
SUMMARY OF BOARD ITEM 

ITEM # 00-9-I: PUBLIC HEARING TO CONSIDER THE 
APPROVAL OF THE PROPOSED-RISK 
REDUCTION PLAN FOR DIESEL-FUELED 
ENGINES AND VEHICLES 

STAFF RECOMMENDATION: Staff recommends that the Board approve the 
Proposed Risk Reduction Plan for Diesel-Fueled 
Engines and Vehicles (“plan”). 

DISCUSSION: Particulate matter emissions from diesel-fueled 
vehicles and engines are about 28,000 tons per 
year in California. These emissions come from a 
wide variety of sources including over one million 
on-road and off-road vehicles, about 
15,000 stationary engines, and close to 50,000 
portable engines. On-road engines account for 
about 27% of the emissions, off-road engines about 
66%, with the remaining 7% from stationary and 
portable engines. 

In 1998, following an exhaustive IO-year scientific 
assessment process, the Air Resources Board (ARB 
or Board) identified particulate matter from diesel- 
fueled engines as a toxic air contaminant (TAC). On 
a statewide basis, the average potential cancer risk 
associated with these emissions is over 500 
potential cases per million. Compared to other air 
toxics the Board has identified and controlled, diesel 
PM emissions are estimated to be responsible for 
about 70% of the total ambient air toxics risk. 
Diesel PM can also present elevated localized or 
near-source exposures. Depending on the activity 
and nearness to receptors, these potential risks can 
range from small to 1,500 per million or more. As a 
result of this significant potential risk, when the 
Board identified diesel PM as a TAC, it directed staff 
to convene an advisory committee of interested 
parties to engage in a dialogue on the steps that can 
be taken to reduce these emissions. 

The Diesel Risk Reduction Plan (Diesel RRP) 
represents the staffs proposal for a comprehensive 
plan to significantly reduce diesel PM emissions. 
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The basic premise behind the plan is to-require all 
new diesel-fueled engines and vehicles to use state- 
of-the-art catalyst-based diesel particulate filters 
(DPFs) and very low-sulfur diesel fuel. Further, all 
existing vehicles and engines should be evaluated, 
and wherever technically feasible and cost-effective, 
retrofitted with DPFs. As with new engines, very 
low-sulfur diesel fuel should be used by retrofitted 
vehicles and engines. 

Diesel PM filter control technology is now available 
and has been demonstrated in over 20,000 
applications worldwide. It is staffs vision that well 
before the end of this decade these filters will 
become as commonplace on diesel-fueled engines 
as catalysts are now on gasoline-fueled vehicles. 

The Diesel RRP envisions four new regulations for 
on-road vehicles, four regulations for off-road 
equipment, five air toxic control measures for 
stationary and portable equipment, and a new 
Phase 2 diesel fuel regulation. 

Upon the Board’s approval of this comprehensive 
plan with its various control measures, staff will 
begin the full regulatory process to develop the’ 
actual regulations envisioned by this plan. During 
the regulatory development process, the details 
associated with each specific regulation will be fully 
developed. Over the next several years, staff will be 
developing these regulations and bringing them to 
the Board for consideration of adoption. To assist 
staff in evaluating retrofit applications and provide 
technical advice to staff, the Board created an 
Advisory Committee onToxic Air Contaminant 
Emissions from Diesel-Fueled Engines and 
Vehicles. 

VVhile the principal focus of this plan is the reduction 
in emissions of diesel PM, staff are well aware that 
there are a number of viable alternative 
technologies, such as compressed natural gas and 
electrification that in many cases could be used to 
accomplish the same results. It is staff’s full intent, 
as it develops the regulations proposed in this plan, 
to fully explore and engage in dialogue with 
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interested parties concerning opportunities for using 
these alternatives to reduce diesel PM emissions. 

SUMMARY AND IMPACTS: The projected benefits associated with the 
implementation of this plan are reductions in diesel 
PM emissions and associated cancer risks of 75% 
by 2010 and 85% by 2020. The measures 
recommended in this plan will also significantly 
reduce the localized risks associated with activities 
that expose nearby individuals to diesel PM 
emissions. Further, there are other benefits 
associated with reducing diesel PM emissions. 
These include reduced ambient fine particulate 
matter levels, increased visibility, less material 
damage due to soiling of surfaces, and reduced 
incidences of noncancer health effects, such as 
bronchitis and asthma. 

Staff expects that the costs associated with carrying 
out this plan will be significant and will be on the 
order of the costs associated with other major ARB 
programs. At this point, however, staff believes that 
the costs are necessary for protection of public 
health of Californians. 

The main issues identified concerning the plan have 
to do with issues that will need to be addressed 
during the control measure development process. 
These issues include considerations for specific 
source categories (such as emergency standby 
engines), cost of control, environmental impacts, 
and applicability of controls to specific source 
categories. Other issues raised pertained to the unit 
risk factor for diesel PM and assumptions used in 
developing estimates of potential risk from 
emissions of diesel PM. 

The plan itself is non-regulatory. 
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CALIFORNIA AIR RESOURCES BOARD 

NOTICE OF PUBLIC MEETING TO CONSIDER THE ADOPTION OF THE 
PROPOSED RISK REDUCTION PLAN FOR DIESEL-FUELED ENGINES & 

VEHICLES AND THE PROPOSED RISK MANAGEMENT GUIDANCE FOR THE 
PERMITTING OF NEW STATIONARY DIESEL-FUELED ENGINES 

. The Air Resources Board (Board ‘or ARB) will conduct a public meeting at the time and 
place noted below to consider the adoption of the proposed Risk Reduction Plan for 
Diesel-Fueled Engines and .Vehicles (RRP) land the proposed Risk Management 
Guidance for the Permitting of New Stationary Diesel-Fueled Engines (Guidance): 

DATE: September 28, 2000 

9:00 a.m. 

PLACE: Air Resources Board 
Hearing Room, Lower Level 
2020 L Street 
Sacramento, CA 95814 

These items will be considered at a meeting of the Board, which will commence at 
9:00 a.m., September 28, 2000 and may continue at 8:30 a.m., September 29, 2000. 
These items may not be considered until September 29,200O and they may be 
considered separately. Please consult the agenda for the meeting, which will be 
available at least 10 days before September 28, 2000, to determine the day on which 
these items will be considered. 

In the first item, the ARB staff is recommending a comprehensive program to further 
reduce emissions and resultant health risks associated with emissions of diesel 
particulate matter (diesel PM). This effort builds upon existing regulations and other 
initiatives underway to reduce diesel PM emissions. This compreh.ensive program 
consists of: 

1. Developing additional regulatory emissions standards for all new on-road, 
off-road, and stationary diesel-fueled engines and vehicles that will reduce diesel 
PM emissions by an overall 90 percent from current levels; 

2. Developing retrofit requirements for existing on-road, off-road, and stationary 
diesel-fueled engines and vehicles that will reduce diesel PM emissions from 
these engines; and 
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3. Developing requirements to reduce the sulfur content of diesel fuel so that 
on-road, off-road, and stationary diesel-fueled engines will be able to use the 
low-sulfur diesel fuel needed by advanced diesel PM control technology. 

In the second item, the ARB staff is proposing guidance to assist local air pollution 
control and air quality management districts (districts) in making risk management 
decisions associated with the permitting of new stationary diesel-fueled engines. This 
proposed Guidance defines a technology-based approach that retains a risk-based 
review under certain conditions. Under this Guidance, all new stationary diesel-fueled 
engines meet either minimum technology requirements or engine performance 
standards. For most engines; a permit is approvable once the appropriate minimum 
technology requirement or performance standard is met. For engines that operate more 
than 400 hours a year, staff is recommending that a site-specific health risk assessment 
be required prior to permit approval. 

At the September 28, 2000, public meeting, staff will recommend the adoption of the 
proposed Diesel RRP and the Guidance. The Board wilt discuss and take public 
comments on tRese two items. 

The public may present comments relating to this matter orally or in writing at the 
hearing, and in writing or by e-mail before the hearing. To be considered by the ARB, 
written submissions must be addressed to and received by the Clerk of the Board, 
Air Resources Board, P.O. Box 2815, Sacramento, California 95812, or 2020 L Street, 
4” Floor, Sacramento, California 95814, no later than 12:OO noon, September 27, 2000, 
or received by the Clerk of the Board at the meeting. To be considered by the ARB, 
e-mail submissions must be addressed to dsirro00@listserv.arb.ca.qov (for the Diesel 
RRP) and to dslpaOO@listserv.arb.ca.qov (for the Guidance), and received at the ARB 
no later than 12:OO noon, September 27, 2000. 

The ARB requests, but does not require, 30 copies of any written submission. Also, the 
ARB requests that written and e-mail statements be filed at least IO days prior to the 
hearing so that ARB staff and Board Members have time to fully consider each 
comment. 

Copies of the Diesel RRP and Guidance documents may be obtained from the Board’s 
Public Information Office, 2020 L Street, Sacramento, CA 95834, (916) 322-2990, at 
least 10 days prior to the scheduled meeting. Copies are also available on the web at 
http://www.arb.ca.gov/toxics/diesel/dieselhtm. 

This facility is accessible to persons with disabilities. If accommodation is needed, 
please contact ARB’s Clerk of the Board at (916) 322-5594, or Telephone Device for the 
Deaf (TDD) at (916) 324-9531, or (800) 700-8326 for TDD calls from outside the 
Sacramento area at least 14 days before the hearing. 

-2- 
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Further inquiries regarding this matter should be directed to Dr. Randy Pasek, Manager, 
Technical Analysis Section, Stationary Source Division, Air Resources Board, 
P-0. Box 2815, Sacramento, California 95812, (916) 327-7213. _ 

CALIFORNIA AIR RESOURCES BOARD 

Date: August 25, 2000 

Executive Officer 

-3- 
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I. EXECUTIVE SUMMARY 

Particulate matter emissions from diesel-fueled vehicles and engines are about 
28,000 tons per year in California. These emissions come from a wide variety of 
sources including over one million on-road and off-road vehicles, about 
15,000 stationary engines, and close to 50,000 portable engines. On-road engines 
account for about 27% of the emissions, off-road engines about 66%, with the 
remaining 7% from stationary and portable engines. With full implementation of the 
current vehicle standards on the books and with vehicle turnover, diesel particulate 
matter (diesel PM) will still be about 23,000 tons per day in 2010 and about 19,000 tons 
per day in 2020. 

In 1998, following an exhaustive 1 O-year scientific assessment process, the Air 
Resources Board (ARB or Board) identified particulate matter from diesel-fueled 
engines as a toxic air contaminant (TAC). On a statewide basis, the average potential 
cancer risk associated with these emissions is over 500 potential cases per million. In 
the South Coast Air Basin, the potential risk associated with diesel PM emissions is 
estimated to be 1,000 per million. Compared to other air toxics the Board has identified 
and controlled, diesel PM emissions are estimated to be responsible for about 70% of 
the total ambient air toxics risk. In addition to these general risks, diesel PM can also 
present elevated localized or near-source exposures. Depending on the activity and 
nearness to receptors, these potential risks can range from small to 1,500 per million or 
more. As a result of this significant potential risk, when the Board identified diesel PM 
as a TAC, it directed staff to convene an advisory committee of interested parties to 
engage in a dialogue on the steps that can be taken to reduce these emissions. 

This plan, the Diesel Risk Reduction Plan or Diesel RRP, represents the staffs 
proposal for a comprehensive plan to significantly reduce diesel PM emissions. The 
basic premise behind the staff proposal is simple. It is to require all new diesel-fueled 
vehicles and engines to use state-of-the-art catalyst-based diesel particulate filters 
(DPFs) and very low-sulfur diesel fuel. Further, all existing vehicles and engines should 
be evaluated, and wherever technically feasible and cost-effective, retrofitted with 
DPFs. As with new engines, very low-sulfur diesel fuel should be used by retrofitted 
vehicles and engines. In short, the staffs proposed plan contains the following 
three components: 

I. New regulatory standards for all new on-road, off-road, and stationary 
dieselifueled engines and vehicles to reduce diesel PM emissions by 
about 90% overall from current levels;, 

2. New retrofit requirements for existing on-road, off-road, and stationary 
diesel-fueled engines and vehicles where determined to be technically 
feasible and cost-effective; and 

1 
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3. New Phase 2 diesel fuel regulations to reduce the sulfur content levels of 
diesel fuel to no more than 15 ppm to provide the quality of diesel fuel 
needed by the advanced diesel PM emission controls. 

Diesel PM filter control technology is now available and has been 
demonstrated in over 20,000 applications worldwide. It is staffs vision that well 
before the end of this decade these filters will become as commonplace on 
diesel-fueled engines as catalysts are now on gasoline-fueled vehicles. 

Upon the Board’s approval of this comprehensive plan with its various 
control measures, staff will begin the full regulatory process to develop the actual 
regulations envisioned by this plan. During the regulatory development process, 
the details associated with each specific regulation will be fully developed. Over 
the next several years, staff will be developing these regulations and bringing 
them to the Board for consideration of adoption. To assist staff in evaluating 
retrofit applications and provide technical advice to staff, the Board created an 
Advisory Committee on Toxic Air Contaminant Emissions from Diesel-Fueled 
Engines and Vehicles. 

While the principal focus of this plan is the reduction in emissions of diesel 
PM, staff are well aware that there are a number of viable alternative 
technologies, such as compressed natural gas and electrification that in many 
cases could be used to accomplish the same results. It is staffs full intent, as it 
develops the regulations proposed in this plan, to fully explore and engage in 
dialogue with interested parties concerning opportunities for using these 
,aIternatives to reduce diesel PM emissions 

The projected benefits associated with the implementation of this plan are 
reductions in diesel PM emissions and associated cancer risks of 75% by 2010 
and 85% by 2020. The measures recommended in this plan will have a great 
impact on reducing the localized risks associated with activities that expose 
nearby indrviduals to diesel PM emissions. Further, there are other benefits 
associated with reducing diesel PM emissions- These include reduced ambient 
fine partrcu!ate matter levels, increased visibility, less material damage due to 
soiling of s&aces. and reduced incidences of noncancer health effects, such as 
bronchltz a?d asthma. Staff expects that the costs associated with carrying out 
this plan w/i be significant and will be on the order of the costs associated with 
other major ARB programs. 

2 
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II. BACKGROUND 

The public’s exposure to TACs is a significant public health issue in California. In . 
1983, the California Legislature enacted a program to identify.the health effects of TACs 
and to reduce exposure to these contaminants to protect the public health (Assembly 
Bill (AB) 1807: Health and Safety Code sections 39650-39674). The Legislature 
established a two-step process to address the potential health effects from TACs. The 
first step is the risk assessment (or identification) phase. The second step is the risk 
management (or control) ‘phase of the process. 

In August 1998, the ARB identified diesel PM as a TAC, following a 1 O-year 
review process. This marked the completion ofthe identification phase of the process 
to address the potential for adverse health effects associated with diesel PM emissions. 

This Diesel RRP is the first formal product of the risk management phase of the 
AB 1807 process. This report presents information that identifies the available options 
to reduce diesel PM, and identifies recommended control measures to achieve further 
reductions. The recommended control measures would be developed as mobile source 
regulations or stationary source airborne toxic control measures (ATCMs).’ 

