smokemeter 
reads about 5 to 10 opacity points less for 
mechanical and electronic engines, 
respectively, as compared to a SAE J1243- 
type smokemeter.) 

(3) Establish a mechanism under which owners 
of pro-1991 model year hea~-duly diesel- 

powered engines that have roadside snap- 
acceleration opacity levels between S5 
percent and 70 percent are inRially issued 
Notice of Violation in lieu of a citation, if, 
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 be no penalty. If 
a demonstration 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 citation had 
been issued for the vehicle in the preceding 
12 months. Based on the initial experience 
with the NOV approach, the staff plans to 
report to the Board by the end ef 1999 with its 
recommendation on whether the approach 
should be sunsetted. 

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

Retain exemptions to allow for 
technologically less stringent standards for 
specific engine families based on data 
submitted bythe engine m~,nufocturem, and 
"grandfather-in" exemptions of engine 
families issued under the preexisting HDVIP 
regulations. 

(5) Require explicZtly that a demonstration of 
correction for s vehicle failing a roadside 
smoke test or visual inspection must include 
evidence that the vehicle has passed a post- 
repair test or inspection of the pertinent 
components. 

(6) Institute a new 15 month phase-in schedule 
for~he PS.IP, starting July 1, 1998. 

(7) Allow the SAE J1243-type smokemeter to be 
used in PSIP testing at facilities and fleets 
that ~r¢ not equipped with an SAE J1667 
type smokemeter, until July 1, 1999. 

(s) 

(9) 

Exempt the newest four model years of 
heavy-duty engines from the PSIP 
requirements under a four year =rolling 
exemption" process. Vehicles equipped with 
these engines would remaln subject to the 
roadside inspections under the HDVIP. 

Define "excessive smoke" in the regulations, 
as required by AB 1461), as smoke opacity in 
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Table 1 
Smoke Opacity Standards and ARB Actions 

Vehicles with Pro-1991 Model 
,Year Engines 

Opacity Standard 55% 
Post- 

Repair 
Test Opa~Ry ARB Action ~tandard 

[-ligherthan 7~'% . Issue Cit, at~'~n <55% 

B¢tween 55% and /ssue Notice of 
70%" Viofatzbn -.-55% 

"Applical#e only ~ f~rst violation in  a 12.mcwth p ~ o d  

Vehicles witt~ 1991 ~nd Newer 
,Mode! Year Enqines 

Opacity Standard 40% 

Test Opacity ARB Action 

Higher than 40% Issue Citation 

Po~t- 
Repair 

Standard 

<40% 

excess of the opacity standards set forth in I2} 
and (3) above and summarized in Table I above. 

(10) 

(11) 

Retain tl~9 administrative ~earing process 
to challenge citations. The staff plans to 
propose various amendments to the 
Administrative Hearing Program's 
regulations to be considered by the E]oard 
in the Spring of 1998. 

Make vadous other changes to generally 
improve the regulations and to make ~hem 
more clear and readable. 

(12) During the December 1997 hearing, the 
Board aclded language to the PSIP 
regulation that exempted from annual 
inspe~ion r~luirements those heavy-duty 
diesel-powered vehicles that are not part of 
a fleet or are exclusively for personal use. 
(These vehicles would still be subjectto the 
roadside HDVIP,) 

OUTREACH AND PUBUC RELATIONS 

In preparation for the reinstatement of the smoke 
inspection programs, the ARB conducted an 
extensive outreach program. This took the form 
of numerous presentations at truck and bus 
association meetings and fleet facilities, and pro- 
enforcement smoke lasting offered to fleets at no 
charge (and with no penalty.) During the period 
of October 1993 until the end of May 1998, the 
ARE visited over 1,000 fleets, 

As an additional outreach program, the ARB 
parlioipates in a parlnership with community 
colleges and the heavy-duty vehicle industry to 
offer low-cost training. This partnership, called 
the California Council on Diesel Education and 
Technology (CCDET), provides an in-depth 
understanding of the smoke inspection 
regulations and lralning on the correct 
administration of the 8AE J1667 smoke test 
procedure. 

ENVIRONMENTAL AND ECONOMIG IMPACT 
ANALYSES 

The evaluation 'of thd air quality impau--'t,~ of the 
amendments is based on a comparison of the 
HDWP and PSIP with the amended regulations to 
the initial HDVIP and PSIP regulatJons. In 
conducting an emis~ion¢ impact anolyeis, it was 
necessary to identify the "baseline" emissions, 
i.e., a starting point w~th which the initial and 
amended programs are compared. The baseline 
in this analysi~ consists of the emissions 
expected from heavy-duty trucks and buses in 
lgg8 prior to resumption of either the odg[nal or 
amended programs. These estimated baseline 
emissions reflect the residual impact of the lgg l -  
1993 HDVIP enfomement activities on the in-use 
emissions of heavy-duty .tracks and buses in 
California. 

The incremental environmental impacts in 1999 
for the initial programs compared to the amended 
programs are: -1.34 tpd, -2.4B l~d, and -1.06 
for the emissions of ROG. NOx, PM10, 
respectively. For the year 2010, the amended 
programs indicate that fewer benefits will be 
realized when compared incrementally to the 
original pmgramg. For 201D,the differences are: 
-1.92 tpd, -5.10 tpd, and -1.18 tpd for the 
emissions of ROE;, NOx, PM10, respective|y. 

With respect to smoking vehicles, the amended 
programs, when compared to the initial program 
will be less effective because some heavy-duty 
vehicles that marginally exceed the opacity 
standards under the preexisting procedures will 
not fall underlhe 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 of 29.0 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 
e~timated 96 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 
environmental benefits, when compared on an 
incremental basis to the initial programs, this is 
not ~o say that substantial reductions to the 
baseline will not occur due to theiradoption. The 
reasons for the reduced benefits are due, in poE, 
to the incorporation of t~qe AB 584 requirements 
and the proposed four-year rolling exemption 
under the PSIP. Overall, adoptk~n of the 
amended programs, will result in estimated 
reductions (in tons per d~y) to the baseline 
statewide as follows: 

RO.__G.G ~ Pr~-lO 
1999 5.37 12.24 5.24 
2010 5.30 14.03 3.19 

The HDVIP and PSIP will produce ~nef[ts by 
reducing the emissions of criteria ar.d toxic 
pollutants resulting rrorn the repairs performed to 
reduce e×ces~ive smoke emissions. Based on 
the estimated program costs and criteria pollutant 
emission reductions, the cost effectiveness of the 
benefits of the HDV]P and PSIP is estimated to 
be $1.12 per pound in 1999 and $1.05 per pound 
in 2010. These estimates compare favorably to 
alternative emission con~'ol programs which 
primarily t~rget criteria pollutants and typically 
cost between $2.50 and $5.00 per pound of 
emissions reduced. Additionally, diesel fuel 
consumption wilt be reduced by 0.69 and 0.66 
percent in 1999 and 2010 respectively. This is 
result of the repairs to th~ engines found to be out 
of compJiance undertheprogmms- This reduced 
fuel consumption equates to approximately 16.7 
and 19.2 million gallons e, nnually in 1999 and 
2010, respectively. Over this 12 year period, 
approximztelv 25.0 million gallons of diesel fuel 
will be saved or over $212 million based on 
~urrent die~ei fuel prices. 
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. The ~AE J1667 test procedure is entitled: 
"Snap Acceleration Smoke Test Procedure 
for Heavy Duty Diesel Powered Vehicles" 

2. PM-10 is particulate matter less than or 
equal to 10 microns in size, and PM-2.5 is 
particulate matter tess than or equal to 2.5 
microns in size. Studies show 1hat diesel 
exhaust is primarily PM-2.6. 
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• June 1994. 

. With the ~doption of the North American 
Free Trade Agreement, NAFTA, commercial 
trucks and buses will be permitted to operate 
beyond the 25 mile commercial zone in the 
states bordering Mexico resulting in 
increased truck and bus activity in California 
and the other border ~tate~. 

7 .  The test procedure consists of a 
"snap~cceler~tion" stationary vehicle test 
utilizing an electronic smokemeter and an 
engine and emissions controls system 
tampering inspection. 

8. The headng procedures are established in 
sections 60075.1 through 60075.47, title 17, 
California Code of Regulations, pumuant to 
Health and Safety Code section 44011.6(m). 

. In developing both the existing and 
• proposed HDVIP and PSIP regulations, the 
ARB worked within a statutodly required (SB 
1997 of 1988, AB 584 of 1983 and AB 1460 
of 1996) Ad-Hoc Advisory Committee that 
includes, among olhers, the Catifomia 
Trucking AssooialJon .and the Engine 
Manufacturers Association. 



THE CONTINUING EMISSION CHALLENGE 
FOR DIESEL ENGINES 

Paul Maehiele 
U.S. Environmental Protection Agency 

BACKGROUND AND PERSPECTIVE 

Diesel engines have been around for more than 
100 years. Emission controls for diesel ¢~gin¢s, 
however, have only been in existence for ~ small 
fraction ofthattJme. While EPA's first meaningful 
exhaust emission standards for passenger 
vehicles went into place in 1972, the f:,rst 
meaningful emission standards for heavy-duty 
diesel vehicles did not go into effect until 1988, 
just 10 yearn ago (see Figure t below). The first 
meaningful emission standards for non-r(md 
diesel engines did net go into effect until 1996 
and the first locomotive standards won't go into 
effect until 2000. 

Year of Tirst Meaningful EPA 
Standards 

• 19"/2 LDV 

• 1988 HDV 

• 1996 N~nrcad C| 
• 1997 SrnaJl SI 
• 199e Marine ,S! 

• 2000 LocomotN-e 

Figure 1 

Consequently, while ¢on¢ideraEle progress h~s 
been made in reducing emissions from diesel 
engines, in comparison to gasolins passenger 
vehicles, controls on diesel engines are virtually 
in their infmley. Th~ level of technology, and 
s~phisticati~n used on passenger vehicles for the 
purpose 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 that point. 

One oflhe reasons progress has besn slower on 
diesel engines has been the predomin~nee of 
passenger ~,ehicle emissions in the ernissbn 
inventories. Over time, however, as p~.~senger 
vehicle emissions have been controlled and 
diesel engine use has expanded, the picture has 
changed considerably. Mobile sources such as 

car~, trucks, and non-road equipment make up 
roughly half of the national oxides of nitrogen 
(NOx) emission inventory (see Figure 2 below). 
Of that, more than haft ~omcs irom die~l  
powered equipment Thus, more than one-fourth 
of all NO)< emissions in the U.S. come from diesel 
powered equipment. 

NOx Ezmssion Inventory 

Nn~i~rut l  M N ,  t" 

~!~taliczcml- 

M~h;I,it ~,-.,,~-. ~ny 

Figure 2 

Diesel PM Inventory 
• . -  ,m !~ ; ; , ~ ; . : ~ . . , . ~ ,~ - . ~ f : , ~ .  ~ 

N=-Itit~nal rl~,Qz~ I p M  

N,~nr~Rd 

t t~ l l ~  LacoeeE.* 
Ma~tr.! t~v~ 

D i e d  

Figure 3 

The story is similar for pa~culate 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 uncontrollable 
sources such as wind-blown dust.) Of that from 
diesel engines, the vast majority is actually due to 
non-road equipment which is still relatively 
uncontrolled compared to 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 
toreducelheir emissions. PM emissionsfrom on- 
highway diesel engines have been reduced by 
90% from uncontrolled levels. Whenthe recently 
finalized NOx standard goes into effect in 2004., 
NOx emissions Irom on-highway diesel engines 
will be red~ced nearly 85% below uncontrolIed 
levels? The technology being employed on 
today's diesel engines is ~onsidembly different 
than t.hat employed little more than-a decade ago, 
Not only has this advancement in technology 
resulted in dramatically reduced emissions, but it 
h~s also resulted invasttyimproved performance, 
fuel economy, and durability. 

The progress ma~e in on-highway is alsoworking 
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 finalized 
will ultimately achieve a 70% reduction in NO× 
emissions below uncontrolled levels, z The 
recently finalized standards for locomotive 
engines, while slight|y less aggressive, will 
nevertheless, result In roughly a 60% reduetlon In 
NOx and 50% reduction in PM emissions below 
uncontrolled levels. ~ !n orc~er to address the very 
slow turnover of the locomotive fleet, this rule also 
requires that all post 1972 IDcomotive engines be 
retrofit to reduced emission standards. This 
rather unique aspect of the rule will greatly reduce 
the contribution of locomotive engines to the 
emission inventory without the normal delay of 
wa'rting for the fleet to turnover. 

The net result of the many recent advancemenls 
in emission controls 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 relative level of control of 
diesel engines compared to passenger vehicles 
(see Figure 4), there is considerable opportunity 
remaining for further reductions. 

CURRENT EPA ACTIVITIES 

Accomplishing these further recuctions in 
emissions from diesel engines is the current focus 
Of much of the work of EPA's Office of Mobile 
Soumes, We are currently developing a 
ru]emafdng to reaffirm the feasibility of the 2004 
on-highway NO× standards and put in place 
onboard diagnostic requirements for heavy.duty 
vehicles not unlike those currently required for 
passenger vehicles.. In addition we recent!y 
published a~ Advance Notice of Proposed 
Ruiemaking (ANPRM) to address marine diesel 
engines. 4 Contemplate.d in ~e  ANPRM is the 
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carrying over of the Tier 2 and Tier 3 standard~ 
for land-based non-road engines to madne 
engines of similar size, and the carrying over of 
the locomotive standards for marine engines of 
similar size. Carrying over the technology from 
land-based applications will greatly enhance the 
emission performance of what is as of yet an 
uncontrolled emission source. 

:Emissions P,.ed~ction Potcnti~I 

!. 
LDV HDV F l : n ~ d  Loco 

¢! 

Figure 4 

Athird activitywhich is just underway is the 2001 
technology review to reafllrm 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 lina| rule conlains PM standards, but only as 
me~¢ured using a steady-state teal procedure. It 
is EPA's belief that in order to effectively" control 
PM emissions in-use a transient test procedure 
wilt have Io be put in place for non-road engines. 
Thelead-time associated with the development of 
a transient test procedure, followed by the 
assessment of the feasibility of emission 
standards on that test procedure is what is 
prompting the nee~ to begin work this year. 

Finally, while not technically a diesel engine, but 
rather fueled with similar fuel, EPA 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 airport ground servrce equipment. 

THE CHALLENGESAHEAD 

In addition to the activities currently underway, 
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 to better address in-use emissions 
from diesel engines. High in-use NOx emissions 
from heavy-duty diesel engine.s are a major 



concern. For some types of operation NOx 
emissions have been found on a wide varlety of 
engines to be considerab:y higher than the 
standard. To resolve this issue the Agency has 
been in discussions with the heavy-duty diesel 
eagine 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 this issue has come up first in regard to on- 
highway diesel engi nee, it is the Agenoy's intent to 
adopt similar assurances of in-use emission 
control for non-mad diesel 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 couole 
years in thu 1999 teuhnolog7 review rulen=aking 
for on highway engines, the marine d i~e l  
rulemaking, and either the 2001 technology 
review rulemaking or a separate rulemak!ng 
a~ion for non-road engines. 

EPA fully anticipates that emission control 
technologie~ that have been in research and 
development in anticipation of the future emission 
.~land~rds, or that are only used in limited 
applications today will begin to see much wider 
use as a result of these requirements. Such 
technologies include electronically ;ontrol!ed 
exhaust gas recirculation, hydraulically actuated 
electronic unit injection, common rail and similar 
fuel injection s~,stems, careless engines, variable 
geometryturbo~harging, Miller cycle concepts, as 
well as potentially the use of lean NOx catalysts. 
Clearly the diesel engine is entering yet another 
phase in its evolution from the basic engines 
produced for much of its 100 year history. 

The second major ie~ue facing die~el engines will 
be further PM controls. The heightened concern 
over fine PM emissions and diesel PM emissions 
in particular (refer to other papers published in 
these proceedings) is o~using a renewed focus to 
be put on controlling PM emissions further from 
diesel engines. 

Considerable progress, has been made on 
controlling PM from heavy-cuty diesel vehicles, 
but the same cannot be said for non-road die~ei 
engines. While PM standards have been put into 
place, as discussed earlier, EPA is convinced that 
to get meaningful in-use control of PM emissions 
from diesel encines we wilf have to put in place a 
transient emissions test for non-mad engines 
which is more typi;a] of how the engines are 
actually operated in-use. Consequently, we are 
currently evatuatingthe in-use operation of*.ypi3al 
non-road equipment in preparation for developing 
~L new test cycle. This new test cycle will then 

serve as lhe basis for new PM standards for non- 
road engines In Tter 3. 

While considerable progress has been made in 
controlling PM emissions from heavy-duty diesel 
vehicles, the renewed locus on the health e/1ects 
of diesel PM is also causing us to look again at 
what ~an be done to further control PM emissions 
from heavy-duty'diesel vehicles. The feasibil~ty of 
aftertreatment technologies to allow for more 
stringent PM standards either directly or indirectly 
via NOx a~tertreatment 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 can tailpipe emis~ion~ go 
with the various aitertreatmentteohnoiogies under 
development, will these technologies require the 
ran lOyal Of sulfur irom diesel luel, arid if so, how 
low witl sulfur need to go? tl no a~ion i~ taken 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 po,~-t-2004 
time frame. 

The third major issue facing diesel e~gines is 
their ability to penetrate into 1he light-duty vehicle 
(LDV) and especially light-duty truck (LD'r) 
market. Many of the automobile manufacturers 
have been working with engine manufacturers to 
develop dieseI engines for their light-duty' truck 
and especially sport utility vehicIe (SUV) market. 
Aside from the potential performance benefits 
provided bythe diesel engine, the manufacturers 
are primarily driven by the need to improve their 
corporate average fuel economy (GAFf). If they 
can raise the fuel economy of their 8UVs and 
large LD]s  bytransitioningto diesel engines, they 
can avoid less economically favorable means of 
meeting their CAFI~ requirements. 

While the auto man~aclurer8 are looking to tight- 
duty diesel engines as a more lucrative means of 
meeting the current GAFE~ requirements, others 
am looking to diesel englnes as a means of 
getting fuel economy benefits beyond the current 
CAF~ requirements. Mobile soume~ are a major 
contributor to greenhouse gas emissions, 
particularly carbon dioxide emissions, which in 
turnis directly proportional to fuel economy. As 
fuel economy 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 to reduce greenhouse gas emissions. 
However, by improving fuel economy through a 
transilJon to the use of diesel fuel, the carbon 
dioxide benefit is much reduced. Due to the 
higher carbon density per gallon of diesel fuel, 
there is a greater emission rate of CO2 per gallon 
of fuel consumed compared to gasoline. This 
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offsets much of the benefit of the improved fuel 
economy. 

At the same time that there is a focus on 
transitioning to diesel engines for fuel economy 
gains, EPA is deveI~ping Tier 2 emission 
standards for light-du~ vehicles and light-duty 
trucks. SinGe there are few diesel engines in this 
market, the vast majority of the regulatory effort 
has tocused on developing emission standards 
for gasoline passengorwhiolos ~nd truo~:s. With 
the recent advan¢ements in aftertreatment 
technology' and electronic engine, controls, 
gasoline passenger vehicles have been able tO 
demonstrate extremely low emission level~. 
Elevated sulfur levels in!he gasoline degraEethis 
emission performance to some extent and, ~hus, 
EPA is also evaluating the need for gasoline 
sulfur control in the context of the Tier 2 light-duty 
vehi¢le rulemaking. 5 

Tt~ere are two aspects of the Tier 2 rulemaking 
that are of elgnifioant import to diesel engines 
being used, or under development for use in the 
light-duty vehicle and truck market. First, is 
EPA's desire notre distlr~guish between light-duty 
trucks and light-duty v~hieles with respect to the 
emission standards. The growth of the light-duty 
truck market in recent years has developed to the 
point where the major;ty of trucks on the road 
today are being driven as passenger vehicles, not 
as trucks. As the market has changed, EPA 
needs to adjust how it sets its emission 
standards. Thus, attaining the Tier 2 emission 
~andards could represent a considerable 
challenge forlight-dutytruoks, w.hi~h is!he portion 
of the light-duty markatwhere diesel engines are 
primarily targeted. 

The second issue ot import from the Tier 2 rule is 
EPA~s desire if at all possible to maintain fuel 
neutrality in the rule. In otherwords, EPA has an 
objective of setting the same emission standards 
regardless ot the fuel type used by the vehicle. 
While this approach is not universal in all of 
EPA's programs, th~ f~ct that diesel engine are 
virtually nonexistent in the light-duty vehicle and 
truck market at present argues that should they 
enterthe market every attempt should be made to 
make them at least as clean as the gasoline 
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 light-duty vehicle ~nd truck 
market in the future. Based on EPA's currenf: 
understanding o! the state of diesel engine 
technology, fudher advancements would be 
necessary re- them to be able to attain the same 
level of emission performance ~ts their gasoline 
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counterparts. This is true at {he default Tier 2 
standards specified in tile Clean Air Act. let alone 
at the more stringent California-type standards 
being considered. It is likely that aftertreatment 
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 
after!re,truant once again calls into question the 
need for low sulfur diesel fuel. 

CONCLUSION 

Diesel engines have developed well beyond the 
engines that dominated the market even just a 
couple de0ades ago. In part in response to the 
emission constraints placed on the engines by 
EPA and others, diesel engine technology is 
continuing to evolve at a rather rapid pace. This 
evolution will have to continue into the future if we 
are to offset market growth and attain!he Nation's 
air quality goals. 

The engines that dominate the market a decade 
tram now will be considerably different from the 
engines o~ 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. Hoist, Ph.D. 
Strategic Environmental Research and Development Program (DoD) 

The Strategic Environmental Research and 
Development Program (SERDP) was established 
by law in 1991 t~ address enyiro.lmcntal matters 
of c~ncem to the Departrnentof Defense and the 
Department ot Energy. It is a Department ot 
Defense Program planned, managed, and 
executed in full partnership with the Department 
of Energy and the Environmental Protection 
Agency with participation by numerous other 
Federal and non-Federal organizations. 

SERDP's Pollution Prevention and Compliance 
Pillars address engine emissions problems along 
with other environmental pollution reduction and 
elimination issues. The extent of the problem 
within the DoD is that there are over 700 gas 
turbines in Navy ships, numerous jet engine 
aircraft, over 2700 diesel engines in Navy ships, 
and other and vadous power soumes at DoD 
installations including flight line mobile power 
carts, bare basepower generators, and jet engine 
test ~ells (JETC). DoD install~tion~ and weapon~ 
platforms, like any other large industrial plant, 
must comply wilh the Clean Air Act Amendments 
of 1990 - Title I!1 promulgation of NESHAPS, a'id 
the NAAQS for ozone and NOx, and soon to be 
promulgated PM2.5 rule. Without oomp!ian~ 
DoD installations can and are facing fines for n<~n- 
compliance up lo $25,00G/day. Several SERDP 
projects are directly addre~ing fhe NOx and 
particulate emissions from diesel engines and jet 
engines. 

The primary pollution prevention project that is 
addressing NOx and iuel efficien~ in jet engines 
is thai being performed stthe Air Force Research 
Laborato~-Wright-Patterson AFB. A pilot scale 
trapped vortex (TV) combuster is beilg 
developed to reduce emissions from military 
aimraft and land and marine based electrical 
power generation gas turbine engines. Its goals 
are to reduce NO× by 60% and increase fuel 
efficiency by 3% while ol:.taining a ten-fold 
reduction in lean blow out. Other benefits are 
reduced weight and length of the engine while 
increasing the thrust. 