The next step in the AB 1807 process,, following approval of this plan by the 
Board, is the development of the specific ATCMs and fuel or vehicular emissions 
regulations designed to reduce diesel PM emissions. The goal of each regulation is to 
reduce diesel PM to the greatest extent feasible. These regulations must be technically 
feasible and be cost-effective, and they will provide an opportunity to address issues 
associated with the application of controls on a specific source categories. In 
developing rules to implement the Diesel RRP, the staff will consider the availability and 
cost of engine modifications, add-on control technology, changes in fuel parameters, 
alternative fuels, and alternative methods of performing the function of the diesel engine 
application. Thus, although most of the Board’s regulatory activities are expected to be 
focused on emission controls that can be added to or built into diesel-fueled engines, 
staff will also fully integrate alternative “non-diesel” technologies (e.g., electrification and 
compressed natural gas (CNG)) as possible control options for reducing diesel PM 
emissions. 

ARB staff will develop the ATCMs and regulations with full public involvement 
and dialogue through public workshops and meetings with groups and individuals. Draft 
versions of the ATCMs and regulations will be presented to the public for review and 
comment, and a final draft version will be presented to the Board for approval. 
Public outreach is an essential element in the development of any ATCM or regulation 
to ensure that all affected and interested parties have full opportunity to provide input 
and shape rules that are both effective and workable. 

As part of the identification process, the Office of Environmental Health Hazard 
Assessment (OEHHA) evaluated the potential for diesel exhaust to affect human health. 
The OEHHA found that exposures to diesel PM resulted in an increased risk of cancer 
and an increase in chronic noncancer health effects including a greater incidence of 

3 
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cough, labored breathing, chest tightness, wheezing, and bronchitis. The OEHHA 
estimated that based upon available studies, the potential cancer risk from exposure to 
diesel PM in concentrations of one microgram per cubic meter ranged from 130 to 
2400 excess cancers per million. The Scientific Review Panel (SRP) approved the 
OEHHA’s determinations concerning health effects and approved range of risk for 
particulate matter from diesel-fueled engines. The SRP concluded that a value of 
300 excess cancers per million, per microgram per cubic meter of diesel PM, was 
appropriate as a point estimate of unit risk for diesel PM. 

The OEHHA also concluded that exposure to diesel PM in concentrations 
exceeding 5 micrograms per cubic meter can result in a number of long-term (chronic) 
noncancer health effects including greater incidence of cough, phlegm; and bronchitis. 
The 5 microgram per cubic meter value is referred to as the Chronic Reference 
Exposure Value (REL) for diesel PM. The SRP supported the OEHHA’s conclusion and 
noted that the REL may need to be lowered further as more data emerge on potential 
adverse noncancer effects of diesel PM. 

As part of its formal identification of diesel PM as a TAC, the Board accepted the 
OEHHA and SRP’s conclusions and directed the AR9 staff to begin the risk 
management process. The staff was directed to develop control measures to reduce 
both diesel PM and other potentially harmful pollutants. The staff was also directed to 
form a diesel risk management working group to advise the staff during its risk 
management efforts. This working group, the Advisory Committee and subcommittees, 
are discussed in Section B., below. 

A. How is this report structured? 

This report consists of a main report and appendices that summarize and discuss 
the proposed Diesel RRP to reduce emissions, exposure, and potential cancer risk 
associated with particulate matter from diesel-fueled engines. 

The main report provides the following information: 

+ defines the term “diesel-fueled engine” and identifies the categories of 
diesel-fueled engines and vehicles evaluated in this report; 

+ summarizes current regulations that address di’esel PM emissions from 
diesel-fueled engines and vehicles; 

+ presents diesel PM emission inventory estimates, estimated ambient 
concentrations, and associated potential cancer risk information for the years 
1990,2000,2010, and 2020; 

+ presents current near-source diesel PM emissions exposure and potential 
cancer risk estimates; 

+ discusses available diesel PM emissions control technology options; 
+ present’s AR9 staffs recommendation, based upon the above information, to 

further control particulate matter emissions from diesel-fueled engines and 
vehicles; 

4 
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+ estimates the reduction in diesel PM emissions, exposure, and risk by 2010 
and 2020 that could be achieved if all recommended measures were 
implemented; and 

+ - recommends specific measures to be developed to further reduce diesel PM 
emissions from diesel-fueled engines and vehicles. - 

Appendix I is a list of terms, definitions and acronyms used in both the main 
report and appendices. Appendix II is a report on the need for further regulation of 
stationary and portable diesel-fueled engines. Appendix III is a report on the need for 
further regulation of mobile on-and off-road diesel-fueled engines (excluding portable 
equipment, which is addressed in Appendix II). Appendix IV is a report on the need for 
further regulation of diesel. fuel. Appendix-V is-a summary of existing regulations 
addressing diesel-fueled engines, vehicles, and diesel fuel. -Appendix VI is .a discussion, ” - 
of the methodology for estimating the ambient concentrations of diesel PM emissions 
from diesel-fueled engines and vehicles. Appendix VII is a discussion of the potential 
risks associated with typical activities where diesel-fueled engines and vehicles are 
used (risk characterization scenarios). Appendix VIII is Health and Safety Code 
Section 39665, which identifies the requirements this report must meet. Appendix IX is 
a discussion of diesel PM control technologies. 

B. What does-this report contain, and how was it developed? 

In accordance with California Health and Safety Code Section 39665 (see 
Appendix VIII), this report includes the following information: 

number (population) and categories of diesel-fueled engines and vehicles; 
consideration of all past and current measures for reducing diesel PM; 
emissions and associated ambient and near-source potential risk levels for 
diesel PM; 
available technologies for reducing diesel PM; 
initial estimates for the costs of reducing diesel PM; 
alternative methods of emission reductions; 
recommended measures to be developed to reduce emissions and potential 
risk; 
potential adverse health, safety, or environmental impacts from 
implementation of the recommended measures; and 
impact of the recommended measures on diesel PM emissions and potential 
risk. 

While the above items are addressed in this plan, staff will further refine and 
update this information as it develops the various control measures identified in this 
plan. 

To ensure full opportunity for public consultation and input in developing this 
report, an Advisory Committee was created to serve as a forum for on-going 
communication, cooperation, and coordination in identifying opportunities to reduce 

5 
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diesel PM emissions. The Advisory Committee consists of the Stationary Source, 
Fuels, Mobile Source/Alternative Strategies, and Risk Management subcommittees. 
The Advisory Committee and each of the four subcommittees include representatives 
from industry, local districts, environmental organizations, ARB, the United States 
Environmental Protection Agency (U.S. EPA), and the public. - 

r ARB staff presented a draft of this document to each of the four subcommittees 
and the Advisory Committee for review and comment. All comments were considered 
and the draft report was revised in a number .of .waysto reflect these comments. 

III. DIESEL-FUELED ENGINES: DEFlNlTlON AND USES 

A. How is “diesel-fueled engine” defined? 

For purposes of this report, a diesel-fueled engine is defined as any internal 
combustion, compression-ignition (diesel-cycle) engine. It is generally assumed that the 
engine will be using diesel fuel. However, diesel-cycle engines using alternative fuels or 
fuel reformulation (e.g., jet fuel, biodiesel, CNG, and diesel/water mixtures) will also be 
addressed during the development of each specific ATCM or regulation. 

6. What categories of diesel-fueled engines and vehicles were evaluated in 
this report? 

Staffs goal in this plan was to address all diesel-fueled engines in California. 
Figure 1 identifies the specific categories and the current population of diesel-fueled 
engines and vehicles evaluated in this report.’ The following paragraphs provide a brief 
description of each category. Detailed descriptions can be found in Appendix II for 
Stationary Engines and in Appendix illI for Mobile Engines. 

1 The off-road vehicle population estimate does not include locomotives, but does include military 
tactical support equipment. The heavy-duty trucks and motor homes category includes approximately 
36,000 vehicles not registered in California. 

6 
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Figure I: Diesel-Fueled Engines and Vehicle Categories 
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What are mobile engines? 

Mobile engines can be divided into two categories: on-road vehicles and off-road 
engines and vehicles. 

On-Road Vehicles: Diesel-fueled engines are used in every category of on-road 
vehicles except motorcycles, and include light to heavy-duty trucks; school buses, urban 
buses, and passengers vehicles. In California, the majority of on-road diesel-fueled 
engines are found in the heavy-duty vehicles with a gross vehicle weight ratingfGVWR) .- -- -. -- 
ranging from 14,000 pounds to 33,000 pounds There are approximately 
700,000 on-road diesel-fueled vehicles currently in use in California. 

Off-Road Engines and vehicles: Diesel-fueled off-road engines comprise over 
100 individual off-road vehicle-and equipment wpes classified. into 3 7 equipment 
categories. Engine sizes range from under 15 horsepower to over 10,000 horsepower. 
These equipment categories include agriculture, airport ground support, construction 
and mining, commercial, industrial, logging, transportation-refrigeration units, Pawn and 
garden, commercial marine vessels, pleasure craft, and locomotives. Many of the 
off-road categories contain equipment types that are classified as portable (equipment 
of 25 horsepower or greater that is designed and capable of being carried or moved 
from one location to another). There are approximately 550,000 off-road diesel-fueled 
engines and vehicles currently in use in California. A more detailed breakdown is 

_ presented in Appendix III. 

D. What are stationary engines? 

Stationary engines can be divided into two categories: emergency/standby 
engines and prime engines. 

Emergency/standby engine: Emergency standby engines are typically used for 
emergency back-up electric power generation or the emergency pumping of water. 
Sizes range from 50 to 6,000 horsepower, depending on the needs of the user. There 
are over 18,000 diesel-fueled emergency/standby engines in use in California, 
Emergency standby engines make up about 70 percent of the total number of stationary 
engines throughout the State. Several local air pollution control and air quality 
management districts (districts) have rules that regulate NOx and CO emissions, but not 
PM from internal combustion engines- However, some districts currently exempt 
emergency standby engines from complying with these requirements. 

Prime Engines: Prime engines are stationary engines that are not used in an 
emergency back-up or standby mode. There are approximately 5,000 diesel-fueled 
prime engines currently in use in California. Examples include diesel-fueled engines 
that are used to power compressors, cranes,’ generators, pumps, and grinders. Prime 
engines make up about 30 percent of the total stationary engine inventory throughout 
the State. 
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Of the prime engines operating throughout the State, about 70 percent are agricultural 
irrigation pump engines. 

IV. SUMMARY OF EXISTING AND PROPOSED REGULATIONS 

The ARB has the responsibility for control of emissions from mobile sources. 
The local air districts have the-primary responsibility for control of air pollution for all 
sources, other than emissions for mobile sources. State law provides the South Coast 
AQMD with the authority to require fleets of 15 or more vehicles to purchase 
alternative-fuel vehicles when’adding or replacing vehicles. They have recently 
exercised this authority through the adoption of Rules 1191, 1192, II 93, and 1194. 

The federal Clean Air Act Amendments of 1990 (CAA) preempt state and local 
authorities from the control of emissions from new farm and construction equipment 
under 175 horsepower and from new locomotives or locomotive engines (CAA 
Section 209(e)(l)(A)); only the U.S. EPA has the authority to establish emission 
standards for those engines. in addition, heavy-duty diesel vehicles that travel in 
California but are registered in other states are subject only to federal emission 
certification standards; these vehicles contribute approximately 25 percent of the heavy 
heavy-duty vehicle-miles-traveled in California. As a result of the preemption and 
out-of-state vehicles, emission reductions of diesel PM in these categories are beyond 
the ARB’s authority to regulate. 

The CAA also requires California to receive authorization from the U.S. EPA for 
controls over on-road (CAA Section 209(b)(l)) and the non-preempted off-road sources 
(CAA section 209(e)(2)(A)). Overall these provisions make the U.S. EPA an important 
partner in control of emissions from diesel errgines. 

The following sections briefly describe the existing federal, state, and local 
programs that currently apply to diesel-fueled ‘engines and vehicles operating in 
California. A more detailed summary of the statutes and regulations may be found in 
the tables in Appendix V. 

A. What current federal, state, or local regulations address diesel PM 
emissions from mobile diesel-fueled engines? 

Virtually all new diesel-fueled on-road and off-road motor engines and vehicles 
sold in California are required to meet both federal and state emission certification 
requirements. Preempted engines, as noted above, must meet only the federal 
requirements. In most cases, California’s motor vehicle and diesel-fueled engine 
programs are designed to be consistent with the federal programs. To ensure the 
engines continue to have functional controls and proper maintenance, California has 
implemented Heavy-Duty Vehicle Inspection and Periodic Smoke Inspection Programs 
to reduce excessive smoke emissions and tampering with on-road diesel-fueled 
vehicles over 6,000 pounds gross vehicular weight for both in-state and out-of-state 
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registered heavy-duty diesel vehicles. In addition to certification standard 
non-regulatory strategies, which include incentives and voluntary agreements with 
vehicle and engine manufacturers, have also been implemented in California to 
accelerate reductions in certain criteria pollutants. 

B. What current federal, state, or local regulations address diesel PM 
emissions from stationary and portable diesel-fueled engines? 

In California, the local air pollution control and air quality management districts 
(Districts) establish rules and regulations for controlling emissions from new and 
existing stationary sources of air contaminants. These rules and regulations address 
both criteria and toxic air contaminant emissions. 

Qistrict preconstruction and operating permit programs implement the local, 
State, and federal air pollution control requirements applicable to new or modified 
sources of air pollution. Larger new or modified sources located in a nonattainment 
area must apply the Lowest Achievable Emission Rate control technology to minimize 
emissions, and they must “offset” the remaining emissions with reductions from other 
sources when appropriate. A new or modifying source located in an attainment or 
unclassified area must apply the Best Available Control Technology and meet additional 
requirements aimed at maintaining the region’s clean air. In addition, “major sources” of 
air pollution must obtain federal Title V operating permits that govern continuing 
operation. 

Many Districts have also adopted, pursuant to the California Health and Safety 
Code, Reasonably Available Control Technology/Best Available Retrofit Control 
Technology requirements that apply to existing sources located in nonattainment, 
attainment, and unclassified areas. These requirements are also implemented through 
the district’s permit program. 

Pursuant to State law, the ARB has established the Portable Equipment 
Registration Program (PERP) which is a voluntary program for the registration and 
regulation of portable engines and associated equipment. Several Districts have 
implemented similar registration programs. Portable equipment not registered through 
the ARB or a local district may be subject to District stationary source permit 
requirements, depending on the size of the engine. In addition, the U.S. EPA and ARB 
have established engine certification standards for new off-road engines (of which 
portable engines are a subset). These engines are available for use in portable 
equipment. 

c. What current federal, state or local regulations address diesel fuel 
formulation? 

Current federal U.S. EPA regulations establish fuel registration and formulation 
requirements. All diesel fuels and all additives for on-road motor vehicles are required 
to be registered with the U.S. EPA. The ARB has established California fuel formulation 
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requirements, applicable to all motor vehicles, that either meet or exceed existing 
federal formulation requirements. In addition, ASTM D 975 specifies standards which 
diesel fuels should meet to ensure safety, reliability, and performance. Generally, 
alternative diesel fuels do not meet all of the ASTM specifications. 

Since 1993, the sulfur content limit of California diesel (as well as diesel fuel sold 
to on-road vehicles nationwide) has been set at a maximum 500 parts per million by 
weight (ppmw). However, the average sulfur content of complying fuel formulations 
currently being sold in California is about 140 ppmw.* Further, California’s diesel fuel 
specifications include an aromatics limit and the fuel specifications apply to both 
on-road and off-road vehicles (EPA’s fuel sulfur requirements only apply to on-road 
vehicles). Although stationary engines are not required to use fuel that meets California 
Air Resources Board diesel (CARB diesel) formulation requirements, virtually all use 
complying fuel because of California’s single fuel distribution network. Also, under state 
law, districts have the authority to establish formulation requirements for fuels to be 
used in stationary engines. To date, several districts have established diesel-fueled 
engine best available control technology requirements specifying the use of CARB 
diesel. Portable engines registered under ARB’s Statewide Portable Equipment 
Registration program are required to use CARB diesel. Beginning July 1, 2002, 
medium and larger transit agencies must use diesel fuel with a sulfur content no greater 
than 15 ppmw in all diesel buses. 