Some ot the compliance projects include the 
Steady-State/Non b-'teady-State 8oun;e NOx 
Emission Control Technology workthat has been 
done through the Air Force at Tyndall AFB to 
address 1he problem ol jet engine test ceils 
(JETC) as a stationary source.of NOx and other 
air pollutants. A series of NO× emission control 
devices were built based on reg~nerabte 
adsorbeni DecLs. The 10eneiits include a greater 
than 90% NOx removal and a potential cost 
avoidance of over $300M/year. A project being 
conducted at Lawrence Uvermore National 
Laboratory and Cummins Engine Company is 
addressing NO× through the use of a plasma 
assisted catalytic controE device. This work is 
based on the use of a combination of plasma 
reactor and selective cataly~Jc reduction (SCR) 
catalyst to reduce NOx from mobile diesel 
engines to meet increasingly stringent 
environmental standards. An R&D 100 Award 
winning project was done by the Air Force 
Research Laboratory - Armstrong and the U.S. 
Army Construction Engineering Laboratory to 
explore the possibiUties of reducing NOx, SOx 
and soot (PM2.5) in diesel powered mobile power 
c.arts for ilight lines and other uses. This was 
attained through the use of a collection system to 
reduce NO× emissions to below air district 
requirements. 

'Volatile Organic Carbon (VOO) emissions are as 
much a problem at DoD installations as NOx and 
other yehicle emissions. A ~ERDP project on 
Development of Non-Thermal Plasma Reactor 
-rechnologyfor Control of Atmospheric Emissions 
is being performed by the Los Names National 
Laboratory and the Army Research Laboratory. 
The objective of this work is to allow compilance 
with air emission regulations for oxides of 
nitrogen and hazardousairpollutants (HAPS) and 
with VOC emission abatement needs at depots 
and logistic centers through the use of a coaxial 
double-dielectric barrier non-thermal plasma 
(NTP) reactor. The approach includes toe 
modeling of the reactor flow field - single and 
multiple discharges, along with the chemical 
kinetics mechanisms [expanded from 9 species to 
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over 26 species tested including oxides of 
nitrogen, hydrocarbons and additional radicals 
such ae aldehydes], 

Characterization of particulate emissions has 
become of increasing interest with the impending 
2.5 micron partioulatB matter air emissions 
regulation. The problem is that particles of 
unknown sizes and species are emit-led by diesel 
and jet engir, es. SERDP is sponsoring a p ro j~  
ai the Univemity of Utah to dovolop on innovaIive 
sampling and analytical techniciues for DoD 
emissions s o u r c e s  that is an integration of two 
sampling methods: Aerosol Time of Flight Mass 
Spectrometer {ATOFMS) ~nd PhotoalQ~fio 
Detector (PED). Through this dual system, air 
emissions will be characterized in reai-lJrne by 
size and chemical specie simultaneously. 

SERDP will continue to provide technology 
development guidance and suppod in order to 
address the highesl priority ervironmental 
concerns that may affo~ the trai~ing, readines¢ 
and capability oi the U.~. military Services. 
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AN OVERVIEW OF PARTICULATE CONTROL FOR 
DIESEL-POWERED NAVY VESSELS 

Bill Remley end Laurie Eta¢cani 
John J. McMullen Associates 

Michael Osborne 
Naval Sea Systems Command 

ABSTRACT 

The impact on health of particulate matter (PM) 
(especially trom diesel exl~aust) in the air is an 
area of increasing concern. As a result, the U.S. 
Environmental Protection A~cency (EPA) and the 
California Air Resources Board (CARB) have 
tightened particulate air quality standarCs. In 
response to th~ growing health conoerna and the 
tightening of particulate air quali~ standards, ,.he 
Navy is interested in reducing the amount of 
particulate emitted lmm Its shipboard diesels. 
This paper presents the results of a survey of 
particulate control technology for heavy-duty 
onroad diesel engines and identifies potentially 
economical systems or pieces of hardware for 
controlling emissions of shfpboard diesel eng:ne 
particulate from Navy vessels. 

INTRODUCTION 

The diesel engine community (including engine 
manufacturers, operators, researchers, 
aitermarket companies, and regulators) ~ is 
particularly interested in the growing concern 
about the effect of pa~culate matter (PM) in the 
air on health. California Air Resources Board 
(CARE]) is currently evaluating diesel exhaust as 
a candidate Toxic/Ur Contaminant (TAC), and 
like the U.S. Environmental Proteclion Agency 
(EPA), is tightening particulate air quality 
standards. As part of the diesel engine 
community and because of its policy or trying to 
comply with all enviror:~mental regulations, the 
Navy is interested in reducing the amount of 
particulates emitted from its shipboard diesels 
(even though many= are exemp~ under National 
Security exemption ). To better understand the 

The issue of PM emissions from madne vessels has 
net yet been dealt with at the international level 

2 ~]ection 89.908 (a) (1) of ,40 CFR Part 89, =National 
Security Exemption', stat~s that; Any nonroad enghe, 
otherw~.se subject to this part, which is used in a vehicle 
that exhibits substantiaI features ordinarily ~socia;ed 
with military combat such as am'~r and/or permanently 

viable options, we investigated systems for 
controlling diesel engine pa~culates in hopes ot 
identifying economical, reliable, and effective 
systems/or shipboard applications. This paper 

first Dresents an overview of the health 
implications of diesel particulates and a 
discussion of some emerging regulatory 
requirements, l 'he subsequent section8 identify 
potential Navy sources and available 
technologies identified through the survey along 
with an assessment of tl~eir suitability for 
shipboard applications. 

HEALTH IMPACT 

A number of studies have shown the general 
conaensus within the diesel engine community to 
bethat small airborne, respirable particulates do, 
in general, affect human health. Those at higher 
risk (children, elder adults, asthmatics, etc.) suffer 
morn, but some studies show that everyone can 
be affected [2]. 

In the past, health concerns focused on oxides of 
nitrogen (NO~) and volatile organic compounds 
(VOC). but now particulates are also being 
investigated. A large body of evidence shows 
that ground.level ozone, which ie formed from the 
photochemical reactions of NO w 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 particles deposited deep in 
the lungs, resulting in increased respiratory 
symptoms and disease, deareased lung function, 
alterations in lung tissue and respiratory tract 
defense mechanisms, inoreased hospital 
admissions, and premature death. Other 
environmental effects of NO~ include secondary 

affixed w~aponry and which will bc owned eJlcYor u.scd 
by ~n agency of the federal government with 
responsibility for national defense, will be considered 
exempt from these ~egulalions for purposes <~f national 
~ecurity, No request for exempfJon is necessa~. [1] 
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formation ot PM (nitrates), acid deposition, and 
overgrowth ot algae in coastal estuaries. 

GARB is currently evaluating diesel exhaust as a 
candidate TAG under California's air toxios 
identification program, The reports prepared by 
GARB are quite exhaustive and indicate that 
diesel meets the definition of a TAG: a substance 
that "may' cause or contribute to an increase in 
morl~lity and serious illness, or wlliCh may pose 
a present or potential h ~ 1 d  1o human health," [g] 
In ~ts r~port GARB coul;t not, however, identify a 
threshold below which no significant health 
effects are anticipated. The component of diesel 
exhaust rags1 cited in the reports was particulates, 
but until more research is done to identify the 
cause of toxicity in diesel exhaust, the 
identification of Whole diesel e)(haust Is more 
appropriate to uncover ell the to:~ic component¢ 
present in diesel exhaust. 

EPA AND GARB PM STANDARDS FOR 
NONROAD DIESEL ENGINE~ 

The EPA estimates that, for 19g~, nonroad diesel 
engines represented about 27 percent of mobile 
source NOx ancL 13 percent of total NO x 
emissions. The agency/estimates that nonmad 
diesel engines currently contribute about440,000 
tons, or 4B percent, of PM directly emitted from 
mobile sources and 16 pement of total 
controllable PM emissions. EPA estimates also 
show that nonroad diesel engines currently 
Gontribute about 130,000 tons of PM in the form 
of s e e o n d ~  nitrate particles, based on the 
estimated 3.1 million tons of NOx emitted bythese 
engines [4]. 

CARB estimates that the biggest contributors to 
d i~¢ l  exhaust emissions in California are mobile 
sources. Onroad sources in California contribute 
about 59 percent (21,420 tons peryear); nonroad 
sources, which include ships and boats, 
contribute about 96 peroen! (18,D90 tons); and 
stationary sources contribute about 5 percent 
(1,760 tons) [4]. 

In lg96, EPA, GARB, and the engine 
manufacturers Caterpillar, Cummins, Deers, 
Detroit Diesel  Isuzu, Komat~u, Kybota, 
MItsubishi, Navistar, New Holland, Wis-Con, and 
Yar~msr signed a S~atement ~f Principles (SOP) 
pertalnihg to nonrcad' diesel engine emissions. 
The EPA issued an Advanced Notice of Proposed 
Ftulemaking (ANPRM) in September 1997 that 
reflected the provisions of the SOP. These 
proposed standards, apply to mobile nonroa¢l 
diesel engines of all si~-eg used in construclion, 
agriculture.i, and industrial equipment, ~nd some 
marine applications. Locomotives, mining 

20 

equipment, and marine diesel engines over 37 
I~ilowatts (kW') (50 Ilorsepower (hp)) were 
exempted. 

A th ree-tie red prog r~ssio n for emission standards 
(Table 1} was proposed and applies as follows: 

Tier 1 - Set in 1994 for engines over 50 hp; 
being phased in from 1998 to 2000 (Table 2); 
proposed for unregulated engines under 50 
hP; to be phased in from 1999 to 2000. 

° Tier 2 - all engine siTesto be phased in from 
2001 tO 2008° 

• Tier 3 - more strinqent rules will apply from 
2006 to 2008 

Tables 2 and ~ show the" current EPA and GARB 
standards for PM emissions for nonroad diesels. 

EPA PROPOSED PM STANDARDS FOR 
MARINE DIESEL ENGINES 

In March 1998, the EPA published an ANPRM for 
New Compression Ignition (Of) Marine Engines at 
or Above 97 Kilowatt~ [5]. Marine dieeel engine8 
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 
instatled on vessets registered or flagged in the 
United States. 

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

, Category 1 - Engines similar to land-based 
nonroad diesel engines 

• Category 2 - Engines similar to loaomolive 
diesel engine~ 

. Category 3 - Low-speed, high-horsepower 
diesel engines 



Table 1. EPA-Proposed Norzrc~d Diesel Engine PM Emission Standards, gJkW-hr (g/bhphr)* 

kW < 8(hp < 11) 1 
2 

~::i "! ' :  i :~ : ; ' ; " : ; ' ~ : ' ~ = :  , :  ; : : ' i "  

2ooo ~.o (0.75) 
2005 o.8o (o.so) 
2000 ~ 0.80 (0.60) 

8 ~ kW" < 19(11 < Ilp < 25) 2 2005 0,80 (0,60) 

19 < kW < 37(25 ~ hp < 50) 2 2004 0.60 (0.45} 

37 -- kW < 75(50 -- hp < 100) 2 2004 0.40 (0.30} 
= = 3 2008 - 

2 2003 0.30 (0.22) 
75 ~ kW < 130(100 < hp < 1753 3 2007 - 

130 ~ kW < 225(175 < hp < 300) 0.20 (0.15) 2 
3 

2 

2003 
2006 
2001 
2006 

o,2o (o.15) 225 s kW < 450(300 s hp < 600) 8 

450 < kW < 560(600 ~ hp < 750) 2 2002 " 0.20 (0.15) 
3 2006 - 

s o(h  .-  soi . . . . . .  _ 2 0.20 
*grams per kilowatt-hour (grams per brake horsepower-hour) 

Table 2. currem EPA PM emlss=on ,'Standards for Heavy-Duty Nonroad Diesel Engines 
(g/bhp-hr) 

1996 0.40 175 - 750 hp 
. . . .  , - - . .  . _  _ _  

1997 * t00 - 175 hp 

1998 * 
, , , , ,  , . . . . . .  , , ,  

2000 0.40 
• "t'hese engines oe, ly h~v<~ to meet =z NO x ~t~nd~xd. 

50 - 100 hp 

"' .>750 hp 

Table 3. GARB PM Stanl 

1996 
1997 

1998 

2000 

lards for t leaw-Duly Nonroad Diesel Engines (g/bhp-hr) 

..... 0.40 . . . . . . .  175-  750 hp 

0.zlO 

100 - 175 lip 

50 - 100 hp 

>750 hp 
"These engine~ only have to meet a NOx standardo 

The proposed emission limits for the Categor/1 
engines are the same as the Tier 2 and 3 limits 
proposed for the nenroad engines shown in 
Table 1. S~nce the greater than 560 hp engines 
wili not be regulated until 2006, EPA is 
considering ~n Interim stan~ar~ u~ing 1he 
International Maritime Organization (IMO) rules or 
"l-Mr 1 limits to be effective in 2000. 

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

For Category 3 engines, the IMO NOxcode would 
apply, The effective date would be based on date 
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i !  

~<~; ::;~#i:l:>',:'.,i~:!:: :~:.~',:~ " (:~.~,':'~k~ 

Tier 0 

Tier 1 

Tier 2 
i, H , 

Table 4. Locomotive Standards I 
~,:~ . . . . . . . .  ~ . .  ~ 

~;~-~i'~.:-~i~i~t,7~:~:~!iT~'.~..'..~:~,.'.'..~,~k?~.':~ ! ~ . ~  . . . .  : : ~  ~ii<~!k -, 

1.3 

.... 0 ; 7 .  

Note: 

, 0.4 

line-Haul 0nly) 

62  

2.9 

2.0 
. .  , , ,  

. m . .  

:.'::~ ~?.,~ ><:,'.'! U;!:: ~ ~:~:~: :i ~: ~::k'.:'.. ~"~ ~'~ ~ 

12.7 
. ,,.,, . ,, 

9.9 
, , . , . , , , , , , ,  

o. o 

0 . s  - 

0,27 

Tier 0 = Locomotive engine~ and locomotives originally manufactured 1973-2001. 
Two-year phase begins in 2000. Emission limits will apply at time of rem~nufacture. 
Tier 1 -. Locomotive engine~ and locomotives originally manufactured 2002-2004 and at time of 
remanulacture. 
Tier 2 = Locomotive engine~ and locomotives originally manufactured 2005 and later and at 
l ime of reroanufacture. 

of engine manufacture or ship uorl=struotion but in 
either case would be J~nuary 1, 2000. Tabl~ 5 
compares the IMO emission limits with l~e 1994 
EPA Tier I limits, 

The EPA is not proposing any new smol<e limits 
for marine diesel engines, This is not to say that 
marine diesel engine manufacturers will not have 
to worry about ~moke since a number of states 
have local ~moke ordin~rm.es on the books for 
ships in harbor environments. 

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

EPA is considering applying remanufactudng 
(rebuild) requirements to Categary 2 and 3 
engines bscauge of theslow rate of fleet turnover. 
This slow turnover prevents the significant 
reduction o~ emissions from these categories of 
engines until well into the future. 

AMBIENT AIR.PM STANDARDS 

The EPA is proposing the following (duty) lest 
cycles for certification of marine.diesel engines: 

Category 1 - ISO E3 (propulsion 
engines) and E5 (recreational boating 
engines). EPA is considering proposing 
the requiremenl of the E3 cycle for all 
Category I engines. 

Category 2 -  Use ISO or category ! 
cycles. 

Category 3 - Use IMO E2 and E3 cycles. 

Auxiliary e n g i n e s -  All eategori~, use 
ISO D-2. 

On 16 July 1997, the U.S. EPA issued final air 
quality st~ndgrd~ for PM and ozone under the 
National Ambient Air Quality Standards (NAAQS), 
These are not equipment standards, but rather 
the standards for sampling ~mbient air where 
particulates are found from multiple sources. 
EPA will condu~t a 3-year roonitodng program of 
mostly urban areas. The data gathered over this 
period will be analyzed and the areas classified 
as attainmenl or nonattain~ent. For an area 
identified as nonattainroent, the air samples will 
be analyzed ~.nd the affected states will propose 
an implementation program (plan) of how to 
comply with the EPA's ambient air standards lor 
PM. The samples are taken to see if they meet 
air quality standards and are not intended to test 
the performance of a piece of equipment. 

To ease the certification burden, EPA Is 
considering crossover testing and allowing the 

The current standards for PM measuring 10 
microns or less in diameter (PM~0) are: 

~-; ~. k:~'.- ~ ,~ :~.~" ~ :i~ik;,, ~ -  ..'. :-:~: 

EPA 
(Nonroad 

" n o r t )  

IMO 

Table 5. Comparison of EPA and IMO Emission Limits 

All 

n <130 rpm 
130 rpm ~ n <2000 rpm 

.n~..2ooo rpm 

: ~ , : ~ - . . : : . ~ ; = ~ , ? .  :~.-. ;: ~,',.,.: :,~,;.' :.~.~:,..,~<::,~.. ~ "-:;~' 

i 
1.3 l l  .4 

None ...... No'no 
None .... None 
N..one i No.n_e 

,,,~. . . . .  ~ ~ .  :~;~:~ .... ,) ..... 

9.2 

17.0 
4~*n (-o.2) 

0,54 

None 
None 

9.8 None 
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Annual - 50 microgr.~ms per cubic meter 
(~g/m s) (annual artthmetic mean) 

24-Hour - 150 /~g/m ~ (allowed to be 
exceeded once per year) 

The EPA is revising these PM standards by 
adding the following new annual and 2C-hour 
standards for PM that measures 2.5 microns or 
le~s In diameter (PM~.~): 

• Annual - 15 #g/m 3 (annual arithmetic mean) 

• 24~-hour - 65 /zg/rn ~ (revised upward from 
originally proposed 50/~g/rtP) 

NAVY SHIPBOARD DIESELS 

Table 6 shows the popula~on¢ of the various 
diesel engines used by 1he 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 Ships or small harbor c,r~ft other than 
those listed such as training patrol craft (YP), 
large harbor tugs (YTB), etc. The small boat (SB) 
engines listed ~re for the boats carried by the 
ships. Another 1800 engines are estimated to be 
on the Navy's small boats and craft. "rhe 
estimated particulates from Navy ship, boat, and 
craft engines w~ddwide for lgg7 was 4,158 tons. 

As the lable shows, the Navy has a considerable 
number of shipboard diesel engines used in a 
variety of appllcations from propeIlin0 ships to 
powering tire pumps. Needy every shipboard 
Navy diesel engine is a candidate for PM 
reduation. 

When it corne9 to protecting.human health, the 
greatest benefit would probably come from 
reducing the particulales emitteci in or nearhighly 
populated areas from engines that operate at the 
dock (such as ship service diesel ger.erator 
(SSDG) sets) or in harbors and waters close to 
shore {such as auxiliary vessels of the Y'I'B type, 
etc.). 

The candidate engines would be shipboard SSDG 
or emergency diesel generator (EDG) sets that 
operate while the ship is atth~ dockand the main 
propulsion and generator sets on the smaller 
(auxiliary) ships (YTBs, YPs, etc.) that operate in 
harbors and along the coasL Because cf their 
low usage and the asso~iated high cost of 
installing PM reduction equipment, shipboard SB 
engines and emergency diesel engines ere not 
considered viable candidates for particulate 
reduction control. 

Table 6 also shows the horsepower range of the 
Navy shipboard engines. Since tile amount of 
particulate~ that an engine emits is directly 
proportional to its horsepower, larger-horsepower 
engines fitted with particulate reduction devices 
will show a greater reduction than smaller- 
horsepower engines, assuming they are in similar 
service and operate for approximately the same 
amount ~f time. When engine populations are 
factored Into the equation, however, the greater 
PM reduction mayoome from smaller-horsepower 
engines if their population is quite large, 

DIESEL ENGINE PARTICULATE EMISSIONS 

Particulates are mainly soot, soluble organic 
fractions (SOl=), and oxides. Soluble organic 
fractions are basically unburned HC (UHC) from 
both fuel and, to a lesser degree, lubricating oils. 
Soot, the main component, is e carbonaceous 
materialthat ¢omesfrom incomplete combustion. 
Oxides such as sulfate (SO4), water or DI/'BI 
hydrogen monoxide (HzO), nitrogen trioxide 
(NO3), and phosphate (PO,~ come from the 
combustion of fuel and lubricating oil with SO4 
from sulfur in the fuel [6]. 

Given the vadous components comprising PM, a 
number of methods can be used to reduce 
padiculate emissions. Improved/uel combustion 
and decreased lube oil consumption ere engine 
modifications thatwilt help reduce PM. Reducing 
the amount of sulfur in the fuel reduces the S04 
produced and hence the particulates (see the 
following discussion on the effect of 804 on 
particulate emissions). Flowthrough oxidation 
catalysts for HC and CO effectively reduce the 
SOF in PM. Sooi reduction and the highest 
particulate reduction overall are accomplished by 
soot filters or tr~ps that c=atch the soot particulates 
in a ceramic matrix or other fine tittering setup. 

Table 7 compares the actual particulate exhaust 
emissions of eight Navy diesels with the proposed 
EPA nonroad particulate standards. Since these 
are existing marine engines, they are net required 
to meet the proposed standers. Note, however, 
that some of the engines are c lo~ to being in 
compliance with and some are well within the 
limits of the proposed standards. 

The sulfur content of the fuel has a big impact on 
the particulate level. In general, the lower the 
sulfur contentthe Iowertheparticulates. The U.S. 
Navy typically burns madne diesel Fuel, which has 
a fuel sulfur limit of 1 percent by weight, but a 
study of Navy fuelings shows that the Navy 
lypically buy 0.5 percent or less. 



Table 6. Fleet Diesel Engine Population Summary - Manufacturers (t(~f97} 

I ALCO 2 5 1 0  ii i I ~  80 " 2750 EDG',MPDE = 
251E 6 1010 SSDG~ ! 

D-334TA 1 550 EDG [ 
D-353 
D-979 

.... 
D-3gg 
3304 

3306B DITA 

CAT 

4 335 CRANE 
2 470 EDG; 
4 675 ..... 88DG 
30 1125 EDG, 8SDG, MPDE 
z ,  ,90 SSDG 

26 200 SSDG 
3512 
38o~ 

~8FS-1/4 

14 
15 

ID 36 SS 8V-AM 
' KTA-2$00-G 

22 

1175 
3355 
410 

MPDE, SSDG 
SSDG, SS/EDG 

EDG 
38F8-1/4- 11 670 EDEi 

Coltec 38D8-1/8 124 1000-2000 88DG, EDG, MPDE 
38ND8-1/,8 19. ,, 1440 . . . . .  EDG 

PC 2.5 44 8500 MPDE 
Series 53 67 3B-220 MPDE, 8B~ WELDER = 
Sedes 7 i  498 190-460 SB, MPDE. SSDG, CRANE, 

Detroit Diesel FP e, EDG, WELDER 

" Series'149 15S ,"," 135(3 "' SS{)G 
4-1 O7 64. 25 SB 

Westerbeke  
108U-14088 70 25 8 B  

W au.kesha L1616D81N 14 500"-600 - "  $8D(3, MPDE 
16-567C 6 1850 EDGi 

EMD 16-645E5 32 2700 EDG; 
12-645E2 1 1350 ED~ 

ID 36 8£ 6V-AM 84 600 SSDG, MPDE 
lsotta Fraschini  45 440-800 SSDG, MPDE 

1 
1100 
875 Cummins 

vo lvo  Penta.. 

EDG 
.... KTA-3,8.G1 EDG 

KTA-50 3 1280 i MPDE 
AQAD-41A 88 165 J 8B 

Paxmar~ 16RP200M 52 3350 i " MPDE 
~ , ,  , , .  

1486 Total ...... 
EDG - Emergenc~ Die~el Generator 

~MPDE - Main Propulsion D|es~t Engine 
~SSDG - Ship Service Diesel Generator 
+SB - Smell Boat 
sWelder - Welder Generator 
~FP - Fire Puml~ Engine • 

There is a definite correlation between fuel sulfur 
content and the particulate emission rate as 
shown in Figure 1 from the Uoyds study on diesel 
engine stack emiesions[7]. By burning a fuel with 
low sulfur content, the particulate emissions can 
be reduced significantly.. 