V. EMISSION INVENTORY AND RISK 

This section summarizes the statewide diesel PM emissions inventory from 
diesel-fueled engines and provides ambient and near-source potential cancer risk 
estimates for those emissions. A detailed description of how the inventory, ambient 
concentration, and ambient risk values listed in Tables 1 through 5 of this chapter were 
determined is presented in Appendix VI. 

A. What are the estimated diesel particulate matter .emissions for 1990,2000, 
2010, and 2020? 

Table 1 lists the estimates for the statewide diesel PM emissions inventory from 
diesel-fueled engines and vehicles for 1990. Tables 2, 3, and 4 provide similar 
estimates for 2000, 2010, and 2020. The relative contribution of the major 
subcategories of engines and vehicles that comprise the stationary and mobile 
categories are also shown. All tables take into account growth in engines due to 
population and economic growth and emission reductions due to both federal and state 
regulations in effect at the time of the inventory estimate. These estimates do not 
include proposed recommended measures discussed in Chapter VIII, including the’ 
recently proposed 2007 federal on-road and diesel fuel standards. 

2 141 ppmw is the volume-weighted average determined by the California Energy Commission’s 
1997 California refiner survey. (See Appendix IV.) 
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Tabie 1: Estimated Statewide Diesel PM Emissions Inventory - 
Diesel-Fueled Engines and Vehicles (I 990) 

Table 2: Estimated Statewide Diesel PM Emissions Inventory - 
Diesel-Fueled Engines and Vehicles (20003 

Table 3: Estimated Statewide Diesel PM Emissions Inyentory - 
Diesel-Fueled Engines and Vehicles (2010) 
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Table 4: Estimated Statewide Diesel PM Emissions Inventory - 

MOBILE I 
On-road I 610,2001 4,900l 25.9 
Off-road (Excluding Portable Equipment) 1 527,800/ 121800 67.7 

Portable 55,2001 660 3.5 

TOTAL 1,210,8001 18,900 100.0 

The current inventory of diesel PM emissions in Table 2 shows that there are 
about 28,000 tons per year of diesel PM that can potentially be reduced from a variety 
of sources. The inventory also shows that the sources are numerous, with over 
1.25 million diesel-fueled engines operating statewide. Comparing the statewide diesel 
PM emissions in Table 1 (1990) and Table 2 (2000), shows that significant progress has 
been made to reduce diesel PM emissions in California. 

The bulk of the 30 percent decrease in diesel PM emissions from 2000 to 2020 is 
due to currently adopted on-road standards and fleet turnover as new vehicles with 
controls replace older vehicles with little or far less effective controls. Proposed federal 
standards for diesel-fueled engines are not considered in this inventory, but would 
reduce total diesel PM by approximately 3,500 tons per year (or an additional 
15 percent when compared to year 2000 emissions) by 2020. Some reduction in diesel 
PM emissions is due to a slight decrease in engine population. 

6. What are the estimated statewide potential cancer risks associated with 
diesel PM emissions? 

Table 5 l~sts the estimates for the statewide population-weighted annual outdoor 
average diesel Pkl concentrations and corresponding percent change in the 
concentration for the years 1990, 2000, 2010, and 2020 resulting from diesel PM 
emissions. These estimates are based on the emission inventory estimates presented 
in Tables 1 through 4 

The Prop_~s~~-lclentification of Diesel Exhaust as a Toxic Air Contaminant, 
Appendix III Pa? : Exposure Assessment3 (ID Report) reported the statewide -_ .-~ 
population-wel;Yes annual outdoor average diesel PM concentration as 3.0 pg/m3 for 
1990. The ARG s:aci revrewed studies conducted in the San Joaquin Valley, South 

3 As approved 5 J !V Sclentdic Review Panel on April 22, 1998. 
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Coast, and San Jose’to obtain more complete PM 1o ambient data. This information, 
along with routinely collected ambient PM10 monitoring network data and the 1990 PM10 
emissions inventory, were used in a receptor model to estimate the statewide outdoor 
concentration of diesel PM in 1990. 

We estimated the statewide outdoor concentration of diesel PM fo.r 1990, 2000, 
2010, and 2020 by assuming that the ambient concentration is proportional (linearly) to 
the statewide emissions. The ratio of the ambient concentration to statewide emissions 
was assumed to remain constant for the years 1990,2000,2010, and 2020. For 1990, 
this ratio was determined by using the ambient concentration from the ID report 
(3.0 pg/m3) and the statewide emission estimate for. 1990 from Table 1 (46,400 TPY). 
Using the 1990 ratio and the statewide emissions estimates for 2000, 2010, and 2020 
from Tables 2, 3, arid 4, the ambient concentration estimates for 2000, 2010, and 2020 
were estimated. These are presented in Table 5. 

Table 5: Statewide Population-Weighted Annual Outdoor 
Average Diesel PiVl Concentration for 1990,2000, 
2010, and 2020 

The ID Report provided estimates of indoor and total exposure to diesel PM. 
Applying the 1990 ratio to the estimated population-weighted annual outdoor average 
diesel PM concentrations for 2000, 2010, and 2020 results in the following indoor 
exposure estimates, respectively: 1.2 $m3, 1 .O $m3, and 0.8 p/m3. Total exposure 
estimates for 2000, 2010, and 2020 are 1.3 p/m3, 1.1 cl/m3, and 0.84 p/m3. The 
potential risk was estimated by multiplying the statewide ambient concentration by the 
unit risk factor of 300 excess cancers per million per microgram per cubic meter of 
diesel PM.4 This information, along with the estimated potential cancer risk values, is 
summarized in Table 6. 

4 The full range of unit risk factors identified by the SRP is 130 to 2400 excess cancer.s per million per 
microgram per cubic meter of diesel particulate matter. The 300 value was recommended by the 
SRP for use as a point estimate of the unit risk. 
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Table 6: Estimated Exposure of Californians to Diesel PM for 2000,201O 
and 2020 

C. How much of the estiniated statewide potential cancer risk level from air 
toxics is due to diesel PM? 

To provide a perspective on the contribution that diesel PM has on the overall 
statewide average ambient air toxics potential cancer risk, ARB staff evaluated risks 
from other compounds using data from ARB’s ambient monitoring network. ARB 
maintains a 21 site air toxics monitoring network which measures outdoor ambient 
concentration levels for approximately 60 air toxics. 

Table 7 shows the potential cancer risk from the top ten inhalation risk 
contributors that the State of California has identified as TACs and routinely monitors. 
The diesel PM values are calculated based on the procedure discussed in the previous 
section- The risk values for the other compounds are based on the annual average 
concentration (determined from ambient monitoring) multiplied by the unit ‘risk factor for 
each compound. Table 7 also shows that for the top ten risk contributors, diesel PM 
contributes over 70 percent of the state estimated potential cancer risk levels. 
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Table 7: Estimated Statewide Average Potential Cancer Risk from 
Outdoor Ambient Levels of Air Toxics for the year 2000 

1. Diesel exhaust PMlc potential cancer risk based on 2000 emission inventory estimates presented in Table 5. All other 
potentral cancer risks based on air toxics network data. Used 1997 data for para-Dichforobenzene. Used 1998 
monltonng data for all others. 

2. Assumes measured concentrations are equivalent to annual average concentrations and duration of exposure is 
70 years, rnhalanon pathway only. 

The South Coast Air Quality Management District also conducted a study of air 
toxics in the South Coast Air Basin (Multiple Air Toxics Exposure Study II (MATES-II)) in 
1998 and 1999. The MATES-II study estimated that the average basin wide potential 
cancer risk from diesel PM was about 1,000 excess cancers per million, or 71 percent of 
the 1,400 potential excess cancers per million people exposed to air toxics that are 
measured in the South Coast Air Basin. 

ARB staffs findings are consistent with the’ MATES-H study in that diesel PM is a 
major contributor to potential ambient risk levels and accounts for approximately 70 
percent of the ambient air toxics risk. Our analysis also indicates that average ambient 
concentrations of air toxics are higher in the South Coast Air Basin then elsewhere, 
resulting in higher estimates of risk for residents of that air basin. Staff concludes that 
reducing the risk from diesel PM is an essential element in reducing the public’s overall 
ambient exposure to air toxics. 

t9. What arc the potential cancer risks associated with some typical activities 
where diesel-fueled engines are used? 

AR5 staf estmaated the range of potential cancer risks from seven common 
activities or situatms to determine if the concentrated operation of diesel-fueled 
engines couIc ex~sc3 nearby individuals to locally elevated diesel PM concentrations 
higher than ave*a’;c regronal concentrations- The specific situations investigated 
included idllnlg ~zt‘zz: buses, truck stops, freeways, emergency and standby diesel 
engine operatizT5 q:lme engine operations, and warehouse distribution center 
operations. F 13 G :c 2 s~lows the range of potential cancer risk, above background levels, 
estimated for eac:t- type of activity. The risk estimate for each activity does not account 
for the risk from any olher diesel-fueled engines or vehicles. For more detailed 
information regardng each activity, see Appendix VII. 
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-Figure 2: Potential Cancer Risk Range of Activities 
Using Diesel-Fueled Engines - 

The ranges within each activity result from 

I 

variations of operating times and durations, 
I. 
: ‘.” Idling School Buses stack parameters, facility sizes, numbers and 

_.. sizes of equipment, and meteorological 
i conditions. The estimated 70-year cancer 

risks occur at the point of maximum off-site 
impact (PMI). PMI is the off-site location . , 

Emergency/Standby Engine closest to the emission source that shows the 
highest modeled concentration of diesel PM. 
PMI can be located as close as 20 meters 

: : from the emission source. 
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Risk is a function of the lifetime average daily dose and the carcinogenic potency 
of the compound. The potential risks reported here were estimated by multiplying the 
modeled concentration of a toxic compound by the carcinogenic potency value, also 
known as the unit risk factor. The unit risk factor is defined as the estimated probability 
of a person contracting cancer as a result of constant exposure to an ambient 
concentration of 1 pg/m3 over a 70-year lifetime. This approach and the use of a 
70-year lifetime is consistent with the OEHHA/ARB methodology for evaluating the 
potential risk from exposure to air toxics. 

We expect the estimated 70-year potential cancer ris-k range for each of these 
activities will fall within the ranges in Figure 2. Each range assumes a 70-year 
exposure to diesel PM emissions at current levels, and uses SRP’s diesel -PM unit risk 
factor point estimate of 300 excess cancers per million per microgram per cubic-meter 
of diesel PM. The ranges within each activity result from variations in assumptions of 
operating times and durations, stack parameters, facility sizes, numbers and sizes of 
equipment, and meteorological conditions- For example, in the Idling School Buses 
scenario the activity ranged from five buses idling two minutes each twice per day to 
20 buses idling 15 minutes each twice per day for 480 days per year. 

The estimated 70-year potential cancer risks in Figure 2 are based on the 
modeled diesel PM concentrations at the point of maximum impact (PMI). PMI is the 
off-site location closest to the emission source that shows the highest modeled 
concentration of diesel PM. The PMI can be located as close as 20 meters from the 
emission point. The diesel PM concentrations and associated potential risk decreases 
as one moves away from the point of maximum impact. For example, the potential 
cancer risk at the point of maximum impact for the Low-Volume Freeway scenario is 
estimated to be 200 excess cancers per million if a residence were located 20 meters 
away. For a residence located 500 meters away, the estimated potential cancer risk 
drops to 30 excess cancers per million. 

The estimated risks presented in Figure 2, and the assumptions used to 
determine these risks, are not based on a specific source of diesel PM. instead, 
general assumptions bracketing a fairly broad range of possible operating scenarios 
were used. The estimated risks are based on the diesel PM concentration at the point 
of maximum impact as determined using air dispersion modeling. The estimated risk 
ranges are used to provide a “qualitative” assessment of potential risk levels near 
sources of diesel PM. These estimates are based on the risk assessment methodology 
and assumptions identified in Appendix 7. Actual risk levels from these types of 
sources at any individual site will vary due to site specific parameters, including 
equipment technologies and emission rates, fuel properties, operating schedules, 
meteorology, and the actual location of off-site receptors. 

Figure 2 shows that each of the investigated activities has the potential of 
significant increases in potential cancer risk under certain circumstances. The potential 
cancer risk associated with these activities, combined with the high statewide ambient 
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risk levels reported earlier, provide additional evidence that all categories of 
diesel-fueled engines should be subject to further control requirements. 

VI. CONTROL TECHNOLOGY AND FUEL OPTIONS _ 

A. Has ARB identified control technology options that can further reduce 
diesel PM emissions from diesel-fueled engines and vehicles? 

Yes. The ARB has evaluated various types of control options identifying the 
control efficiency, description of technology, cost, and source test data. Technical 
evaluations of the control technologies, including summaries of the available emission 
test information, are.included in Appendix IX. Because emission test information was 
deemed essential for a thorough evaluation of diesel PM control technologies, detailed 
technical evaluat]ons were not performed where the technology proponent did not 
provide adequate emission test information. The most effective control technologies 
evaluated by ARB staff are catalyst-based diesel particulate filters (catalyst-based 
DPFs). 

Catalyst-based DPFs use catalyst materials to reduce the temperature at which 
collected diesel PM oxidizes. The catalyst material can either be directly incorporated 
into the filter system, or can be added to the fuel as a fuel-borne catalyst (FBC-DPF). 
Although catalyst-based DPFs can be used with diesel fuels of varying sulfur content, 
the greatest reductions come from using very low-sulfur fuels. Used with very low-sulfur 
(<I 5 ppmw sulfur) diesel ‘fuel, catalyst-based DPFs can reduce diesel PM emissions by 
over 90 percent. 

Table 8 provides a description and range of control efficiencies catalyst-based 
DPFs and, new diesel-fueled engines. The control efficiency information is based on 
available test information summarized in Appendix IX. As shown, the range of control 
efficiencies for catalyst-based DPFs is 85 to 97 percent. 

Table 8: Contrpl Technology Efficiencies 

Diesel PM Control Description 

I Catalyst-Based DPFs / catalyst material is either 

Very low-sulfur Fuel 
05% - 97% incorporated into the filter or added 

to the fuel; Diesel fuel with a sulfur 
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For existing diesel engine applications, catalyst-based DPFs have been shown to 
be effective in reducing diesel PM emissions. Worldwide, DPFs have been used in over 
20,000 applications. In several European countries, catalyst-based DPFs have been 
installed on more than 6,500 buses, heavy-duty trucks, and municipal vehicles. In the 
United States, the application of catalyst-based DPF’s is less prevalent, but several 
demonstration projects have been initiated. In California, diesel-fueled school buses -- 
and tanker trucks have been retrofitted with catalyzed DPFs as.part of a program to, 
evaluate the effectiveness of a refiner’s low-sulfur diesel formulation. In New York, the 
New York City transit authority’s fleet demonstration program will test the effectiveness 
of catalyzed DPF’s on 50 diesel-fueled buses. 

For new diesel engine applications, catalyst-based DPF technology is playing a 
key role in both establishing and cqmplying with new more stringent diesel PM 
standards. The U.S. EPA recently announced its proposed regulation for heavy-duty 
engine and vehicle standards and highway diesel fuel sulfur control requirements. A 
diesel PM emission standard of 0.01 g/bhp/hr is proposed. This proposed standard is 
based on the anticipated emission reductions from low-sulfur diesel fuel and the use of 
a catalyst-based diesel particulate filter. To comply with a 2005 European Union (EU) 
emission standard for diesel fueled vehicles, the French automaker, Peugeot Citroen, 
recently unveiled a diesel PM catalyst-based DPF system which is expected to go into 
production in the year 2000. 