DIESEL ENGINE EXHAUST P A R T I C U L A T E  
REDUCTION TECHNOLOGIES 

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

Dlegel Engfne Manufactur~r~' PM Technology 
Overview 

U.S, diesel engine m~nufacturem have begun to 
address the problem of controlling emlssionsfrom 
their nonroad engines. Initial efforts were directed 
toward NO~ emissions but !ately they have 
focused on PM emfssions a~ a result of the EPA'~ 
latest rulings. Because the exhaust emission 



Table 7. Navy Diesel Engine Exhaust Particulate Emissions 
!.~:;:~!~i~!~i~i;i,~ ..... . ........................................................................................ 

1 550 0.17 0.15 @ Rated hp & rpm, 0.2 % fuel sulfur by weight, No. 2 

2 1380 0.~0 0.15 

3 . . . .  l S O l  6 .39  o.15 

4 3084 0.18 0.15 

5 3393 0.20 0.15 

6 8500 0.12 0.15 
7 16,290 0.12 0.15 
8 252 0.28 0.15 

diesel 
@ Rated hp & rprn, 0.2 % fuel suIfur by we-ig-ht, No. 2 
diesel 
@ Rated hp & rpm, 0.2 % fuei sulfur by weight, 
dist~late fuel 
@ Rated hp & rpm, 0.2 % fuei~ulfur by weight, 
distillate fuel 
@ Rated hp & rpm, 0.2 % fuel sulfur by weight, 
distillate fuel 
@ Rated hp & rpm, fuel sulfur <0.5%, No. 2 diesel 

. . . .  =,,, , ,  . . . . . . .  

@ Rated..hp & rpm, fuel sulfur.<.0.5%, No. 2 diesel 
i @ 2300 rpm 

standards ~or larger marine di¢=els a~ just 
starting to emerge, manufacturer's efforts h~ve 
been directed toward those product lines wi[il 
eadier timetables for emission standards. Most 
~ngine manufacturers have environmenta] or 
certification departments responsible for keeping 
~b feast  of th~ latest proposed erni~s'~n standards 
issued by the EPA, CARB, or IMO. They lot.by 
independently and as a consorlium through Ihe 
Engine Manufacturer's Association (EMA) to 
comment on and propose changes to emerging 
b-'tandards b~s~d on b~'t available ~echnologies. 

Many of these available teshnologies are 
currently being applied to the diesel engines used 
in highway (lruck/bus) service anci locomotives 

bea=use emission standards for these platforms 
must be met sooner. The technologies 
developed [or these purposes, according to the 
manudacturers, will be easily transferred to marine 
applications with moa"~oalions for seawater 
cooling and other off-engine equipment. 

Some of the manufacturers we contacted are  
pursuing technologies that will meet EPA 
guidelines for onroad diesel engines and 
locomotives because they will come into effect 
before the guidelines for diesel madne engines. 
Such technologies include increasing injection 
and cylinder pressures; new or improved 
turboehargers; oil, air/fueI, and liming control; 
additional aftercooling; combustion system 

1 2 -  

~1o 
== 
~" 8 
2 
~ S  

0 0.5 1.0 1.5 2,0 2.5 3.0 3.6 

Fuel su l fur  con ten t  (% w t )  

Figure 1. Relationship Between Fuel Sulfur Content and Mass 8pacific Emissions of Particulates 
(kg/tonne fuel) al 85 Percent Maximum Continuous Rating 
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development; electronic fuel systems to regulate 
injection and pressure; andchanges in piston/ring 
geometry to control oil-based padiculates. 
Additionaltechniques include the use of eleolronic 
unit injection (an engine-mounted computer to 
electronically inject fuel) and other forms of 
electronic engine control. Others Install post- 
treatments such as catalysts or filters to reduce 
PM emissions to acceptable levels. Some 
manufacturers stated that aftertreatment of the 
exhaust stream, such so particulate traps and 
chemical injection, is being pursued, but is 
oonsiderBd a last resort to meet emission 
standards if other technologies do not lower 
exhaust omissions sufficiently. 

Fuel additives are also receiving much attention. 
Engine manufacturers and oil companies are 
actively pursuing additive research fo r  the 
reduction of engine emissions. 

Because the engines of some manulacturers 
already, meetthecurrent proposed PM etandard~, 
they are focusing on emissions other than PM 
since it is not a major problem with their ~ngines. 
There ~ppeared to be a consensus that the 
foreign manufacturers, although conducting 
research to curb a vadety of emissions, were 
more interesled in reducing NO= emissions than 
PM. 

PM ReducEor~ Technologies 

We investigated potential particulate emission 
reduction devices and technologies tD determine 
their cost, partiGulate reduction oapabili~, specbl 
requirements for installation or operation, and 
possible instatlatiorm on board a Navy ship. The 
feasibility of installing a device on board a Navy 
chip was determined based on our review of the 
literature sent by the eqL~pmenl m~nufacturer, 
'vendors, and various after-market oornpanies; 
and on intemet searches, including the DieselNet 
website, at http:#www,dieselne.t.com. 3 Another 
source of information was a list of participants and 
abstracts from the 1997 Diesel Engine Emissions 
Reduot(on (D EER) Work;shop, July 27-31,1997 at 
the University of California, San Diego. We wrote 
to most of the vendors asking for cost and other 
information fo rthose engine types typically found 
on board Navy' ships. We provided the 
horsepower, si2e, exhaust flow, and ~xhaust 
temperature ranges Of Detroit Diesel series 71 
e n g i n e  (a 250-hp 6-71), a Caterpillar generator 
engine (Model 3608), and a large main propulsion 

3 Copyright ©1997 Ecopoint Inc. 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 Pie[stick PC 2.5, 8S00 hp) for 
identifying applicable technologies. 

After completing our investigation of particulate 
emission reduction devices, we organi~'ed the 
data we collected into six categories: fuel 
conditioning devices, catalytic filtem/traps, 
flowthrough oxidation catalyst, dev ices  in 
developmental stages, fuel add[tEves, and catalyst 
vendors. 

Fuel Conditioninq Devices 

We/ound only onefuel conditioning cievice. This 
is l~ely due to the fact that the technology is 
patented based on the findings Published in an 
SAE 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 
that technology: 

• Increase fuel temperature prior to injection 
(heat exchange r). 

• Reduces fuel consumption. 
• Requires no maintenance. 
• Reduces CO 1g.6 percent. 
• Reduces HC 67 percent. 
• Reduces NO= 14.1 percent. 
• Reduces PM 4D.8 percent. 
• Require~ modification of the engine cooling 

system. 
• Patented technology stems from SAE paper 

860306. 
• Price~ range from $675 to $6,500 based on 

flow rate and the diameter of the tuel supply. 
• Installation could take 2 hours to 3 days 

depending on application. 

CatatyfJ¢ Fi[te_rs/Tratos 

Most devices available with completed 
commercial designs are partioulate filters/traps 
with and without catalytic coatings. These 
devices operate primarily as a filter that collects 
the soot, which bums off if exhaust temperatures 
reach 550°C (1022°F) for20 percent of 1he duty" 
cycle. This process is referred to as 
"regeneralion. = Because such high temperatures 
are not always reached (engine at light load or 
idle), a catalyst is sometimes used to help lower 
the regeneration temperature. The filter should 
be Installed as close to the exhaust manifold as 
possible. If the temperature required by the 
catalyst is not achievable, an outside source such 
as a heatei" or heated fuel injected into the 
exhaust stream will be required to raise the 
temperature. Such devices may be used to 
further increasethe exhaust temperature because 
the higher the temperature, the more effective the 



trap. One concern of the particulate trap is 
increased baoKpressure when the lilter becomes 
plugged; it should be monitored to indic~te when 
the filter needs to be c|eaned or is not working 
properly. The following list summarizes the 
characteristics of the particulate filter/trap: 

• Reduces HC; and CO 90 to 95 percent. 
- Reduces PM 50 lo 95 percent. 
, Low sullur fuel is recommended for b ~ t  

operation. 
o Poses dsk el increase in exhaust 

backpressure. 
* Imposes 1- to 3-pen;ent lul l  pc'natty due to 

increased ~ystem beckpm.~ure. 
* Is installed as close as possible to the 

exhaust manifold. 
, Exhaust temperature trace must be 

conducted under normal working eondition~ 
before installation can be recommended. 

• Soot will burn naturally at temperatures of 
550"0 (1022°F), however, catalyst coating 
can be u-~ed to initiate regen~.r~lton ~t 400 °- 
4 2 o " c  ( 7 5 a  o - 7 8 8  °F) .  

- Soot (p~rticulate) and HC are converted to 
00~ and H20. 

, CO is conver ted  to CO~. 

• Involves various methods of maintenance 
from weekly inspections and preventive 
maintenzmoe to removing and oleanir, g after 
every 2800 hours of operation. 

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

• May possibly increase NO= emissions. 
• Price quotes range 1rein $7",000 to $;)0,000 

for the Detroit Diesel and from $145,000 to 
$~00,000 tor Colt Pielstiok from a variety of 
vendors. 

Rowthrouqh Oxidation CatalWt 

The llowthrough oxidation catalyst device is 
9imilar to a fiIter or trap except that il does not 
impede the flow of the exhaust to trap the 
particulates, it effectively removes CO and HC 
and some p~rticulates (especiallythe HO port, on). 
I nforrnalion about the flowthrough device includes 
the following: 

• Metalii~ catalyst ~ubstrate of '~'olded" deaign 
will not crack or telescope. 

• May reduce CO and HC 90+ percent if 
exhau.~ gas temperafura~ reach g00°F 
(482°0). 

• Typically reduces particulates 25 to 50 
percent 

• Minimum exhaust temperature of 200°C 
(392°F} is necessary to "light off' ca~a',yst 
(results in -25-pement reduction in HG and 

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

- As the exhausttempera~ure rise~,the catalyst 
becomes more efficient. 

- Catalyst oxidizes HC and CO byforming 002 
and H~O. 

* Maintenance requirement i~ minimal. 
• Recommended instal]erich is near the 

exhaust manifold flange. 
- Can be mounted in any position. 
, Prices ranged from S675 to $6,490 for 

exhaust pipe o~tside diameter (OD) below 6 
inches. For larger OD, use multiple devices. 

Devic~¢ in Deve!opmental Stages 

We also discovered many technologies in the 
developmental stages, wh[oh are summarized 
below: 

. Microwave-regenerated particulate trap 
• Initially developed for small engine 

~ 5.9 Ilter~. 
• Microwave heats particulate substrate. 
• Reduces particulate by 80 percent, HC by 

90 percent and CO by 85 percent. 

. .  Catalyzed wall flow particulate filter 
• Reduces NO= (over 95 percent) and 

particulate (80-90 percent). 
• Requires 661 °F exhaust ga~tempetature 

for soot oxidation. 
• A few prototypes are installed on urban 

buses. 
• Biter units can bs fabricatPd to 

~¢¢ornrnodate engines up t o  3 0 - l i t e r  

displacement. 
- Is the size of a small muffler. 

S. Chemical treatment of the exhaust gas 
• Chemicalis sprayed into exhaust stream. 
• No r~talyst is required. 
• Ohemicaily treats exhaust gases using 

low-cogt nonhazardous liquid chemical. 
• Exacts 8-percent fuel penalty to heat 

exhaust gas to maintain reaction 
temperature el 1400 = to 1500°F. 

• Uquid chemical storage could be 10 
percent of volumetric fuel capacity. 

- Operating full-scale prototype and a few 
additional prototypes hav~ been installed. 

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

• For future unit~ of greater production, 
prices are expected to drop 50 to 70 
percent. 

. Nonthermal plasma assisted catalyct process 
• Lab tests show g0-percent reduction in 

140~ and particulate, 

27 



. No onboard chemicals or heating is 
needed. 

• 8mall amount of electricity ie required to 
generate nonthermal plasma o r i a  
ceramic surface. 

• Developrnentai, commercial prototypes 
a re  e~(peoted in 1 9 9 7  and  
commercialization by 1899. 

• Emission reduction begins immediately- 
no wait for the exhaust temperature to 
flee. 

5 .  Oxygen and nitrogen enrichment ,by compact 
membrane system 
• Permeable membrane separates ambient 

air into o×ygenqich and nitrogen-rich 
streams for u~e in the engine. 

, Reduces particulates 60 percent. 
• Increases engine power output 50 

percent. 
, Oxygen stream is provided lo engine Lo 

improve combustion. 
• Nitrogen stream is ted to exhaust as a 

plasma to reduce NO, emissions. 
• increases the in-cylinder concentratior| of 

oxygen 1rein ambient 21 to 25 percent. 

. Oxygen-enrichment and an optimized diesel- 
electric hybrid system 
• Both techniques increased NO,, but 

exhaust ga~ after-treatments can be 
used. 

• Project applied oxygen-enri=hed 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 additives were not heavily pumued for nsval 
applications because of logistics problems, but 
they were considered because the fuel savings 
balanced the cost of the additive, resulting in no 
additional cost to the consumer. We learned the 
following about uslng fuel additives: 

* Reduces CO, HC, NO,, and particulates. 
- Eliminates visual smoke. 
° Improves fuel economy between 4 and 10 

percent depending on the engine. 
- Specifies marine industries under possible 

applications, 
, Savings in fuel and maintenance result in no 

additional cost. 

Catalyst Manufaqturers 

Most catalyst manufacturers team with a"canner" 
(manufacturer of catalyst container) to supply the 
end product. When contacted, these catalyst 
manufacturers put us in contact with a numberer 
"canners." 

Alter reviewing all the information we gathered, it 
became obvious that wl3ile tt~e problem of 
substantially redueingthe PM from diesel exhaust 
has been 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 particles are 
parliculady fraught with drawbacks. They are 
Costly and, underva~Jing engine load conditions 
when the exhaust temperature drops, require an 
auxiliary or regeneration system (electric heater 
or combusted fuel to bum off the accumulated 
soot) to keep the ~ter from clogging and harming 
tho engine. 

The llowthrough oxidation catalyst, which is 
primarily used to reduce HC and CO for 
machineryopemting in enclosed epaces {forklift~ 
in warehouses, mining equipment, etc.), will 
provide some PM reduction of the SOF but does 
not captur~ soot particles, which are the most 
harmful p~rtieulate eonstituent.e, lt~ lower 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 indicetesthe inadequacyof 
existing technologies. Perhaps from these 
developmental devices and technologies will 
~;ome a reliable, low-cost, and effective solution. 

Retrofit of PM Reduction Devices 

To install any such device on an existing 
shipboard engine, a shipoheck will be necessary 
to answer the following questicn~: 

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

• Will the existing exhaust pipfng require any 
modifications to ~ocept the device ~nd 
auxiliary equipment such as installation of 
flanges for support, and heaters for 
maintaining the exhaust temperature for 
regeneration, etc.? 

, Will it be necessary to design and install new 
parts, such as brackets, to support the weight 
of the device? 
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- Will other systems have to be checked for 
availability and capacily, such as elec, trioal 
systems for power to he.tars, alarms, etc.? 

• Will documentation for the operators be 
necessary so they can maintain and 
troubleshoot the d~vi~e? 

• Will modification to the system result tn 
baokpressure that exceeds the OEM's 
maximum allowable? Exhaust system 
backpressure calculations should be done to 
ensure that this does not happen. 

- What is the cost of the device? 
- What are the installation costs (labor hours, 

any special equipment or per~orJnel needed, 
ate)? 

- What are the annual m-~intenance costs or 
hours (including spare pads)? 

• Are the weight and size (volume) acceptable 
for the sh]p? 

• What additional components are associat-=d 
with the installation (piping, control systems, 
ele~rioal service}? 

SelecEon Process 

To determine which device or lechnology would 
he the best overall choice, we developed a set of 
five criteria that were essential for success. 
These five criteria were then weighted (Good, 
8atisfa~-tory, or Bad) a.ooording to how well the 
equipment met them. The five criteda are: 

. Reduction Benef i t -  How wellthe equipment 
reduces ~he exhaust emission under 
consideration. 

Good = 90~-% 
SatJsfactor? = Some reduction up to 90% 
Bad = No reduction 

2. Acquisition Cost (as % of Engine Cost) - 
The approximate costs for the engines used 
in this study were: 

Detroit Diesel (6-71) 
Caterpillar 3508 - 
Colt Pielstick (PC 2.£;)- 

- $47,260.00 
$2,260,000.00 
84,200,00&00 

Aequistion cost weighting factors are: 

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

. Installation E f fo= t -  The estimated hours 
needed to install the equipmenl and support 
systems, plus any rein ovals required to make 
room for them. 

Good = <24 Hours 
8atisfactory = >24 hours <48 hou~ 
Bad = > 48 hours 

4. Operating Costs - Those costs associated 
with operation of the equipment such as the 
addition of chemicals, power for electric 
heaters, replacement of tilters, etc. 

Good = Minimal cost 
Satisfactory = Minimal to significant 
Bad = Significant cost compared to normaE 
operating costs 

. Maintenance Costs Those costs 
associated with doing maintenance on a 
piece of equipment such as periodically 
changing a filter, etc. 

Good = Little or no maintenance required for 
the equipment. 
Satisfactory = Some rl-laillleulanue requi~ed 
but of routine nature and &t sufficient intervals 
so as not to be burdensome, 
Bad = Short maintenance intervals with 
procedures that are not easily performed. 

Figure 2 shows how the criteria can be used to 
select the equipment or technologybest suited for 
use on the Navy engines. As we had concluded 
fmrn our research, the equipment that provides 
the best reduction (catalytic filter/trap) is also 
costly and has higher than normal operating costs 
assooi=ted with it. But 8inca this i8 the only 
device that will substantially reduce exhaust 
emissions, the decision must foe made to live with 
the shortcomings or decide on a compromise 
solution. The ideal exhaust reduction equipment 
should have the many good qualities of the tuei- 
conditioning device and fuel additive coupled with 
the good reduction qualities of the catalytic 
filter/trap. 

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 Rat a number of 
companies manufacture and sell PM- 
reducing devices that can be adapted 
(added) to Navy ehipboard diesel engines, 
But there is no clear-cut choice of device or 
technology available for cost-effectively 
reducing PM. 

The majorihj of the commeroially ava~able 
devices are of the filter orflowlhrough catalyst 
design. 

• The flowthrough catalyst device effectively 
removes the 8OF portion of the particulates 
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and is more reliable than the filter trap, but it 
is not as eftectlve in reducing the tolal 
amount ~f particulates. 

The filter traps are the most effective in that 
they at~o capture the soot portion of the 
particulate, however, they are subject to 
cloggingthat can produce backpre~ures that 
can damage the engine. 

• The filt~rs 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 
cool (partial or low load), some type of 
heating element is installed in Lhe 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 a clogged filter that can overheat and 
become damaged during the regeneration 
cycle, 

• The requirement for high operating 
temperatures requires that the filters be 
located a~ near to the ~ngine e×haust 
manifold as possible. 

• The tiller/trap ancl flowthrough devices can 
replace the existing muffler, but in marine 
applications we examined, this results in the 
device being placed too far from the exhaust 
manifold and increasing the exhaust 
backpressure. 

• At this time, original equipment 
manufa~urer~ (gEMs) do not plan 1o rely on 
fitters/traps 1o reduce exhausl particulate 
emissions to required levels, This does not 
bode well for lowering the cost of the 
equipment. 

, There is a high correlalion betWeen fuel sulfur 
content and the particulate emiceion rate. 
The 10uming of distillate ]ow-eulfur fuel result~ 
in significantly lower exhaust particulates by 
reducing the sulfate portion. 
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To meet the emerging madne diesel engine 
emission limits, it appears that most gEMs 
plan to adopt methods used in heavy-duty 
highway and other nonro~d engines. 

Foreign gEMs are concentrating their 
exhaust emission reductlop work on NO= 
rather than PM. 

Most gEMs with tee exception of ihe small 
engine manufacturers have their own 
research and development organization 

working on reducing engine exhaust 
emissions. 

gEMs are working independently to reduce 
diese I exhaust emissions, There seemsto be 
very little teaming or collaboration in this area, 
other than to sell ea0h other patented 
emission reduction equipment. 
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Bill Remley 
John J. McMullen Associates, Inc. 

Michael Osborne 
Naval Sea Systems Command 

ABSTRACT 

The International Madtime Organ~ation (IMO) 
Annex Vl protocol "to the Intema~,onal Con'~ent~on 
for ~he Prevention Of Pollution trom Ships 
(MARPOL) 73f78 Co[we[alien has erltered the 
ratification pha~e. Regulation 13 of this Anne× 
addresses NO= emission limits for marinediesel 
engines. This paperwill provide a brief overview 
of the new regulations and their expected Impact 
on the c~esel engine torero.unity. 

HISTORY 

The increased public awareness of how air 
pollution affev-'ts the quality of life has spun'ed 
environmental regulatory agencies around the 
world to consider plarJs to mitig=te it. The 
California Air Resource Board (CARE]) is one 
such regulatory body that, in 1990, issued a 
proposed State [m;)lementation Plan (SIP) for the 
1990 Cle~ Air Act Amendment proposing 
stringent limits on the emission of oxides of 
nitrogen (NOx) exhaust from e×is~ng and new 
marine engines, it was the catalysl that focused 
the attention of the marine community on the role 
ships play in air pollution. 

Coincidentally, efforts were also underway in the 
United Nations t o  draft an annex to the 
International Convention for the Prevention o1' 
Pollution from Ships (MARPOL) 73/-/8 agreement. 
Tl~e annex, which was later to be identitied as 
"Protocol of 1997 To Amend the International 
Convention for the Prevention of Pollution From 
Shlps, 1973, As Modified By'The protocol of 1078 
Relating Thereto" (or Annex V i  to MARPOL 
73/78), proposed regula~ons and standards for 
new ships relating to fuel sulfur content, disposal 
of hazardous malerial, engine emissions, and 
inspection cdteda. "The Marine Environment 
Protection Committee (MEPC) drafted the 
proposed Annex V! based on comments from 
member country representatives and their 
constituents. Engine manufacturers from around 
the world were invited to participate in the review 

process and" concluded that the emerging NOx 
limit curve could be met forengines produced by 
the year 2000. 

California eventually deferred its propose.d 
regulations for oceangoing madne vessels to the 
Environmental Protection Agency (EPA), which, 
in turn has incorporated the MARPOLAnnex into 
its proposed engine rules ~or diesel engines 37 
kW and above. The EPA would still regulate 
dies~-I engines on non-oceangoing marine 
vessels. 

Annex V! has urldergone its ~nal committee 
review and will soon begin the r~fificatlon 
process. 

M A R P O L  A N N E X  VI P R O P O S E D  
REGULATIONS 

The proposed 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 cr systems. Regulation 13 fudher 
requires compliance with the "Technical Code on 
Control of Emission of Nitrogen Oxides from 
Marine Diesel Engines" otherwise referred to as 
the NO~ Technical Code. Only new or 
substantially modified diesel engines over 130 
kW am covered by Annex VI. 

Regulation 3 address scenarios in which orew, 
equipment, or ship safety is involved Regulation 
5 addresses surveys and inspeclion~ of the ship 
and its diesel engines. Regulation 13 definesthe 
e×plic[t requirements for diesel engine NO= 
emissions. Regulation 1,$ limits the sulfurcontent 
in diesel fuel. 

Compliance with Regulation 13 is essential for 
marine diesel engines on international 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 undgr Regulation 18 cannot be 
certified if their weighted emissions exceed the 
limits ~hown in Figure 1. If an engine's weighted 
NO, emission number in grams per kilowatt-hour 
(g/kW-hr) exceeds the limit shown in Figure 1, a 
NO.~ treatment syst=.m or other modification to 
lower NO= is required. 

The test ~yoles and weighting fa~ors used to 
calculate an e n g i n ~  NO= emission number are 
shown in Table 1. The letters and numbers refer 
to the engine application and test ~'701e. D2 is for 
a generator set operating at constant speed. E2 
iS for a propulsion engine operating at constant 
=speed such as would be lhe case with an electric 
drive ship or a sh:p with a controllable pitch 
propeller. E8 is for a propulsion engine with a 
fixed pitch propeller. 