B. What are the costs associated with these control technology options? 

Tables 9a through 9d present information on the costs associated with applying 
catalyst-based DPFs’ to stationary, off-road, and on-road diesel engines, including both 
retrofit and new engine applications. Table 9a provides information on the capital costs 
associated with retrofitting stationary diesel engines with catalyst-based DPFs. This 
information was obtained from representative catalyst-based DPF manufacturers and is 
intended to represent the range in the retail costs at this time. These cost estimates are 
mostly consistent with the $30 to $50 per horsepower range reported by the 
Manufacturers of Emission Controls Association (MECA) in “Emission Control 
Technology for Stationary Internal Combustion Engines” dated July 1997. 

Table 9a: Stationary Engines - Current Catalyst-Based DPF Retrofit 
costs 

5 Some Catalyst-Based DPFs require, and all Catalyst-Based DPF’s will benefit from, the use of very 
low-sulfur fuel. The incremental cost of this fuel is projected to be less than $ 0.635 per gallon and is 
discussed further in Appendix IV. 
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The costs associated with retrofitting off-road engines with catalyst-based DPFs 
are presented in Table 9b. This information also assumes a cost of $30 to $50 per 
horsepower, as reported by MECA representatives in “Exhaust Controls Available to 
Reduce Emissions from Non-road Heavy-Duty Engines.” - 

Table 9b: Off-Road Engines - Current Catalyst-Based DPF Retrofit 
costs 

II Technology I 190 hp6 275 hp I 475 hp 

// Catalyst-Based DPF $5,700-9,500 $8,250-13,750 1 -$l-3,500- 23,750 I/ 

Table 9c provides an estimate of the current cost to retrofit on-road engines and 
vehicles with catalyst-based DPFs. This information assumes a cost of $10 to $20 per 
horsepower, as reported by MECA in “Emission Control Retrofit of Diesel-Fueled 
Vehicles” dated March 2000. 

Table 9c: On-Road Engines - Current Catalyst-Based DPF Retrofit 
costs 

In contrast to the retrofit ‘costs presented in Tables 9a - 9c, Table 9d presents 
the U.S. EPA’s estimate of the future (2007) costs of applying catalyst-based DPFs to 
new on-road engines and vehicles. The U.S. EPA estimates are based on higher 
production volumes, and they are similar to the future cost projections presented by 
MECA in “Emission Control Retrofit of Diesel-Fueled Vehicles.” 

Table 9d: On-Road Engines - Future (2007) Catalyst-Based DPF Costs 

Vehicle Class 

y The power range noted has been selected to facilitate comparison with,on-road costs. 
The average horsepower was derived from the U.S. EPA’s engine certification database for LHDD, 

8 
MHDD, and HHDD engines for model years 1999 and 2000. 
The engine horsepower ranges were derived from the U.S. EPA’s engine certification database for 

’ 
LHDD, MHDD, and HHDD engines for model years 1999 and 2000. 
The U.S. EPA Catalyst Based-DPF cost estimates include both fixed costs (e.g., tooling, research 
and development, and certification) and variable costs (e.g., hardware, assembly and markup). 
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There is a stark difference between the current costs associated with retrofitting 
existing engines and the future costs associated with applying catalyst-based DPFs to 
new engines and vehicles. However, we expect these costs to decline as production 
volumes and experience increase. ARB staff expects that, over the next few years, the 
retrofit costs presented in Tables 9a- 9c will approach the new engine costs presented 
in Table 9d. 

Detailed cost and cost-effectiveness analyses will be completed during the 
preparation of each control measure. However, staff expects that the costs associated 
with carrying out this plan will be significant and will be on the order of the costs 
associated with other major ARB programs. in addition, ARB staff recognize that there 
may be unique situations that require a special evaluation of the feasibility and/or 
cost-effectivt;ness of applying catalyst-based ‘DPF technology. These issues will be . 
fully investigated and considered during the.development of the specific control 
measures. 

VII. ALTERNATIVE TECHNOLOGiES 

A. What alternatives to diesel-fueled engines and vehicles exist today that 
would result in lower diesel PM emissions? 

Diesel-fueled en.gines are extensively used throughout California in equipment 
and vehicles that provide for the transportation of goods, construction of homes, and 
emergency power generation. (See Chapter Ill for more information on the uses of 
diesel-fueled engines.) Diesels are the engines of choice for most “heavy-duty” 
applications. However, for a significant number of applications, lower PM emitting 
alternatives to existing diesel-fueled engines exist. As ARB staff develops the control 
measure recommended in this report, the feasibility and cost of these alternatives will 
be evaluated and considered. In most cases, it is expected that well controlled diesel 
engines using very low-sulfur fuel will have equivalent PM emissions as benchmark 
gasoline or CNG fueled engines. Where this is true, it is envisioned that regulations 
would be structured to provide a choice of fuels. In cases where alternatively-fueled 
engines offer emission performance that cannot be matched by diesel-fueled engines, 
the feasibility and costs of setting standards based the capability of alternatively fueled 
engines will be assessed. 

Current alternatives to diesel-fueled vehicles and equipment include: 
+ natural gas fueled vehicles and equipment; 
+ gasoline-fueled vehicles and equipment; 
+ dual-fueled vehicles and equipment; 
+ electrically-powered vehicles and equipment; 
+ fuel cell technology; and 
+ other alternatively fueled (e.g., Bio-diesel) vehicles and equipment. 
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The next step in the AB 1807 process, following approval of this report, is the 
development of the specific ATCMs and regulations designed to .reduce diesel PM 
emissions from diesel-fueled engines and vehicles. Chapter VIII identifies the specific 
control measures we currently recommend be developed. As part of the process in 
developing these recommended measures, where appropriate, the ARB staff will 
thoroughly evaluate available alternatives to diesel-fueled engines and diesel fuel. 
Criteria evaluated by the ARB staff when considering the recommendation of alternative 
technologies include: 

+ reduction in emissions of air toxics; 
+ the availability and quality of source test information; 
+ cost and cost-effectiveness of the alternative technology; and 
+ operation or design constraints associated with the alternative 

In summary, diesel-fueled engines have established themselves for a variety of 
reasons as the preferred power source for many functions in our industrial society. 
However, cleaner alternatives do exist which ARB staff will consider when developing 
the measures recommended in this report. 

ARB staff will develop the ATCMs and regulations in an open and public process. 
Draft versions of ATCMs and regulations will be presented to the public for review and 
comment, and a final draft version will be presented to the Board for approval. Public 
outreach is an essential element in the development of any ATCM or regulation to 
ensure that all affected and interested parties have full opportunity to provide input and 
shape rules that are both effective and workable. 

VIII. STAFF’S RECOMMENDATION 

In August 1998, the ARB identified particulate matter emissions from diesel 
fueled engines as a TAC, and staff was directed to begin the risk management process. 
A working group was convened to advise the staff with its risk management efforts. 
Since October 1998, staff has been working with the advisory committee to develop this 
report on the need for further control of particulate emissions from diesel engines. Staff 
finds that: 

1. 

2. 

3. 

The current inventory of diesel PM emissions, as presented in Chapter V of 
this report, demonstrate that stationary and mobile diesel engines currently 
emit over 28,000 tons per year of diesel PM in California; 
The current statewide population-weighted annual outdoor and indoor risk 
from exposure to diesel PM emissions, as presented in Chapter V of this 
report, is estimated at over 500 and 350 potential excess cancers in a million, 
respectively; and 
The evaluation of available diesel PM control technologies and strategies, as 
presented in Appendix II and Appendix IX to this report, demonstrates that 
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technically and economically feasible diesel PM control measures are 
available for diesel-fueled engines and vehicles. 

Therefore, we recommend that the Board direct staff to develop measures to 
reduce diesel PM emissions from all diesel-fueled engines and vehicles. Measures that 
we recommend to be developed are presented below. None of the recommended 
measures will result in an increase in NOx emissions above applicable NOx emission 
certification levels. 

The recommended measures for regulation development are discussed in 
sections A, B, and C below. Section D discusses the actions we believe the lJ,S. EPA 
needs to pursue to support our recommendations and to reduce diesel PM emissions in 
California. Section E discusses possible adverse impacts associated with the 
recommended measures. A more detailed description of each recommended measure 
and the associated emission reduction, risk reduction, cost analysis, and proposed 
implementation date for each measure can’be found in Appendices II, III, and IV. 

A” What measures does ARB recommend be developed to further reduce 
diesel PlVl emissions from mobile diesel-fueled engines and vehicles? 

Table IO summarizes the recommended measures for all mobile sources except 
for retrofit of off-road portable equipment, which is discussed in the next section. 
Together, these measures comprise a comprehensive program to be implemented in 
California to control and reduce potential cancer risk from exposure to diesel particulate 
matter from mobile sources. These measures are further subcategorized for on-road 
and off-road applications. Alternative strategy applications, which are non-regulatory, 
are also part of the comprehensive program. They are discussed later in this section. 

As discussed in Chapter II, the recommended measures will be developed in 
accordance with the requirements of AB 1807. The specific control requirements of 
each measure will be developed in an open and public process. Details concerning 
each specific recommended measure, which include the cost and cost-effectiveness of 
controls and the availability of alternative technologies, will be explored as each 
recommended measure is developed. 
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‘able IO: Recommended Measures to Reduce Diesel PM from Mobile Sources 

Supplemental test 
procedures HDV 
certification 
Lower emission 
standards for new 

2000 2005 n/a 

2001 2007 1,600 

n/a 

3,500 

to be 
determined 

670-1.100 
HCV engines 
Cotrol of 
emissions from 
existing engines i 2002 2002-2008 1,870 280 1,900-9,500 

(retrofit) 
Solid waste i 
collection 2002 
vehicles 
Other public 
HDV fleets 2002 

Other public & I 
private HDV 2003-2008 
fleets 

Control of HDV in- / 
use emissions I 2003 2005 n/a n/a 130-150 

Off-Road Measures 

emissions from 

Control of in-use 
emissions 
PM standards .f;* ‘- -“- - 
new diesel 
pleasure craft 

3,600 1,300-1,800 

6,800 
5,700- 
23,800 

n/a 
to be 

determined 

24 
to be 

determined 
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The recommended measures for diesel-fueled on-road mobile vehicles listed in 
Table 10 address both new and existing vehicles. The proposed implementation dates 
listed in Table IO are tentative. The actual implementation dates m?y vary based on 
engine type or service and on the availability of very low-sulfur fuel. For new vehicles, 
AR6 staff is proposing that new engine diesel PM standards that will reduce diesel PM 
emission by at least 90 percent from the current on-road standartis. ‘This proposal is 
based upon the U.S. EPA’s proposed heavy-duty engine and vehicle standards and 
highway diesel fuel sulfur control requirements rule, and the expected engine, fuel, and 
control technology development needed to,meet the proposed standards. For existing 
vehicles, ARB staff is proposing diesel PM emissions be reduced, for almost all 
(90 percent) engines, by at least 85 percent. This equates to’an overall diesel PM 
emission reduction of 75 percent from existing vehicles. This reduction will be achieved 
through the addition of after-treatment technology, replacement of existing engines with 
new technology or alternatively fueled engines, or restrictions placed on the operation of 
existing equipment. The details of each of the recommended measures will be 
addressed during the actual regulation development process. In-use compliance 
programs will be implemented or enhanced to maintain the diesel PM emission 
reductions achieved through cleaner new engine standards and retrofits. 

Off-Road 

The recommended measures for diesel-fueled off-road engines are similar to 
those for on-road vehicles: more stringent diesel PM standards, after-treatment control 
retrofit requirements, and in-use compliance programs. In contrast, to on-road vehicles, 
off-road engines are not registered by the State, with the exception of portable engines 
that are permitted and/or registered by local districts or the State. Therefore, to ensure. 
the application of recommended measures such as inspection and maintenance 
programs, in-use compliance testing, or mandatory retrofitting of older equipment, the 
AR5 and district staff must rely on mechanisms such as warranty registration and local 
operating permits- 

Non-Regulatory Strategies 

Non-regulatory strategies for mobile sources include guideline development, 
voluntary memoranda of understanding, and non-regulatory incentive programs. A 
variety of voluntary and incentive programs are being proposed to achieve reductions 
beyond those California can achieve through regulatory action. Some involve programs 
adopted and implemented by local air districts, others are activities for which the ARB 
does not currently have the authority to regulate. While pursuing these non-regulatory 
strategies, ARB staff will work with the appropriate regulatory agencies to support their 
development of regulations consistent with what we are proposing for on-road and 
off-road sources under our jurisdiction. The non-regulatory strategies being considered 
by the ARB staff include: 
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+ the voluntary application of diesel particulate filters for locomotives; 
+ the voluntary application of diesel particulate filters for commercial marine 

vessels; 
+ ‘developing a memorandum of understanding (MOU) for the retrofit of airport 

ground support equipment; 
+ the voluntary retrofit of emergency vehicles; and 
+ implementing transportation control measures - idling restrictions; 

B. What measures does ARB recommend be developed to further reduce 
diesel PM emissions from stationary and off-road portable diesel-fueled 
engines? 

Table 11 summarizes the recommended measures designed to reduce diesel 
PM emissions from stationary and off-road portable diesel-fueled engines. The 
proposed implementation dates listed in Table 11 are tentative. The actual 
implementation dates may vary based on engine type or service and on the availability 
of very low-sulfur fuel. The measures identified in this section are discussed in more 
detail in Appendix II. For new engines, the recommended control measures presented 
in Table II require the application of catalyst-based DPFs or a similar technology that 
will reduce diesel PM emissions by at least 90 percent from uncontrolled levels. For 
existing vehicles, ARB staff is proposing diesel PM emissions be reduced, for almost all 
(90 percent) engines, by at least 85 percent. This equates to an overall diesel PM 
emission reduction of 75 percent from existing vehicles. This reduction will be achieved 
through the addition of after-treatment technology, replacement of older technology 
engines with new technology or alternatively fueled engines, or restrictions placed on 
the operation of existing equipment. The details of each of the recommended measures 
will be addressed during the development of each of the air toxic control measures and 
regulations. Because of the variety of existing engines, as well as the multitude of 
applications, staff expects that no single control technology will be universally applicable 
to all retrofit applications. 

Tables 9a and 9b presented information on the costs associated with applying 
catalyst-based DPFs on both new and retrofit stationary and portable engines. The 
preliminary cost-effectiveness for the control measures identified in Table II ranges 
from 5 to 200 dollars per pound of diesel PM reduced. The cost per pound of diesel PM 
reduced reflects the predicted costs associated with purchasing, installing, and 
inaintaining a catalyst-based DPF on each of the diesel-fueled engines addressed by 
the recommended measures. We believe these cost-effectiveness estimates similar to 
the cost-effectiveness estimates for regulations developed to reduce other particulate 
compounds that have been identified as toxic air contaminants (e.g., hexavalent 
chromium and lead). 
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Table II: Recommended Measures to Reduce Diesel PM from Stationary and 
Off-Road Portable Sources 

Stationary Engine 

New Engines 
Prime Engine Retrofit 

Emergency Standby 
Retrofit 

Off-Road Portable Engine 
Retrofit 

Agricultural Engine 
Retrofit 

2002 2003 70 66 1 

2002 2003 105 105 

2002 2003-2005 712 252 

2002 2003-2005 297 197 

Stationary 

The recommended measures for stationary diesel_fueled engines listed in 
Table 11 address both new and existing engines. For new engines, the ARB staff 
recommends an ATCM be developed based on the requirements of the ARB’s 
permitting guidance document, Risk Manaaement Guidance for the Permittinq of New 
Stationarv Diesel-fueled Enqines, (September 2000). (See Appendix 11 for a more 
detailed description of Guidance requirements.) Diesel PM emission reductions from 
new stationary diesei-fsneled engines will be accomplished by requiring these engines to 
meet either specific teznnology requirements (i.e., stringent diesel PM engine 
certification levels, usage of low-sulfur diesel fuel, and application of catalyst-based 
DPFs); or an equally stringent performance standard. 

For existmg prime (non-emergency) engines and emergency standby engines, 
ARB staff recommends the development of ATCMs that define retrofit control 
requirements. As shown in Table 11, ARB staff predicts the implementation of the 
prime engine and emergency standby engine ATCMs by 2003 will result in diesel PM 
reductibns of up :c 70 tons and 105’tons in 2010, respectively. To achieve this 
reduction, ARB staff IS proposing diesel PM emissions be reduced, for almost all 
(90 percent) engnqes by at least 85 percent. This represents a 75 percent reduction in 
diesel PM emtssons from engines in these categories. The details of each of the 
recommended measures will be addressed during the development of the regulations. 
Although catajyst-based DPFs are available, for these sources, this technology may not 
prove to be ces:-e tiisztlve flor all engines especially smaller engines witta limited hours of 
operation, Du:I-; ?% ATCM development process, the ARB staff will conduct a more 
detailed cost-e?a-*l _ 1.1 d?ness analysis to help in determining the appropriateness of these 
controls. Ot as a?:‘- m .+ + sted that both of these ATCMs would be fully implemented prior to 
2010. 
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There are over 7,000 agricultural irrigation pump engines in California, 
representing about 11 percent of the total stationary and portable engine inventory. 
Because of the high use of these engines, they are a significant source of diesel PM 
and contribute half of the diesel PM emissions from the entire stationary engine 
category. In addition, agricultural irrigation pumps tend to be concentrated in specific 
regions of the State, contributing proportionally higher emissions within these regions. 

H & SC section 4231 O(e) prohibits districts from requiring a permit for most 
equipment used in agricultural operations. However, the State and districts -may 
establish emission control requirements for stationary agricultural equipment. Further, 
although districts are preempted from regulating portable agricultural equipment, the 
State can regulate this equipment if granted a waiver b.y the U.S. EPA.. Therefore,.ARB 
staff recommends working with the agricultural community to develop a comprehensive 
program to reduce emissions from engines used in agricultural operations. This 
program should evaluate both the substitution of diesel engines with electrically driven 
equipment and a comprehensive retrofit element. 

ARB staff predicts a reduction of diesel PM from agricultural irrigation pumps of 
up to 297 TPY by 2010 and 197 TPY by 2020. To achieve this reduction, ARB staff is 
proposing diesel PM emissions be reduced, for almost all (90 percent) engines, by at 
least 85 percent. This represents a 75percent reduction in diesel PM emissions from 
the engines in this category. This reduction will be achieved through the addition of 
after-treatment technology, replacement of older technology engines with new 
technology engines, use of alternative-fueled engines, or electrification. The details of 
each of the.recommended measures will be addressed during the development of each 
of the regulations. 

Off-Road Portable 

Staff recommends that the ARB develop regulations to reduce diesel PM 
emissions from existing off-road portable diesel engines. New engines for off-road 
portable equipment will be regulated by the off-road rules discussed above. The ARB 
currently administers the Statewide Portable Equipment Registration Program 
(Statewide Registration Program) Regulation (Title 13 California Code of Regulation 
$2450 - 2466) which is a voluntary program for the statewide registration and regulation 
of off-road portable engines. To date, approximately 12,000 off-road portable engines 
have been registered. The staff recommends that the Statewide Registration Program 
Regulation be amended to include requirements for reducing diesel PM emissions from 
portable diese.1 engines through the application of catalyst-based DPFs, electrification 
where feasible, and consideration of alternate fuels. In addition, staff recommends the 
development of an ATCM, for implementation by local districts, consistent with 
amendments to the PERP regulation. Staff predicts compliance with the ATCM would 
reduce diesel PM emissions up to 712 tons per year in 2010 and up to 252 tons per 
year by 2020. To achieve this reduction, ARB staff is proposing diesel PM emissions be 
reduced, for almost all (90 percent) engines, by at least 85 percent. This represents a 
75 percent reduction in diesel PM emissions the engines in this category. This 
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reduction will be achieved through the addition of after-treatment technology, 
replacement of existing engines with new technology or alternatively fueled engines, or 
restrictions placed on the operation of existing equipment. The details of each of the 
recommended measures will be addressed during the development of the regulations. 

C. What measures does ARB recommend regarding diesel fuel reformulation? 

Table 12 summarizes the recommended measures regarding diesel fuel 
reformulation. The measures identified in this section are discussed in more detail in 
Appendix IV. 

Table 12: Summary of Recommenda.tions 

* Emission reductions witta after-treatment- 
** Estimated for emulsions of water in CARB diesel. 

ARB staff recommends that a regulation be adopted in 2001 that requires very 
low-sulfur CARB diesel for all on-road, off-road, and stationary engines statewide, 
effective in 2006. ARB also recommends that programs be developed to ensure the 
adequate supply of very low-sulfur diesel fuel for vehicle fleets and stationary engines 
that are required through state or local rules to install catalytic add-on controls prior to 
2006. The U.S. EPA has published proposed regulations which would require that all 
diesel fuel sold for use in on-road vehicles have a sulfur content no greater than 
15 ppmw, beginning June 1, 2006. It is envisioned that the ARB regulation would apply 
to on-road and off-road sources but would otherwise be consistent with the U.S. EPA’s 
efforts and enable the retrofit of off-road and stationary diesel engines with 
catalyst-based after-treatment control technologies. 

ARB staff is also proposing to develop guidance on synthetic or alternative diesel 
fuel options. Synthetic or alternative diesel fuels may cost more than reformulated very 
low-sulfur CARB diesel, but should be considered if shown to be cost-effective for 
reducing diesel PM. These alternatives may result in significant benefits for 
higher-emitting categories, such as off-road engines, Synthetic or alternative diesel 
fuels may also prove to be part of the preferred control strategy for diesel-fueled 
engines or vehicles that result in relatively high risk’, or where control retrofit options are 
very expensive or difficult to implement. 

The guidance will identify alternative diesel fuels and provide information on 
associated emission reductions and cost. The guidance would assist local districts in 
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their permitting of fleets and equipment, and may be especially useful in cases where 
control equipment retrofits are impractical. 

D. What impact will the recommended measures have on diesel PM emissions 
and risk? 

As illustrated in Figures 3 and 4, ARB staff estimates the full implementation of 
the recommended measures ~711 result in an overall 75 percent reduction in ,the diesel 
PM inventory and the associated potential cancer risk for 2010, and an 85 percent 
reduction for 2020, when compared to today’s-diesel, PM inventory and risk. These 

.. 

reductions will occur through the combined actions of both California and the U.S. EPA - 
to adopt and implement rules that reduce diesel PM. 

From 2000 to 2010, ARB staff predicts diesel PM emissions and risk would 
decrease by only about 20 percent if the recommended measures are not implemented. 
This reduction would result from the implementation of existing federal and state 
regulations and the attrition of older diesel-fueled passenger cars and light-duty trucks 
from the on-road fleet. The U.S. EPA has proposed new, lower emission standards for 
heavy-duty trucks for 2007 and lower sulfur limits for diesel fuel (on-road vehicles only) 
in 2006. The benefits of these proposed rules are not included as existing measures 
because they have not been adopted as of the date of this Plan. 

The recommended measures can be grouped as follows: measures addressing 
on-road vehicles; measures addressing off-road equipment and vehicles, and measures 
addressing stationary and portable engines. These measures include the U.S. EPA 
proposed 2007 new heavy-duty truck standards and the proposed 2006 low-sulfur fuel 
limits. Figure 4 illustrates the impact of each of these groups of measures on projected 
diesel PM emission levels for 2010 and 2020. As shown, off-road recommended 
measures have the largest impact. Of the off-road recommended measures, the retrofit 
measures (see Figure 4) result in over 90 percent of the diesel PM reductions 
associated with all of the off-road measures. 
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Figure 3: Projected Percent Reduction in Diesel PM Cancer Risk from year2000 Levels with and Wtiout 

ARB Risk Reduction Plan (RRP) Implemented 

miqw/c! RRP) 201 O(w RRP) 202qw RRP) 

Figure 4: Projected 0iesel PM Emission Levels With and Withoert ARB Risk Reduction PI&I 
(RRP) Implemented 
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E. What other expected benefits are associated with implementing the 
recommended measures? 

As discussed in the previous two sections, full implementation of the measures in 
this plan will result in significant reductions in diesel PM emissions and associated risk. 
There are additional benefits associated with reducing diesel PM emissions. These 
include: 

+ Increased visibility; 
+ Less material damage due to “soiling” of surfaces with diesel PM; 
+ Decreased noncancer health effects associated with diesel PM; atid 
+ Decreased deposits of diesel PM and toxic chemicals on to surface water. 

F. What possible adverse impacts may be associated with the recommended 
measures? 

Most recommended measures require the use of add-on control devices, engine 
modifications, catalysts, low-sulfur diesel fuel and/or alternative fuel formulations. ARB 
staff has identified possible adverse environmental and safety impacts associated with 
the recommended.measures. Each of these impacts will be fully investigated and 
addressed during the rulemaking process. Possible adverse impacts are identified 
below. 

+ Potential for decrease in fuel economy; 
+ Potential for increases in emissions of hydrocarbons (HC), oxides of nitrogen 

(NOx), and carbon monoxide (CO); 
+ Potential for changes in composition of diesel exhaust that could result in an 

increase in emissions of other toxic air pollutants. 
+ Potential for contamination of ground and surface waters; 
+ Potential safety issues due to use and handling of gaseous-fuels; and 
+ Potential increase in hazardous waste from the disposaf of spent catalyst 

material. 

G. What actions should the U.S. EPA pursue to support the ARB staffs 
recommended measures? 

ARB staff recommends that the US. EPA adopt standards and regulations 
applicable to all 50 states that are similar in both scope and stringency to the measures 
in this plan. Further, ARB staff recommends the U.S. EPA take the following actions to 
support the measures in this plan and to reduce diesel PM emissions nationwide. 

+ The U.S. EPA should implement more stringent emission standards for diesel 
PM in the Tier 3 rulemaking than are currently envisioned in the Off-Road 
Statement of Principles. 
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Currently, the federal Clean Air Act preempts California from regulating new 
construction and farm equipment below 175 horsepower, new locomotives 
and locomotive engines, and commercial marine engines. Preempted 
off-road vehicles and equipment generate approximately 60 percent of the 
diesel PM emissions from off-road sources, thus limiting- California’s ability to 
achieve significant emission reductions on its own. Recent developments 
suggest that off-road engine control can move directly to after-treatment 
technology-based standards with higher emission reductions, on a 
cost-effective per engine basis. The ,U.S EPA should, therefore, consider 
accelerating the implementation of emission standards based on 
after-treatment technologies with the goal of reducing diesel PM emissions by 
90 percent from engines in these categories. 

Require all diesel-fueled on-road and off-road engines and vehicles to use 
very lo w-sulfur diesel fuel (1.15 ppm) . 
The U.S. EPA has proposed regulations that would require all very low-sulfur 
diesel fuel to be sold for use in on-road vehicles beginning June 1, 2006, but 
has not proposed to extend this requirement to off-road sources. ARB staffs 
recommended measures for off-road engines are based on the use of very 
low-sulfur diesel fuel and the use of exhaust after-treatment devices which 
would require low-sulfur fuel. It is critical that very low-sulfur diesel fuel be 
required to be sold nationwide for use in both on-road and off-road engines 
and vehicles. If not, California-only off-road regulations should be developed, 
but issues concerning the cost-effectiveness of developing California-only 
engine/after treatment systems and the compatibility of those systems with a 
higher sulfur national off-road diesel fuel need to be explored. 

The U.S. EPA should require more stringent control of.PM emissions from 
commercial marine vessels through retrofit of existing engines. 
Emissions from commercial marine vessels, which includes ocean-going 
vessels, tugboats, fishing boats, cruise ships, and other large ships, are a 
major source of diesel PM which is expected to grow from 2000 to 2010. A 
program to retrofit existing engines could provide significant benefits over the 
adopted controls for new engines recently adopted by the U.S. EPA. The 
US. EPA should, therefore, develop standards to reduce diesel PM 
emissions from these engines- 

The U.S. EPA should require the implementation of a retrofit program to 
reduce diesel PM from locomotives. 
The current national rule only affects particulate matter emissions from model 
year 2005 and later locomotives and does not reduce PM emissions from 
older locomotives. Recent developments in diesel particulate filter technology 
suggest that a locomotive retrofit program may be feasible and cost-effective. 
The U.S. EPA should, therefore, develop retrofit standards to reduce diesel 
PM emissions from engines in these categories. 
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Appendix I 

Glossary of Terms and Acronyms 

September 13,200O 
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Air Basin [Glossary]’ - means a land area with generally similar meteorological and 
geographic conditions throughout- To the extent possible, air basin boundaries are 
defined along political boundary lines and include both the source and receptor areas. 
California is currently divided into 15 air basins. See section 39012 of the California 
Health and Safety Code. 

Air Dispersion Model -A mathematical model or computer simulation used to estimate 
the concentration of toxic air pollutants at specific locations as a result of mixing in the 
atmosphere. 

Alternate Fuels [I3 CCR s 2421 (a)(l)] - means any fuel that will reduce non-methane 
hydrocarbons (on a reactivity-adjusted basis), NOx, CO, and the potentiai risk 
associated with toxic air contaminants as compared to gasoline or diesel fuel and would 
not result in increased deteriorationof the engine. Alternate fuels include, but are not 
limited to, methanol, ethanol, liquefied petroleum gas, compressed natural gas, and 
electricity. 

Ambient Risk - The background risk level from all the sources of air toxics pollutants 
within a certain specific area or location. 

Annual Averaqe Concentration - The concentration of an air toxics pollutant based on 
an annual average calculation for a full year of meteorological data. 

Area Source [Glossary] - Those sources for which a methodology is used to estimate 
emissions. This can include area-wide, mobile and natural sources, and also groups of 
stationary sources (such as dry cleaners and gas stations). The California Clean Air Act 
requires air districts to include area sources in the development and implementation of 
the AQMP. In the California emission inventory all sources which are not reported as 
individual point sources are included as area sources. The federal air toxics program 
defines a source that emits less than 10 tons per year of a single hazardous air pollutant 
(HAP) or 25 tons per year of all HAPS as an area source, but shall not include motor 
vehicle or nonroad vehicles subject to regulation under Title II. _ 

Area-Wide Sources [Glossary] - Sources of pollution where the emissions are spread 
over a wide area, such as consumer products, fireplaces, road dust and farming 
operations. Area-wide sources do not include mobile sources or stationary sources. 

Best Available Control Technoloqv (BACT) [Glossary] - The most up-to-date methods, 
systems, techniques, and production processes available to achieve the greatest 
feasible emission reductions for given regulated air pollutants and processes. BACT is 
a requirement of NSR (New Source Review) and PSD (Prevention of Significant 
Deterioration). 

’ From the Air Resources Board’s Glossary for Air Pollution Terms, available online at 
http://www.arb.ca.gov/html/gloss.h~. 
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Best Available Retrofit Control Technoloqy (BARCT) [Glossary] - An air emission 
limitation that applies to existing sources and is based on the maximum degree of 
reduction achievable, taking into account environmental, energy, and economic impacts 
by each class or category of source. 