The NO, Code speo~ies the following formula for 
calculating the NOx emission number. 

where: 

G A S ~  - i= t  
i ~,,1% 

EP,.w  
i= l  

GASx = average weighted NOxemission 
value (g/kW-hr) 

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

WF = weighting |actor 
M = emissions rriass flow rate (g/hr) 
P = power, brake, uncorrected (kW) 

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

(~) 

(b) 

Increasing the maximum continuous rating 
of the engine by I0 percent or more 

Replacing the engine with a new engine 
built on or after 1 Janua~ 2000 

(o) Any engine modification :hat could 
potentially cause an engine to exceed the 
emission standard 

Routine replacement of engine par~ or 
components that do not alter emission 
characteristics is n o t  considered a m;~dification. 
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IMPLEMENTATION PROCESS 

This regulation applies to ships constructed on or 
after 1 January 2000 and requires that marine 
engines on those ships possess an "Engine 
Intemalional Air Pollution Prevention (EIAPP} 
Cerlifioate@ and that the ships wiII have to 
possess an "International Air  Pollution 
Prevention" (lAPP) Certifi;ate. The process for 
demonstrating compliance with Annex VI has 
several tiem. First, a preoertification ia performed 
for the EIAPP Certificate. This certification step 
would normally be performed at the engine 
manufacturer's plant and is designed to ensure 
that the engine meels the NO x Technical Code. 
The second certification step occurs once the 
engine is installed aboard the vessel. This stepis 
designed to ensure that the engine adjustments 
made for optimization do notvoid its compliance 
with the NO, Technical Code. The ship is issued 
an lAPP Certificate based on being certified. 
Subsequently, the ship and Its engine must be 
surveyed roughly every 2-½ years. 

E N V I R O N M E N T A L  T E C H N O L O G Y  
CHALLENGES AND OPPORTUNITIES 

By 2005, it is estimated that 28 pement of the 
world---s ships will have been rep]aced [1]. Many 
of these ships will be diesel-powered. Although 
many diesel engine rr~nufaoturers will produce 
engines that have no pmbiem meeting the 
proposed NO, limitations, some may elect to use 
exhaust treatment systems. Exhausl treatment 
sy~t=.ms, such as Selective Catalytic Reduction 
(8CR), suitable for marine environments wi]l suit 
these needs. But 8CR 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 various 
products would be more desirable for shipboard 
applications and thus represent an opportuniW to 
introduce newtechnology. 

Many ship owners will also explore various 
options for demonstrating their u--ontinued 
compliance once certified. Economical and 
maintenance-lree methods for monitoring and 
repealing NO= emissions will be considered tot 
emission-compliant engines. 



Table 1. ISO Weighting Factors and Application Codes 
% of rated speed 
% of rated load 
D2 
E2 
E3 

1oo lO0 lOO 10o 
loo,i, 7~ ~o. ~ 
o.o . o. o o. 0 

i o. 0 io.15. .... 

100 10(3 91 
10 100 78 
0.10 

0.20 0.S0' 

81 
5O 

0'.~5 

63 
25 

0.1 

Although many marine diesel engines are 
derivatives of land-based clleset engines, the 
manufacturer may choose not to transpose land- 
based technology to the marine sector for any 
one of several reasoqs, for example, different 
operatingenvironrnentandengine~za. Emission 
reduction equipment for manne applications 
poses a new challenge for the manufacturers of 
these devices. 

FUTURETRENDS 

Several resolutions were drawn up at the final 
review of rite proposed Annex Yl. Resolution 3, 
"Review of Nitrogen Oxides Emis-~ion 
Limitations," invited the MEPC to review the NO= 
emission limits at a minimum of 5-year intervals 
after entry into/orce and, if appropriale, amend 
Regulation 13 and the NOxTeehnioal Code for 
more stringent limits. 8o it is ~pected that the 
NO, limit curve of Figure I will be lowered in the 
not so d~stant 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 severn themes in this paper. Theyare 
not meant tc sound critical or utopian or 
outlandish, They are meant to get you 
regulators, researchers and equipment 
developers alilce - t o  thinl~ 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 I don't have a lot of specifics. 
We, as users, don1 have a lot cf say in how you 
build things to meet govemment regulations and 
our specifications as well. Thus we have to fall 
back on gener'alitie~. But the~e generalities, if 
broad enough can draw us into the world of 
philosophy, where we can ailbenefit fromthinking 
about how and why we do things; and even if we 
don't quits get that basic, they will at l e ~ t  indicate 
some of the hopes and concerns of truck users, 
who after all, haul about 84% of the nation's 
general freight and 65% of its bulk goods 
(reference 1). 

The thoughts in most of this paper spring ~rom 
experience with a small trucking company the 
author owned/operated, and the remainder is 
based on matedaJ from the Environmental Affairs 
Department of the. American Trucking 
Assopia~Jons (ATA). 

The general themes in this paper are: there is no 
free lunch; there are a lot of contradictions (policy 
and others) out there; be on the lookout for "step 
functions"; and let's get posTtive, look at 
opportunities, and get rid of the advemadal flavor 
ff'~t seems to pervade relations between 
regulators and the regulated, if these themes 
seem tar remo,/ed from diesel engine emissions 
per se consider that you do no~ operat~ in a 
vacuum but in a larger context, in a very large 
system. I will tr,/to cover each theme separately, 
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 

Tile basic concerns here are that we are ignorant 
of the tote[ system in which we operate and thu~ 

many unintended consequences will follow; and 
we have to pay a pnoe for the ¢,tandard of living 
we have. A high standard of living requires high 
levels of pollution-- society kills, it requires some 
(many?) to do the dirty work so the rest of tt can 
enjoy the highcot standard of living in the wodd, 
yet has the idea that no one should die 
"prematurely". it routinely accepts 40,000 or more 
traffic dea;hs annually (mostly premature) te have 
"freedom through mobility". 

Navin, et.al, in a paper, (ref. 2) put forth a 
relationshlp between deaths per person and 
motorization. Figure 1 gives this general 
relationship. Tratficdeaths Increase as a function 
of the number ot vehicles. Note that social action 
can decrease deaths, but they will increase 
~inearly regardless. The same pattern holds tot 
aircraft fatalities, as shown in Figure 2, redrawn 
from reference 3. Both figures indic, ate what will 
happen absent "social" action. Isubmitthat traffic 
and aidine 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 wil] increase regardless of s{x;~] 
measures to prevent thig. 

A Transportation Research Board ~FtB) Report 
(re|. 4) contains the =~ntence: "But continuing 
growth in vehicle 1ravel of 2 to 3 percent per year 
will make air quality goals a moving target. A still 
cleaner generation of vehicles will be required to 
accommodate yet another doubling of vehicle 
travel". Why is the target moving? The targel 
has no volition of its own. We make the target 
and can make it realistic 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 a w a r e  of that which they 
legislate; and the bureaucrats obligated to 
implement these laws are (as [ suppose they 
must be) overly specialized and attend to their 
duties wilh a narrow view; and no one is looking 
at the total picture. There are no renaissance men 
e~nymom. We are, and will c~nt[nue to be, vexed 
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by a never ending parade of unpleasant 
unintended consequences. For example, t l~ 
surge in aales of piokup trucks and sport utility 
vehicles (SUVs), a reaction ol the market place to 
CAFI~ standards that resulted in 'toy" cars that did 
not do what people wanted; and ~r bags, a 
~afety item killing people. 

We are all part of a vast, little understood, 
dynamic system and we tinker with tiny parts of i1 
at our peril. 

What this argues for is sensible s~cial action, 
action which mcognizeswhatis achievable rather 
thanwhat sounds good erie patently ludicrous. A 
rational sooted, looking at Figures 1 and 2 would 
conclude that since we can't avoid the trend we 
should ask by how much its slope can be -educed 
and how much aooial action ie required to do ¢o, 
and what is the cost of this action, This open" 
ended moving target business is a nastytrap. 

CONTRADICTIONS 

There are several apparent contradictions, both in 
policy and implementation that beWilder and 
confuse a ¢imple trucker who is not atlowed lhe 
luxury of ambiguity nor uncertainty (the load 
better be here at3:0DPM or else!). For example, 
the effort bythe DOE to"dieselize" class 1,Z, and 
3 trucks and sport utility vehicles, a Iog;cal and 
sensible proposition, is controversial because 
diesel fuel will be used. 

Also, consider "...thefederal system for regulating 
fuels ~nd vehiGte~ is rigid ~nd i~ tied to existin;] 
technology. It is not well suited to the different 
emissions, energy, arid safety attributes of new 
fuel~ and vehicles; it hinders innovation, does not 
allow trade-off between different attributes, and is 
insensitive to regional differences." (net. 4 )o 

Any move toward alternative ~ueis is ~een as a 
threat to the Highway Trust Fund revenue stream. 
Also, in the alternative fuel area, it w~uid be nice 
to see less infighting among the various 
proponent~. There i~ a petroleum industry, but 
there doesn't appear to be an alternative fuel 
industry. 

Another inconsistency is the difference between 
the Clean Fuel Fleet requirements and the 
EPACT requirements. "This confuses truck users. 

What also bewilders is the fact that an 
environmental regulation/rule/law i¢ never really 
in place because there is no end to the parties 
who use the courts delay', revise or overturn what 
was apparently something we would have to liv~ 
by. There is no certainty here. A certain "a pox 
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on ail your houses" attitude can grow up in this 
fluid circumstance. One would almost plead that 
all parfJes shut up and get on with it! It is one 
thing to exercise one's rights under a democratic 
system; quite another to use that system for 
narrow, se~ish interests. Untortunately, the 
concept of the common good doesn't seem to be 
alive anymore, which means we are frittering 
away precious time arguing in the courts rather 
than doing something concrete. 

STEP FUNCTIONS 

Some would call these innovations. By this term 
I mean an innovation that spikes up out of the 
linear trend line. The transistor was a step 

• function. While others were seeking evermore 
refinements/innovations to vacuum tubes Bell 
Labs invented the t ransistor--  a step function in 
its day. Jet propulsion was another. Innovations 
in dictaphones and typing pools were overcome 
I~y word processors, and on and on. I bring the 
~ubjoct 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 concern except that 
resources are being wasted that otherwise might 
accelerate the development 0f innovations that 
would accomplish the same ends being sought by 
regulators more cost effectively. 

Examples of innovations which could be 
leapfrogging advan~s are  hybrid drivetrains, 
either diesel- elc~ric, or fuel c e l t -  gas turbine, 
or diesel ragas turbine (the"giesel", being looked 
at by the U.S. Army). Why is it important to track 
these potential breakthroughs? Because while 
regulations are being litigated and thousands of 
people are tryihg clean up the diesel engine (at 
great cast ultimatelyto truck users and eventually 
consumers) a new development may render all 
that ac~ivily pointless and the time wasted 
irretrievable. 

innovations are not necessarily limited to things. 
It may be that truck users will eventually opt to 
"buy" only the service a truck provides. The truck 
builder contracts'o provide a truck that meets all 
regulatory stipulations and accounts for 
degradation, end guarantees a certain fuel 
efficiency. Or "compliance contractors" may 
spring into being, companies who will undertake 
to ensure that a float's trucks are always in 
compliance with all regulations, regardless of 
source, including state and federal DOTs, EPAs, 
and alternative fuel mandates. The trucking 
company merely operates the truck. "l'he liability 
for proper maintenance of emiss ions 



components, and other mandated equipment is 
passed tothe builder, or compliance contractor. It 
might be that rental companies would do this, but 
regardless o! who takes on that role this approach 
would radicaJ]ychange how vehicles are caredfor 
and whgm regulators would regulate. 

This approach would deal with the concern ATA 
has that we are on the leading edge of a shift in 
responsibi~ity (or truck emissions from engine 
m~nufaoturer~ (emissions warranty period, 
certification) to what happens when the truck isin- 
use inthe hands of the owner. This would require 
more intensive preventive maintenance (PM) 
programs, fuel quality cheeks and conduct of 
emissions tests by the truck fleet. 

Furl.her, think about being overlaken by ~vents; 
think about China, which is r~Jsing its standard of 
living. Reference 5 contains 1he prediction that 
China will be the world's largest source of a~id 
rain by 2010. It is ranked 3 '~ in emission of 
greenhouse gases, behind the U.S. ~nd the 
former Soviet Union; and if Ohina's economy 
grows at 8.5% for the next 30 years, by 2025 it 
will produce 3 limes as much CO2 as the U.S. 