California Ambient Air Qualitv Standard (CAAQS) [Glossary - A legal limit that specifies 
the maximum level and time of exposure in the outdoor air for a given air pollutant and 
which is protective of human health and public welfare (Health and Safety Code 
39606b). CAAQSs are recommended by the California Office of Environmental Health 
Hazard Assessment and adopted into regulation by the CARB. CAAQSs are the 
standards which must be met per the requirements of the California Clean Air Act 
(CCAA). 

Cancer Risk - The theoretical probability of contracting cancer when exposed for a 
lifetime to a given concentration of a substance usually calculated as an upper 
confidence limit. The maximum estimate risk may be presented as the number of 
chances in a million of contracting cancer. 

Compression-iqnition enqine [I 3 CCR §2410 (a)(1 0)] - A type of engine with operating 
characteristics significantly similar to the theoretical diesel combustion cycle. The non- 
use of a throttle to regulate intake flow for controlling power during normal operation is 
indicative of a compression-ignition engine. A compression-ignition engine may be 
petroleum-fueled (i.e., diesel-fueled) or alternate-fueled. All engines and equipment that 
fall within the scope of the preemption of Section 209(e)(l)(A) of the Federal Clean Air 
Act (42 U.S.C. 7543(e)(l)(A) and as defined by regulation of the Environmental 
Protection Agency, are specifically not included within this category. 

Construction Equipment [40 CFR Part 85, Subpart Q, § 85.1602]-Any internal 
combustion engine-powered machine primarily used in construction and located on 
commercial construction sites. 

Criteria Pollutant [Glossary - An air pollutant for which acceptable levels of exposure 
can be determined and for which an ambient air quality standard has been set. 
Examples include ozone, carbon monoxide, nitrogen dioxide, sulfur dioxide, and PM1 0 
and PM2.5. The term “criteria air pollutants” derives from the requirement that the 
U.S. EPA mus! deswbe the characteristics and potential health and welfare effects of 
these pollutants The U.S. EPA and CARB periodically review new scientific data and 
may propose rewstons to the standards as a result. 

Diesel Cvcle E-23 7-r [ 13 CCR § 2421 (a)(l6)] - A type of engine with operating 
characteristrcs sla?hcantly similar to the theoretical diesel combustion cycle. The 
primary means c; xqtrolhng power output in a diesel cycle engine is by limiting the 
amount of fuel Eat .s ;-;]ected into the combustion chambers of the engine. A diesel 
cycle engine ma, te petroleum-fueled (i.e., diesel-fueled) or alternate-fueled. 
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Diesel Fuel - Fuel meeting the following specification 

ASTM D975 - 98, Standard Specification for Diesel Fuel Oil; includes No. I-D, 
No. I-D low sulfur, No. 2-D, No. 2-D low sulfur, and No. 4-D. 

Diesel Fuel,ed Enqine - Any internal combustion, compression-ignition (diesel-cycle) 
engine that is fueled by diesel fuel or jet fuel. 

Diesel Oxidation Catalvst (DOC) -An exhaust treatment device that reduces carbon 
monoxide emissions, hydrocarbon emissions and the soluble organic fraction of diesel 
particulate matter through catalytic oxidation. Typical diesel PM control efficiencies 
range from 16% to 30%. 

Diesel Particulate Filter (DPF) - An exhaust treatment device that reduces diesel 
particulate matter through filtration. DPFs must be periodically “regenerated” to remove 
the collected particulate matter. DPFs can incorporate passive regeneration 
techniques, such as the catalyzed particulate filter, or they can incorporate active 
regeneration techniques, such as the electrically regenerated particulate filter. Typical 
diesel PM control efficiencies range from 62% to 97%. 

Diesel Particulate-Matter (diesel PM) - That portion of the exhaust from a diesel fueled 
compression ignition engine which is collected via a particulate matter sampling 
method. Diesel PM consists of several constituents, including: an elemental carbon 
fraction, a soluble organic fraction and a sulfate fraction. The majority of diesel PM (i.e., 
98%) is smaller than 10 microns in diameter. 

District [Glossary] -An air pollution control district or an air quality management district. 
Currently, there are 35 air districts in California. 

Elemental Carbon Fraction - For diesel particulate matter (a.k.a. the carbonaceous 
fraction or soot), the solid, non-volatile componentof diesel particulate matter which is 
formed during the combustion process. The sponge-like structure of elemental carbon 
particles allow them to be carriers for low-volatility organic compounds, including the 
soluble organic fraction of diesel particulate matter. Elemental carbon particles are very 
small (0.01 to 0.08 pm in diameter) and can be easily inhaled into the deep areas of the 
respiratory tract. 

Emerqencv Standbv Engine - An engine which operates as a temporary replacement 
for primary mechanical or electrical power during an unscheduled outage. An engine is 
not considered an emergency standby engine if it is used for purposes other than: 
periodic maintenance, periodic readiness testing, unscheduled outages, or to supply 
power while maintenance is performed or repairs are made to the primary power supply. 
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Emission Factor [Glossary] - For stationary sources, an emission factor is the 
relationship between the amount of pollution produced and the amount of raw material 
processed or burned. For mobile sources, an emission factor is the relationship 
between the amount of pollution produced and the number of vehicle miles traveled. By 
using an emission factor for a pollutant and specific source activity data, it is possible to 
compute emissions from a source. This approach is used in preparing emissions 
inventories. 

Emission Inventory [Glossary] -An estimate of the amount of pollutants emitted into the 
atmosphere from major mobile, stationary, area-wide, and natural-source categories 
over a specific time period such as a day or year. 

Farm Equipment or Vehicle [40 CFR Part 85, Subpart Q 5 85.16021 -Any internal 
combustion engine-powered machine primarily used in the commercial production and 
or commercial harvesting of food,‘fiber, wood, or commercial organic products, or for 
the processing of such products for further use on a farm. This includes 

Fuel Borne Catalvst (FBC) - A fuel additive containing one or more fuel-soluble metals 
that acts as a catalyst to lower the temperature at which regeneration occurs within a 
diesel particulate filter. 

Heave-dutv vehicle [EMFAC2000 Technical Support Document] -The EMFAC2000 
inventory model classifies heavy-duty vehicles by gross vehicle weight rating (GWVR). 
Light heavy-duty vehicles have a vehicle weight of 8,501 to 14,000 Ibs. GVWR, medium 
heavy-duty vehicles are 14,001 to 33,000 Ibs. GVWR, and heavy heavy-duty vehicles 
are greater than 33,000 Ibs. GVWR. 

ISCST3 - Industrial Source Complex Short Term. 

Light-dutv truck [I3 CCR § 1900 (a)(8)] -Any 2000 and subsequent model motor 
vehicle certified to the standards in section 1961(a)(l) rated at 8,500 pounds gross 
vehicle weight or less; and any other motor vehicle, rated at 6,000 pounds gross vehicle 
weight or less, which is designed primarily for the purposes of transportation of property 
or is a derivative of such a vehicle, or is available with special features enabling off- 
street or off-highway operation and use. 

Marine diesel engine [I 3 CCR § 2421 (a)(28)] -A compression-ignition engine that is 
intended to be installed on a vessel. 

Medium-dutv vehicle [I 3 CCR § 1900 (a)(9)] - Any pre-I 995 model year heavy-duty 
vehicle having a manufacturer’s gross vehicle weight rating of 8,500 pounds or less; any 
1992 through 2006 model-year heavy-duty low-emission, ultra-low-emission, super-. 
ultra-low emission or zero-emission vehicle certified to standards in section 1960.1 (h)(2) 
having a manufacturer’s gross vehicle weight rating of 14,000 pounds or less; any 
1995 through 2003 model year heavy-duty vehicle certified to the standards in section 
1960.1 (h)(l) having a manufacturer’s gross vehicle weight rating of 14,000 pounds or 
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less; and any 2000 and subsequent mode1 heavyLduty low-emission, ultra-low-emission, 
super-ultra-low emission or zero-emission vehicle certified to the standards in 
Section 1961 (a)(l) or 1962 having a manufacturer’s gross vehicle weight rating 
between ‘8,500 and 14,000 pounds. 

Multiple Air Toxics Exposure Study II (MATES II) - The Multiple Air Toxics Exposure 
Study (MATES-II) is an urban toxics monitoring and evaluation study conducted for the 
South Coast Air Basin. 

New Source Risk - Cancer risk resulted from toxic air contaminants due to the 
construction and operation of new stationary sources. 

New Source Review (NSR) [Glossary] -A Clean Air Act requirement that State 
Implementation Plans must include a permit review, which applies to the construction 
and operation of new and modified stationary sources in nonattainment areas, to ensure 
attainment of national ambient air quality standards. The two major requirements of 
NSR are Best Available Control Technology and emission offsets. 

Non-road Enqine [I 3 CCR § 2452 (v)] -Any engine that is in or on a piece of equipment 
that is self-propelled or serves a dual purpose by both propelling itself and performing 
another function. such as lawnmotiers and string trimmers; or is in or on a piece of 
equipment that is intended to be propelled while performing its function, such as 
lawnmowers and string trimmers; or that, by itself or in a piece of equipment, is portable 
or transportable. 

Off-road compression-iqnition enqine [I 3 CCR 5 2421 (a)(31)] - 
(A) Except as specified in paragraph (B) of this definition, an off-road compression- 

ignition engine is any internal combustion engine: 
i. in or on a piece of equipment that is self-propelled or serves a dual purpose by 

both propelling itself and performing another function and is primarily used off 
the highways (such as garden tractors, off-highway mobile cranes and 
bulldozers); or 

ii. in or on a piece of equipment that is intended to be propelled while performing 
its functm (such as lawnmowers and string trimmers); or 

iii. that. by Itself or in or on a piece of equipment, is portable or transportable, 
meaning ljesgned to be and capable of being carried or moved from one 
locatlon ta another. lndicia of transportability include, but are not limited to 
wheels. skds. carrying handles, dolly, trailer, or platform. 

(B) An rnrern J’ combustion engine is not an off-road compression-ignition engine if: 
i. the eno:.ne IS used to propel a vehicle subject to the emissions standards 

con:a:&z or! Title 13, California Code of Regulations, Sections 1950 - 1978, or 
a wehic FY used solely for competition, or is subject to sta.ndards promulgated 
under SC.‘+*- _ ,,J.-,n 202 of the federal Clean Air Act (42 U.S.C. 7521); or 

ii. the’ engjne IS regulated by a federal New Source Performance Standard 
promulgated under section 111 of the federal Clean Air Act (42 U.S.C. 751 I); or 
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iii. the engine otherwise included in paragraph (a)(iii) of this definition remains or will 
remain at a location for more than 12 consecutive months or a shorter period of 
time for an engine located at a seasonal source. A location is any single site at a 
building, structure, facility, or installation. Any engine (or engines) that replaces 
an engine at a location and that is intended to perform the same or similar 
function as the engine replaced will be included in calculating the consecutive 
period. An engine located at a seasonal source is an engine that remains at a 
seasonal source during the full operating period of the seasonal source. A 
seasonal source is a stationary source that remains ina single location on a 
permanent basis (i.e., at least two years) and that operates-at a single locatioh 
approximately three months (or more) each year. This paragraph does not apply 
to an engine after the engine is removed from the location. 

Off-Road Vehicle.-or Off-Road Equipment [I3 CCR § 2421 (a)(32)] - A vehicle or 
equipment that is powered by an off-road compression-ignition engine. 

Particulate Matter (PM) [Glossary] - Any material, except pure water, that exists in the 
solid or liquid state in the atmosphere. The size of particulate matter can vary from 
coarse, wind-blown dust particles to fine particle combustion products. 

Passenaer car [I3 CCR 5 1900 (a)(l2)] -Any motor vehicle designed primarily for 
transportation of persons and having a design capacity of twelve persons or less. 

PM10 [Glossary]- A criteria air pollutant consisting of small particles with an 
G&dynamic diameter less than or equal to a nominal 10 microns (about l/7 the 
diameter of a single human, hair). Their small size allows them to make their way to the 
air sacs deep within the lungs where they may be deposited and result in adverse 
health effects . PM1 0 also causes visibility reduction. For the purposes of this report, 
PM10 has the same meaning as Diesel Particulate Matter. 

Point Source [Glossary]- Specific points of origin where pollutants are emitted into the 
atmosphere such as factory smokestacks. 

Portable [I3 CCR § 2452 (x)] - Designed and capable of being carried or moved from 
one location to another. lndicia of portabilityinclude, but are not limited to, wheels, 
skids, carrying handles, dolly, trailer, or platform. For the purposes of the portable 
engine and equipment program, dredge engines on a, boat or barge are considered 
portable. The engine or equipment unit is not portable,if any of the following are true: 
(1) the engine or equipment unit or its replacement is attached to a foundation, or if 

not so attached, will reside at the same location for more than 12 consecutive 
months. Any engine or equipment unit such as back-up or stand-by engines or 
equipment units, that replace engines(s) or equipment unit(s) at a location, and is 
intended to perform the same or similar function as the engine(s) or equipment 
unit(s) being replaced, will be included in calculating the consecutive time period. 
In that case, the cumulative time of all engines or equipment units, including the 
time between the removal of the replacement engine(s) or equipment unit(s), will 
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be counted toward the consecutive time period; or the engine or equipment unit 
remains or will reside at a location for less than 12 consecutive months, if the 
engine or equipment unit is located at a seasonal source and operates during the 
fuil annual operating period of the seasonal source, where a seasonal source is a 
stationary source that remains in a single location on a permanent basis (at least 
two years) and that operates at that single location at least three months each 
year; or 

(2) the engine or equipment unit is moved from one location to another in an attempt 
to circumvent the portable residence time requirements. 

The period during which the engine or equipment unit is maintained at a storage 
facility is excluded from the residency time determination. 

Portable Equipment Reqistration Proqram (PERP) - A statewide program for the 
registration and regulatibn of portable engines and engine-associated equipment units. 
See 13 CCR § 2450 - 2466. 

Prime Enqine -An engine that is not an emergency standby engine. 

Reasonable Available Control Technoloqv (RACT) - a control technique for limiting 
emissions from existing sources in certain nonattainment areas. RACT determinations 
are developed to aid districts in developing regulations to attain and maintain the state 
ambient air quality standards. RACT determinations help promote consistency among 
control requirements for similar emission sources among districts with the same air 
quality attainment designations. 

Receptor - A resident or offsite worker that is exposed to a air toxic pollutant sources 
emissions. 

Sac Volume - On a fuel injector, the’Sac Volume is the space between needle valve 
and the tip of a fuel injector. 

SCREEN3 Meteorolosical Data - A set of datum chosen to represent the most 
unfavorable meteorological conditions (Le., those resulting in the highest concentration 
estimates) to simulate the worst case scenario. 

Site-Specific Meteoroloqical Data -A minimum of 3 to 5 years collection of 
meteorological data for a specific area as input data for the air dispersion model. 

Soluble Organic Fraction (SOFJ - The soluble organic fraction of diesel particulate 
matter is that portion of diesel PM that consists of the unburned portions of diesel fuel 
and lubricating oil which condense and adsorb on to the sponge-like elemental carbon 
particles. The soluble organic fraction includes extractable compounds such 2s 
aldehydes, alkanes, alkenes, aliphatic hydrocarbons, and polycyclic aromatic 
hydrocarbons and their derivatives- 
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Source Specific Rule - An air pollution control regulation that applies to one category or 
class of air pollution sources (e.g. boilers). An Airborne Toxic Control Measure (ATCM) 
is an example of a Source Specific Rule. 

State Implementation Plan (SIP) {Glossary] -A plan prepared by states and submitted 
to U. S. EPA describing how each area will attain and maintain the national ambient air 
quality standards. SIPS include the technical foundation for understanding the aiY . 
quality (e.g. emission inventories arid air quality monitoring), control measures and 
strategies, and enforcement mechanisms. 

StationarV Enqine - A stationary engine is an engine which is neither portable nor self- 
propelled and is operated at a single facility. 

Sulfate Fraction - The sulfate fraction of diesel particulate matter is that portion of diesel 
PM formed when sulfur dioxide in an engine’s exhaust stream oxidizes to form sulfur 
trioxide which then combines with available moisture to form sulfates. 

Total Suspended Particulate (TSP) [Glossary] - Particles of solid or liquid matter -- such 
as soot, dust, aerosols, fumes, and mist -- up to approximately 30 microns in size. For 
the purposes of this report, TSP has the same meaning as diesel PM. 

Toxic Air Contaminant (TAC) [Glossary] -An air pollutant, identified in regulation by the 
ARB, which may cause or contribute to an increase in deaths or in serious illness, or 
which may pose a present or potential hazard to human health. TACs are considered 
under a different regulatory process (California Health and Safety Code Section 39650 
et seq.) than pollutants subject to CAAQSs. Health effects to TACs may occur at 
extremely low levels, and it is typically difficult to identify levels of exposure which do not 
produce adverse health effects. 

Transit Agencv - A public entity responsible for administering and managing transit 
activities and services. Public transit agencies can directly operate transit service or 
contract out for all or part of the total transit service provided. The definition is 
consistent with that used by the Federal Transit Administration (Staff Report: Proposed 
regulation for a public transit bus fleet rule and emission standards for new urban 
buses, December 10, 1999). 

Transportation Control Measure (KM) [Glossary] - Any control measure to reduce 
vehicle trips, vehicle use, vehicle miles traveled, vehicle idling, or traffic congestion for 
the purpose of reducing motor vehicle emissions. TCMs can include encouraging the 
use of carpools and mass transit. 
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Unit Risk Number [Glossary] - The number of potential excess cancer cases from a 
lifetime exposure to one microgram per cubic meter (p/m3) of a given substance. For 
example; a unit risk value of 5.5x10-6 would indicate an estimated 5.5 cancer cases per 
million people exposed to an average concentration of 1 p/m3 of a-specific carcinogen 
for 70 years. 

Urban Bus - Current California regulations, by reference to the Code of Federal 
Regulations (CFR), Section 86.09J-2, define an urban .bus as a heavy-heavy-duty 
diesel-powered passenger-carrying vehicle (t-33,000 pounds Gvw) with a load capacity 
of 15 or more passengers intended primarily for intra-cityoperation, i.e.,.-within the 
confines of a city or greater metropolitan area. Urban bus operation is characterized by 
short rides and frequent stops. To facilitate this type of operation, more than one set of 
quick-operating entrance and exit doors are normally present. Since fares are usually 
paid in cash or tokens, rather than purchased in advance in the form of tickets, urban 
buses normally have equipment installed for collection of fares. Urban buses are also 
typically characterized by the absence of equipment and facilities for long distance 
travel, e.g., rest rooms, large luggage compartments, and facilities for stowing carry-on 
luggage (Staff Report: Proposed regulation for a public transit bus fleet rule and 
emission standards for new urban buses, December 10, 1999). 

Volatile Orqanic Fraction (I/OF) - The volatile organic fraction of diesel particulate 
matter is that portion of diesel PM that consists of the unburned portions of diesel fuel 
and lubricating oil which condense and adsorb on to the sponge-like elemental carbon 
particles. While similar to the Soluble Organic Fraction, the VOF is determined by a 
different test method. 

Volume Source - Volume source is one of the Industrial Source Complex algorithms 
which is being used to model releases from a variety of industrial sources, such as 
building roof monitors, multiple vents, and conveyor belts. 
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This report summarizes the need for further regulation of stationary and portable 
diesel-fueled engines. 

II. ENGINE CATEGORIES 

A. Stationary Engines 

Stationary diesel-fueled engines were split into two categories: emergency 
standby and prime engines. 

1. Emergency Standby 

Emergency standby engines represent the majority of all stationary engines. For 
all stationary engines, emergency standby applications represent about 70% of the total 
stationary engines. 

The most common use of emergency standby engines is in conjunction with 
generator sets to provide back-up electrical power during emergencies or unscheduled 
power outages. The emergency standby category does not include generators that are 
operated to displace or supplement utility grid power for economic reasons. Engines 
used in this capacity are,considered prime engines and are discussed in the next 
section. Emergency generator engines can range from less than 50 horsepower to over 
6,000 horsepower, depending on the end user’s needs. Emergency standby engines 
are also used with fire pumps as part of fire suppression systems. Engines used in fire 
pump applications are seldom larger than 200 horsepower. 

Typical operation of emergency standby applications average 50 hours annually, 
with most of the hours run for maintenance operations. 

2. Prime Engines 

Prime engines are used in a wide variety of applications, including: 
compressors, cranes generators, pumps (includes agricultural irrigation pumps), and 
grinders/screening units. 

The size and operation of prime engines are highly variable, depending on the 
specific appka!!zr Prtme engines can range in size from about 50 horsepower for an 
engine used WC a screening plant used to sort wood waste, to 2,000 horsepower or 
more for an engl?t generator set that is the main source of power for a facility. Annual 
operation can by as Icw as 100 hours a year for a prime engine driving a compressor to 
several thousand - U (,-JIS a year for an irrigation pump. 
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Engines used in agricultural irrigation operations represent about-213 of the 
engines used in prime applications. Agricultural operations, including irrigation pump 
engines are exempt from district permit requirements and are not currently subject to air 
quality requirements. Agricultural irrigation pump engines can be either stationary or 
portable. For stationary applications, these engines are typically around 
160 horsepower and normally operate between 1,500 to 2,000 hours a year. 

8. Portable Engines 

Portable engines are a subset of the off-road engine category. Portable engines 
are engines that move from location to location, but are not used to propel mobile 
equipment or motor vehicles. 

Portable engines are used in a wide variety of applications. Examples of the use 
of portable engines include: agricultural irrigation pumps; compressors; cranes; 
dredging equipment; ground support equipment at airports; military tactical support 
equipment (TSE); oil well drilling, servicing and workover rigs; pile-driving hammers; 
power generators; rock crushing and screening equipment; welding equipment; and 
woodchippers. The engines used in these activities can range in size from less than 
50 horsepower to in excess of 2,000 horsepower. Similarly, the annual hours of 
operation vary from several hundred hours to several thousand hours. In the case of 
portable agricultural irrigation pump engines, the average horsepower is less than 
100 horsepower and the engines normally operate about 750 hours a year. 

III. SUMMARY OF EXISTING REGULATIONS 

A. Stationary Engines 

This section discusses the air pollution control laws that apply to stationary and 
portable diesel-fueled engines. Health and Safety Code Division 26, Section 40000 
specifies that the Air Resources Board (ARB) has direct responsibility for controlling 
emissions from motor vehicles, and that districts have the responsibility of controlling air 
pollution from all sources other than motor vehicles. 

The discussion of existing regulations in this section covers regufations that are 
currently in effect or control measures committed to in the 1994 State Implementation 
Plan (SIP). Only one measure in the SIP has not been fully implemented. This 
measure affects off-road industrial equipment and targets oxides of nitrogen (NOx) 
emissions. This commitment will be satisfied with the implementation of the Tier IV 
standards for off-road engines. Future revisions to the SIP are likely to result in 
additional control measures being implemented by both districts and ARB, some of 
which may affect diesel-fueled engines. 
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New Source Review Rules 

A new or modified stationary source may be subject to one or more federal, State 
or local air pollution control laws. The federal Clean Air Act established two distinct 
preconstruction permit programs (termed New Source Review (NSR)) governing the 
construction of major new and modifying stationary sources. NSR i’; Intended to ensure 
these sources do not prevent the attainment or interfere with the maintenance of the 
ambient air quality standards. Sources constructing in nonattainment areas are 
required to apply the Lowest Achievable Emission Rate (LAER) control technology to 
minimize emissions and to “offset” the remaining emissions with reductions from other 
sources- Sources constructing in attainment or unclassified areas are required by the 
Prevention of Significant Deterioration (PSD) program to apply the Best Available 
Control Technology (BACT) and meet additional requirements aimed at maintaining the 
region’s clean air. In addition, the Federal Clean Air Act requires all major sources 
subject to federal NSR to obtain federal Title V operating permits governing continuing 
operations. 

The State Health and Safety Code requires districts with nonattainment areas for 
CO, NOx, VOC, and SOx to design permit programs for new and modified stationary 
sources with the potential to emit above specified levels,to achieve no net increase in 
emissions. In these areas, districts must also require Best Available Control 
Technology on new and modified stationary sources above specified emission levels. 

The state Health and Safety Code allows local districts to establish a permit 
system that requires any person who builds, erects, alters, replaces or operates 
equipment or machinery which may cause the issuance of air contaminants to obtain a 
permit from the district. All districts in California have adopted permit programs. 
Generally, the local districts incorporate the State and federal permitting requirements 
into their preconstruction and operating permit programs. Some districts issue separate 
federal permits. Most of the emission control requirements that have been established 
for diesel-fueled engines have been set through the district permitting programs. In 
addition, for particulate matter, nothing restricts the authority of a district to adopt 
regulations to control suspended particulate matter or visibility reducing particles. 

IC Enqine Regulations 

While most districts require some level of control to reduce NOx emrssions from 
new and modified stationary and portable diesel-fueled engines, only twelve districts 
have adopted source specific regulations affecting emissions from existing stationary 
and portable diesel-fueled engines. Engines used in agricultural operations, emergency 
standby applications, and low capacity engines are typically exempt from these 
regulations. All twelve regulations set NOx and carbon monoxide (CO) standards (three 
districts also tiave hydrocarbon (HC) standards). These regulations do not set limits for 
diesel PM emissions. However, South Coast Air Quality Management District 
(SCAQMD) Regulation 1110.2 is projected by SCAQMD staff to result in a number of 
diesel-fueled engines being taken out of service because of the cost of satisfying the 
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Regulation’s NOx standard. Consequently, SCAQMD staff expects ovetall diesel PM 
emissions will be lower in the SCAQMD by the end of 2004. 

Ventura County air pollution control district (APCD) is the only district that has 
adopted a source specific regulation that targets portable engines- -Ventura County 
APCD Rule 74.16 affects only portable engines used in oilfield drilling operations and 
requires, for some drilling activities, the use of electrified drilling equipment. 

Emerqency Standbv Requirements 

In addition to local district regulation of emergency standby engines, there are 
other laws and regulations that affect the use of these engines. Certain types of 
facilities are required by either California law or local regulations to provide for 
emergency lighting and power. Examples of affected facilities include medical facilities, 
prisons, and certain office complexes. For medical facilities, State law requires that the 
equipment providing the emergency lighting and power must be tested at load for 
30 minutes every 7 to IO days. 

Toxic New Source Review 

Currently, four districts have adopted Toxic New Source Review rules and 
approximately 15 districts have policies. A rule is a set of criteria that has been formally 
adopted. A policy is a set of guiding principles that has not been codified into a rule. 
None of these rules or policies was designed to facilitate the permitting of diesel-fueled 
engines. Most of these rules and policies use an approach that incorporates risk levels 
that trigger the installation of Toxic Best Available Control Technology (T-BACT) and 
permit denial. This approach doesn’t work well with diesel-fueled engines, since 
relatively small engines (100 hp) operated for relatively short perjods of time (400 hours 
per year) can pose srgnificant cancer risks. As a result, the ARB; working with districts, 
industry, and envIronmenta groups; has developed a risk management guidance 
document for the permitting of new stationary diesel-fueled engines. 

The Risk Management Guidance for the Permitting of New Stationary Diesel- 
Fueled Engines. September 2000, (Guidance) is the ARB stat% guidance to assist local 
air pollution contra: dstricts and air quality management districts (districts) in making 
risk management decsrons associated with the permitting of new stationary diesei- 
fueled engines that are greater than 50 horsepower. The Guidance identifies minimum 
technology requirements and performance standards for reducing particulate matter 
emissions from new stationary diesel-fueled engines. It identifies engine categories that 
may be approve2 WI:?ZU a site-specific health risk assessment (HRA), provided either 
the minimum tet>n o$zgy requirements or performance standards are met. The 
Guidance also c.s- ,d5ses diesel-specific adjustments that may be used when a site- 
specific HRA IS :cz;;:red 
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The key recommendations in the Guidance are: 

+ Approve permits for Group 1 diesel-fueled engines if they meet the 
appropriate performance standards or minimum technology 
requirements (see Table 1). We anticipate most (90%) new stationary 
diesel-fueled engines will fall in Group 1 based on the current inventory 
and average hours of operation of stationary diesel-fueled engines 
(See Chapter IV). This excludes agricultural engines which are exempt 
from permitting requirements. meeting the appropriate minimum 
technology requirements or performance standards ~711 result in the 
application of the best available control technologies (BACT) and the 
lowest achievable risk levels, in consideration of costs, uncertainty in 
the emissions and exposure estimates, and uncertainties in the 
approved health values. For these engines, a site-specific HRA is not 
required. 

+ Emergency standby engines are not required to meet add-on control or 
very-low sulfur fuel requirements until March 2002, or until the analysis 
supporting the Emergency Standby Retrofit ATCM (see section VI) is 
complete, whichever is sooner. ARB staff will use the additional time 
to determine if there are any technical issues that may limit the 
application of catalyst-based control technologies on emergency 
stand by engines. 

+ Require a site-specific HRA prior to approval of diesel-fueled engines 
that fall within the Group 2 category; basically engines operated over 
400 hours per year (see Table 1). We anticipate relatively few (10%) 
new non-agricultural stationary diesel-fueled engines will fall in Group 
2 based on the current inventory and average hours of operation of 
stationary diesel-fueled engines (See Chapter IV). Because of the 
potential elevated risk associated with Group 2 engines, we believe a 
site-specific health risk analysis (HRA) is appropriate prior to making a 
permitting decision. If the HRA estimates a potential cancer risk 
greater than or equal to of 10 chances in a million, we suggest the 
district review additional site-specific information; e.g., site specific 
design considerations, location of sensitive receptors, and alternative 
technologies or fuels; before making a permitting decision. This 
information should be summarized in a Specific Findings (SF) Report. 
We further recommend the public be provided the opportunity to review 
and comment on the proposed permit action.’ The APCO would 
consider the public’s comments in making the final permitting decision. 
We believe an upper level risk level would be too restrictive, not 
allowing for the approval of sources with well-controlled diesel-fueled 
engines that perform critical functions (i.e., emergency power 
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generation) or for which there is no economically or technically feasible 
substitute. 

+ For Group 2 engines, conduct risk assessments consistent with the 
California Air Pollution Control Officers Association (CAPCOA), Air 
Toxics “Hot Spots” Program, Revised 1992 Risk Assessment 
Guidelines (Risk Assessment Guidelines), dated October 1993’, and 
the risk assessment guidance presented in the Guidance. Use diesel 
PM as a surrogate for all toxic air contaminant emissions from diesel- 
fueled engines when determining the potential cancer risk and the 
noncancer chronic hazard index for the inhalation pathway. 

+ Estimate risk using the Scientific Review Panel’s (SRP) recommended 
unit risk factor cf 300 excess cancers per million per microgram per 
cubic meter of diesel PM [3 x 104(pg/m3)-‘1 based on 70 years of 
exposure.2 

+ Consider the need for the project in addition to the uncertainty in the 
risk assessment information when making risk management decisions. 

’ The Office of Environmental Health Hazard Assessment (OEHHA) is currently revising the CAPCOA 
Risk Assessment Guidelines. It is expected that districts will use the OEHHA risk assessment 
guidelines when completed later this year (2000). 