OPPORTUNITIES 

I think a great step toward reducing emissions for 
practrcalcommerclal vehicles, in a timely manner, 
is to drastically reduce their fuel consumption. 
This means lower tare weigh: and improved 
aerodynamics. The great effort being expended 
on reducing diesel engine emissions has worked 
against reduoingfuel consumption. Figures S and 
4 compare brake specific fuel consumption 
{BSFC) for a 1985, 350hp, turbooharged and 
aftercooled, mechanically controlled engine and 
a 1997, 300hp class turbooharged, intemooled, 
electronically controlled, diesel engine by the 
aame manufacturer. In the early lgB0s the DOE 
had a target BSFC of 0.25 by 2000 for heavy duty 
diesel engines. 

The net effect is implied in Figure 5, a history of 
the fuel efficiency of heawtrucks over the past 18 
team. Figure 5 reports actual over the road fuel 
economy of heavy trucks used in line haul and 
less- than- truckload applications. The latest 
survey, the 1997 ATA one seems to indicate a 
slight leveling offin performance. Whetherthis is 
indeed the case is uncertain, butwe do know that 
speeds are higher and there is a trend toward 
higher horsepower engines. 

If we can't get reduced fuel consumption through 
reducing the engine's inherent appetite then we 
have to 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 drag. More 
improvement is po~,sible, on the order of a further 
30% reduction (a drag coeftid~nt of 0.25 is 
possible per ref. 6). Achieving such a drag 
coefficient could allow a typical tractor-semi- 
trailer, used in over the road applications where it 
could benefit from ae rodynamlo improvements, to 
save 4,400 gallons of fuel annually. 

Reducing idling is another opportunity, one thatis 
currently addressed by the larger fleets, which 
program ~heir engines 1o shut down after idling a 
specified duration, such as 5 or 10 minutes. 
However, this does nothing to keep the driver 
warm in winter and cool in summer, so drivers 
who can (independent r~n-company) idle. 

Not idling might be enthusiastically embraced if 
truck stop electrification was to become 
widespread. In 1995 the Edison Electric Institute 
proposed wiring truck stops so trucks could plug 
in and have electrical power to accomplish with 
electricity what idling with diesel fuel now does. 
The proposal suggested that electrification would 
cost a trucker 85 cents an hour lo heat arid/or 
cool remus $2.0{) an hour to burn die~el fuel to do 
this. Thii3 would reduce idling emissions of CO z 
by69%, NOx by98%, CO~y gg%, and VOCs by 
99% per truck. Truck stops are in fact being 
wired now, but only to support communicatEons 
and entertainmentteatures (e.g., cable TV) in the 
cab. 

Alternative fuels are a major opportunity. Their 
use could leapfrog any problems, real or 
imagined with diesel fuel, and the debate 
between engine manulacturers and the petroleum 
industry, reduce emissions and potentially cost 
less. A 1994 ATA Maintenance Council (TMC) 
survey indicated that, even then, there was more 
interest in alternative fuels on the part of fleets, 
than one might suspect. Forty-five percent of the 
fleets surveyed would e×perimentwith alternative 
fuels; anclb0% of these, or 22.8% would consider 
using these fuels on a larger scale. This 
percentage, applied to the 1994 fleet 
membership of TMC, would be about 270 fleets. 
These numbers presuppose a viable refueling 
infrastructure and reasonable fuel costs. The 
interest i~ even stronger today, based on 
discussions with numerous fleet personnel. 

One of the spurs for thinking along the lines 
sketched out above, in addition to personaJ 
experience with a small fleet, was the questions 
and comments in the Proceedings of a 1995 
Forum on Future Directions in Transportation 
Research and Development, ref. 7. 
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The statement was mad~ = that research was 
needed on environmental policy, that policy based 
solutions that fo~us on t.3e demand side deserved 
equml attention. How much transportation 
(mobility) Is enough? And research was needed 
to answer the questio'~: who are people and 
who are citlz:ens? How are their wants and 
needs measured? What are these national 
values that are held most dear? 

These questions represent the ultimate 
opportunity- 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 pollution? Does 
"standard cf living" have to denote levels of 
material goods rather thar= levels of life quality? 
If you can change expectations and provide a 
better vision than the trez~dmili of chasing a 
moving target then you will truly have made a 
contribuUon and e]imir, ated the need for future 
diesel engine emissions conferences. This is 
where the m~jodty uf our efforts and [esources 
should be going, I just wi~;~ we would ask some 
fundamental questions before continuing down 
the road we are o n - -  chasing moving targets and 
being so fixated on the targe~ that ~ve miss 
opportunities and fail to discern unintended 
consequences. 
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CALIFORNIA'S SINGLE STATE DIESEL DILEMMA: FACT VS. FICTION 

Stephanie Williams 
California Trucking Association 

ABSTRACT 

The Offioo oi Environmental Health Hazard 
A.~esernent (OEHHA), a part of lhe California 
Environmental Protection Agency, is responsible 
tot implementation ot the Safe Drinking and 
Water Aot of 1986. Proposition 65 requires the 
Governer to publish a list of chemicals that are 
known to the state of California to cause cancer, 
birth detects, or other reproductive harm. Only 
the ohemioal~ on the list am regulated under law. 
Businesses that produce, use, release, or 
otherwise engage in activities involving those 
chemicals must comply with requirements for 
clear and reasonablG warnings and prohibilion 
from discharges into drinking water. 

Diesel exhaust was added to the Governors list in 
1991. In 1993, the Californi~ Air Resoumes 
Board (GARB) mandated that Glean burning 
CARe fuel be manufactured and sold in 
California. The cost to the indush'y was $5 billion 
to re-tool refineries, which was and is, passed on 
to California companieswho use GARB diesel. In 
1988, the state of California found that the dean, 
more expensiv-e diesel fuel, removed tc~ic 
chemicals and improves publio health. Today's 
diesel emission standards boast 90% less 
particulate matter and 77% less nitrous oxides 
than technology pumhased just 15 years ago. 
Hundreds of millions of dollars of investment for 
tomorrow's diesel technology will be wasted if 
diesel exhaust remains at target in California for 
lawsuits. 

Currently, over 200 lawsuits have been filed 
against diesel truck users for emitting GARB 
diesel from heavy-dutytruoks. The evidence that 
environmental trial lawyers use to prosecute 
diesel users is the California Draft Document on 
the Toxicity of Diesel ExhausL The science used 
to allege diesel exhausi is a ~,ancer threat is 
opposed by the majority of ~he science 
community, which includes the original scientists 
who conducted ~ e  rat and human studies 
California relies or=. California's controversial risk 
assessment found diesel exhaust exposure at 
ambient levels responsible for 200 - 2,003 lung 
cancers permillion people. California claims that 
no safe threshold exists for ambient exposure to 
diesel exhaust exists. Federal EPA's Clean Air 
S~ience Advisory" Committee (CASAC) rejected a 

watered down versio~ of the California report 
c~aiming limited evidence in humans. The 
California legislature is looking into this California 
diesel problem, 
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California'sSingle State Diesel 
Dilemma: Fact vs. Fiction 

1998 Diesel Emission Reduction 
Workshop 

Stephanie Williams 
California Trucking Association 
Director, Environmental Affairs 
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California's Trucking industry 

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

• CA t ruc l~g  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. 
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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 tracks operating in California 
are domici led in other states 

° Trucking rates are extremely competi t ive 

'Or • Small  increases in price shift frez=ht 
movement  

California's Diesel Dilemma 

* Criteria pollutants dramatically reduced in 
last decade 

- 7 7 %  r e d u c t i o n  in  o x i d e s  o f  n i t r o g e n  

- 9 0 %  r e d u c t i o n  in  p a r t i c u l a t e  m a t t e r  

• Federal  standards implemented to reduce 
sulfur f rom diesel fuel  in 1993 

- CA reformulation 
- Reduce aromatics to 10% 

°. R e duc e d  toxicity 
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California' s D ie se l  D i l e m m a  

Cost of improved tectmology 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 

' , . . . . . . . .  ~ " ' , e ' ~ , ' , ;  . . . . . . .  J , , L q ,  , ~ 2 m  ~ : 

California' s Diese l  D i l e m m a  

D 

The Safe.Drinking Water and 
Toxic Enforcement Act 

Toxic Air Contaminant 
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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 canse cancer or 
reproductive toxicity 

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

The 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 
11100,000 for cancer 

• Authoritative body mechanism for 
chemicals that are listed under IARC 

- 1990 an ]ARC listing for diesel exhaust 
triggered a listing on the Prop 65 Governor 's  
List of chemicals known to the state to cause 
cancer, 
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The Safe Drinking Water and 
Toxic Enforcement Act 

• International Monographs on the Evaluation 
of Carcinogenic Risks to Humans, Volume 
46: "Diesel and gasoline exhausts and some 
Nitroarens, IARC, Lyon, France 1989. 
- Diesel  exhaust  was  not  classified by  I A R C  as a 

k n o w n  carcinogen (Group 1) 

- Classif ied in Group  2 under  probable/possible  

,q- 

4 6  

The Safe Drinking Water and 
Toxic Enforcement Act 

B allot stated: 
- "Singles  out chemicals  scientifically k n o w n  to 

cause cancer  or reproduct ive  h a r m "  

- "tells businesses don ' t  expose us to any  o f  these 

same chemicals  wi thout  a clear and reasonable  

warning" 
- A l l o w s  c i t i zen  g r o u p s  to  co l l ec t  a t t o r n e y s  

• f ees  a n d  e n f o r c e  s ta tu te  s h o u l d  A t t o r n e y  

General not prosecute in 60 days. 



The Safe Drinking Water and 
Toxic Enforcement Act 

* Federal  counterpart  called Hazardous A i r  

Pollutants (HAP) 
- Diesel exhaust not listed 

° Federal ly,  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 
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Toxic Air Contaminant 

• AB 1807 created a process to address 
potential public health effects from TACs 

- "a substance which may  cause or contr ibute to 

an increase in mortal i ty or an increase in 
serious illness or  which may  pose  a present  or  
potential  hazard to human heaIth" I-I&S 39655 

- R isk  assessment  determines i f  a substance is 

toxic and to what extent (OEI-IHA) 
- Risk  managemen t  determines the need for and 

appropriate  degree of control measures  (CARB)  

- R i sk  managemen t  occurs only i f  C A R B  
identifies the substance as toxic 

48 

Toxic Air Contaminant 

• 1991 diesel exhaust entered into the TAC 
process for risk assessment by OEHHA 

• 1991-94 OEHHA conducts literature 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 additionaI lung 
cancers per million people 

• Best  guess n~mber is 450 per million ,, 



Toxic Air Contaminant 

* OEHHA study relies on three studies 

- Cohort of railroad workers, GarshJck et al 
condueted during the 1950-60 

- Rat studies, Mauderly et al 

- Meta analysis of 29 studies, Bhatia et al 

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

I ' l L  I I  r l l  . . . . . . . . .  W J ~ L  . . . . . . . . . . . . . . . .  ~ L  . . . .  i . . . . . . . . . . . . . . .  

California' s Diesel  De l imma 

* The Safe Drinking Water and 
Toxic Enforcement Act 

* Toxic  Air  Con taminan t  

• A N D  T H E  260 Lawsui ts  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 

. ' . . . . . . .  " ' , ,,,,, , , ,  . . . .  , ,  , " , , " " . 1  r , , , ,  , . . '  
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California's Diesel Dilemma 
• The same week the OEHHA document was 

finalized, a press release from 
envirom-nental bounty hunters read "Citing 
cancer risks, Environmental Coalition, State 
of California sue 4 major L.A. supermarket 
chains for exposing neighbors to hazardous 
diesel exhaust" 

• National Resources Defense Counsel 

• Environmental  Law Foundation 

• . Coalition for Clean Air 
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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 

- Settle for huge penalties andphase  out of  
diesei engines over 5 years 



California's Diesel Dilemma 

° CARB tries to move ahead as if Prop 65 and 
TALC 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? 

° Way  don ' t  miners get cancer when exposed 
to 1000 times the concentration of diesel 
exhaust? 
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