2 For Group 2 engines, the Specific Findings Report should also report the full range of potential cancer 
risk using the range of unit risk factors (URF) identified by the SRP; 330 to 2400 excess cancers per 
million per microgram per cubic meter of diesel particulate matter. The URF of 3 x 1 Od (pg/m3)-’ is 
commonly expressed as 300 excess cancers per million per microgram per cubic meter of diesel 
particulate matter. 
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Table 1: Permitting Requirements for New Stationary Diesel-Fueled Engines 

Minimum Technology Requirements 

‘. IS0 8178 test procedure IAW California Exhaust Emission Standards and Test Procedures for New 

*. 
1996 and Later Off-Road Compression-Ignition Engines, May1 2, 1993. 
The emergency standby engine category is valid until March 2002, or until the analysis supporting the 
Emergency Standby Retrofit ATCM is complete, whichever is sooner. At that time, emergency 
standby engines will be required to meet the Al/ Other Engine >50 hp requirements. New emergency 
standby engines must be “plumbed” to facilitate the installation of a catalyst-based DPF at a later 
date. 

3. The annual hours of operation for emergency standby engines include the hours of operation for 

4. 
maintenance and testing runs only, and do not include emergency operation hours. 
Very low sulfur (( 15 ppmw) CARB diesel or equivalent is only required in areas where the district 
determines it is available in sufficient quantities and economically feasible to purchase. CARB diesel 
is required to be used in all other areas. 

AB 2588 “Hot Spots” information and Assessment Act 

The Air Toxics “Hot Spots” Information and Assessment Act (Assembly Bill (AB). 
2588) was enacted in September 1987 (Health and Safety Code 4430044394). 
AB 2588 requires and quantities of certain substances their facilities routinely release 
into the air. Emissions of interest are those that result from the routine operation of a 
facility or that are predictable, including but not limited to continuous and intermittent 
releases and process upsets or leaks. 

The goals of the Air Toxics “Hot Spots” Act are to collect emissions data, to 
identify facilities having localized impacts, to ascertain health risks, and to notify nearby 
residents of significant risks. In September 1992, the “Hot Spots” Act was amended by 
Senate Bill (SB) 1731 to address the reduction of significant risks. The bill requires 
owners of significant-risk facilities to reduce their risks below the level of significance. 

II -7 



70 
DRAFT - DO NOT CITE OR QUOTE 

AB 2588 requires that toxic air emissions from stationary sources (facilities) be 
quantified and compiled into an inventory according to criteria and guidelines developed 
by the ARB, that each facility be prioritized to determine whether a risk assessment 
must be conducted, that the risk assessments be conducted according to methods 
developed by the Office of Environmental Health Hazard Assessment (OEHHA), that 
the public be notified of significant risks posed by nearby facilities, and that emissions 
which result in a significant risk be reduced. Since the amendment of the statute in 
1992 by enactment of SB 1731, facilities thatpose a potentially significant health risks 
to the public are required to reduce their risks, thereby reducing the near-source 
exposure of Californians to toxic dir pollutants. Owners of facilities found to pose 
significant risks by a district must prepare and implement risk -reduction audit and plans 
within 6 months of the determination. 

AB 2588 requires the ARB to compile and maintain a list of substances posing 
chronic or acute health threats when present in the air. The Air Toxics “Hot Spots” Act 
currently identifies by reference over 600 substances which are required to be subject to 
the program. The ARB may remove substances from the list if criteria outlined in the 
law are met. A facility is subject to AS 2588 if it: (A) manufactures, formulates, uses, or 
releases a substance subject to the Act (or substance which reacts to form such a 
substance) and emits 10 tons or more per year of total organic gases, particulate 
matter, nitrogen oxides or sulfur oxides; (2) is listed in any district’s existing toxics use or 
toxics air emission survey, inventory or report released or compiled by a district; or 
(3) manufactures, formulates, uses, or releases a substance subject to the Act (or 
substance which reacts to form such a substance) and emits less than 10 tons per year 
of criteria pollutants and is subject to emission inventory requirements. 

Guidance documents are currently available for conducting emission inventories, 
facility prioritizations, risk assessments, and public notifications. ARB developed the 
Emission Inventon/ Criteria And Guidelines for conducting emission inventories, while 
CAPCOA developed the Facilitv Prioritization Guidelines, Risk Assessment Guidelines, 
and the Public Notification Guidelines. In August 1998, the AR6 approved the listing of 
diesel PM as a Toxic Air Contaminant (TAC) and the SRP conclusion that a value of 3 x 
1 o-4 (ug/m3)-’ is a reasonable estimate of unit risk from diesel-fueled engines. Now that 
a unit risk factor has been approved, districts are required to reevaluate the 
classification of facilities subject to the “Hot Spots” program, specified in Health & 
Safety Code section 44320, operating stationary diesel-fueled engines. 

After reevaluating the AB 2588 program as it pertains to diesel-fueled engines, 
AR5 identified four main issues with the current program. ARB has also committed to 
reevaluate the current guidance documents and create a separate A8 2588 guidance 
document for diesel-fueled engines. 

The first issue with the current AB 2588 program is reevaluating the 3,000 gallon 
per year exemption A6 2588 currently exempts diesel-fueled engines that burn less 
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than 3,000 gallons per year. ARB intends to evaluate the impact of that’ exemption level 
in light of the new unit risk factor for diesel PM emissions. 

The second issue with the current AB 2588 program is the inventory of prime 
diesel-fueled engines. 

Another issue includes requiring emergency standby engines to be inventoried. 

The final issue regarding the current AB 2588 program, is whether or not 
agricultural engines should be inventoried. 

In summary, the Air Toxics “Hot Spots” Act establishes a formal air toxics 
emission inventory risk quantification program for districts to manage. The goal of the 
Air Toxics “Hot Spots” Act is to collect emissions data indicative,of routine-predictable --- . 
releases of toxic substances to the air, to identify facilities having localized impacts, to 
evaluate health risks from exposure to the emissions, to notify nearby residents of 
significant risks, and, due to SB 1731, reduce risk below the determined level of 
significance. Information gathered from this program has complemented the ARB’s 
existing toxic air contaminant program by locating sources of substances that were not 
under evaluation and by providing exposure data needed to develop regulations for 
control of toxic potlutants. Additionally, the program has been a motivating factor for 
facility owners to voluntarily reduce their facility’s toxic emissions. 

B. Portable Engines 

A portable engine undergoing permit review by a local district is subject to the 
same NSR requirements discussed in the previous section. In addition, there are two 
other programs affecting portable engines. These programs include emission standards 
for newly manufactured off-road engines and the Statewide Portable Equipment 
Registration Program. These programs are important components of district and ARB 
efforts to attain the State and federal ozone standards. Consequently, the focus of both 
programs has been to reduce emissions of NOx, and to a lesser extent reduce 
emissions of CO, HC, and PM. 

1. ARB /U.S. EPA Off-Road Standards 

As discussed previously, portable engines are a subset of the off-road engine 
category. As such, newly manufactured portable engines are subject to the 
ARB / U.S. EPA standards for newly manufactured off-road engines. Any regulation 
affecting off-road engines is also subject to certain federal prohibitions and regulatory 
requirements, including limitations on the ability of the State and local districts to adopt 
standards or other requirements relating to the control of emissions from off-road 
engines. These issues are discussed in greater detail in Appendix Ill. 
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Statewide Portable Equipment Program 

The Statewide Portable Equipment Registration Program allows for the 
registration and regulation by ARB of portable engines and portable equipment units. 
Once registered, such engines and equipment may operate throughout California 
without the need to obtain individual permits from local air pollution control districts. For 
most portable engines and portable equipment units, the Statewide Registration 
Program is voluntary. The owner of the portable equipment has the- choice of either 
participating in the Statewide Registration Program or getting permits from the tocal air 
districts. About 12,000 registrations have been issued by ARB, including about . 
5,000 pieces of military TSE. Districts are-preempted from permitting, registering; or I- 
otherwise regulating portable engines and portable equipment units registered--with.the: .. 
ARB. However, districts are respansib!e for .enforcing the requirements of the Statewide 
Registration-Program. 

To be registered in the Statewide Registration Program, engines must meet 
certain emission standards or have specific emission control equipment installed. A 
major element of the Statewide Registration Program is the reduction and eventual 
elimination of high-emission engines. After January 1, 2010, all existing portable 
engines not previously meeting post-l 996 California or federal standards must meet the 
applicable California or federal emission standard. 

C. Agricultural Irrigation Pump Engines 

Section 4231 O(e) of the Health and Safety Code prohibits districts from requiring 
a permit for any equipment used in agricultural operations in the growing of crops or the 
raising of fowl or animals. Consequently, irrigation pump engines have never been 
subject to district permitting programs. 
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IV. EMISSION INVENTORY 

This section characterizes, in detail, current and year 201 O-projected diesel PM 
emissions from stationary and portable diesel-fueled engines. The last portion of the 
section discusses the trend in diesel PM emissions from 1990 through 2020. 

A. Stationary Engines 

In its report on the proposed identification of diesel PM as a TAC, ARB staff used 
information from the ARB 1993 emissions inventory as the basis for estimating the 
emissions of diesel PM from diesel-fueled engines. To develop information for the Risk 
Management Plan, we have performed a more detailed inventory of diesel engines. 
We began our effort using the most current inventory, which was the ARB 1996 
emissions inventory. 

For stationary engines, the 1996 emissions inventory includes estimates for 
engines located at stationary sources and area-wide estimates for engines not 
otherwise identified with a stationary source. The 1996 inventory identified about 
2,000 engines operated at stationary sources. Area-wide estimates were based upon 
methods that are not engine specific, such as total fuel usage for a geographical area. 

By comparison, recent staff estimates, based largely on the number of engines 
permitted by districts, suggest there are over 16,000 stationary engines Statewide. 
For discussion purposes, if we assume that area-wide estimates account for two to 
three times the number of engines identified at stationary sources, then the number of 
stationary engines appears to be underrepresented in the 1996 emissions inventory. 
In the case of agricultural irrigation pump engines, the 1996 inventory contained 
estimates for only two districts Statewide. 

For the above reasons, staff is not basing estimates for stationary engines on the 
information contained in the 1996 ARB emissions inventory. The following 
methodologies were used to develop. inventory estimates for stationary engines. 

1. Emission Inventory Methodology 

a. Current Emissions 

Estimates of emissions for stationary engines are based on average engine 
characteristics for each category or sub-category of diesel-fueled engine and the 
number of these engines, by category, within each district. Stationary source emission 
estimates for engines rated at less than 50 horsepower are not included because staff 
assumes that the majority of engines in this size range are used in portable 
applications 

The population of engines was estimated using a number of data sources, 
depending upon the category or sub-category. For emergency standby engines, where 

II-II 



74 
DRAFT - DO NOT CITE OR QUOTE 

available, the population estimate is based on information provided by local districts. 
Where this information was not available (some districts do not permit emergency 
standby engines), the number of engines was extrapolated using the engine population 
estimates provided by districts that permit emergency standby engines and 
1998 Census Bureau population estimates. Except for agricultural irrigation pump 
engines, a similar procedure was used for estimating the number of prime engines. 
Population estimates for agricultural irrigation pump engines are based largely upon the 
National Agricultural Statistics Service (NASS) 1994 Farm And Ranch lrriqation Survev. 
The NASS estimate is based on a statistical sampling of farms nationally, including 
farms in California. 

Engine characteristics such as horsepower ranges, annual hours of operation, 
and average operating load also vary depending on the category or sub-category of 
stationary engine. For, both emergency standby and prime engines, these 
characteristics are based on information provided by local districts. For stationary 
agricultural irrigation pump engines, estimates for average horsepower size and annual 
hours of operation are based upon applications filed with the Carl Moyer Program for 
the repowering of agricultural irrigation pump engines. 

In developing emission factors for engines used in stationary applications, staff 
used the diesel PM emission factors used for the off-road engine emissions inventory. 
There should not be a significant difference in emissions from an engine based on its 
application. These emission factors are identified in the ARB staff report: Public 
Meetinq to Consider Approval of California’s Emission Inventon/ for Off-Road Lame 
Compression-lqnited Enqines (~25 horsepower) (January 2000). Emission factors used 
in the off-road inventory vary depending on the date of engine manufacture and the 
horsepower rating of the engine. Staff assumed that all existing stationary diesel-fueled 
engines emit diesel PM at levels consistent with engines manufactured prior to 1988. 

b. 2010 Emissions 

Emission estimates for the year 2010 were developed using growth/reduction 
factors and the diesel PM emission rates for new off-road engines. 

In general, engines used in prime and emergency standby applications are 
expected to increase in total number consistent with the expected increase in the 
general population. One exception is for prime engines operated within the SCAQMD. 
For these engines, staff anticipates a reduction in the total number of stationary engines 
due to the implementation of SCAQMD Regulation 1110.2, Emissions from Gaseous- 
and Liquid-Fueled Internal Combustion Engines- 

In the case of agricultural irrigation pump engines, irrigated acreage is expected 
to decrease over time. The last three Census of Agriculture Reports, prepared by 
United States Department of Agriculture (the census is conducted every five years, with 
the most recent census prepared for the year 1997), indicate a general trend of 
declining number of acres being farmed. To account for this trend of declining farmland, 

II - 12 



75 
DRAFT - DO NOT CITE OR QUOTE 

staff is assuming that the number of agricultural irrigation pump engines decrease at a 
rate of 0.5% annually. 

To estimate emissions from the 2010 engine population, staff assumed that new 
and replacement stationary engines would emit at levels at least as low as those 
required of newly manufactured off-road engines meeting Tier I California emission 
standards. 

C. Statewide Diesel PM Emissions: 1990 and 2020 

The methodology used to estimate 1990 and 2020 diesel -PM emissions is 
consistent with the methodology used to estimate the diesel PM emissions for 2000 and 
2010. The 1990 emission inventory was.backcast from the 2000 inventory, and the 
2020 emission inventory was forecast from the 2010 inventory. 

2. Estimates for Current Emissions 

Estimates for current NOx and diesel PM emissions from all stationary diesel- 
fueled engines are presented in Table 2. The table lists, for each air basin, the number 
of emergency standby, prime and total stationary engines that are rated at 
50 horsepower and greater and the associated annual NOx and diesel PM emissions 

Table 2: 
Stationaiy Diesel-Fueled Engines 

Current NOx and Diesel PM Emission Estimates 

Sacramento Valley 544 148.8 7.5 1294 1,698 79 1,838 1,846.8 86.5 

San Diego 877 214.2 10.7 101 176.1 9 978 390.3 19.7 

,San Francisco 2,021 490.2 24.5 313 I 500.7 25.5 2,334 990.9 50 
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(tons per year) for each category. A map showing the air basin boundaries and the 
districts within each air basin is included in Appendix II-A. 

About 70% of the stationary diesel-fueled engines are used in emergency 
standby applications. Because of the low operating hours for emergency standby 
engines, this category only accounts for approximately 25% of the total diesel PM 
emissions from all diesel-fueled stationary engines. However, most of these emissions 
are concentrated in air basins with large urban areas. For example, approximately half 
of the total emergency standby engines are located within the South Coast air basin and 
80% are located within four air basins: San Francisco, San Diego, San Joaquin Valley . 
and South Coast. 

Prime engines account for 75% of the total diesel PM emissions from all diesel- 
fueled stationary engines. Nearly half of the emissions originate within the San Joaquin 
Valley air basin and two thirds of the total emissions originate within San Joaquin Valley 
and Sacramento Valley air basins. Both air basins have large areas of farmland 
irrigated with agricultural irrigation pump engines- Overall, engines used in agricultural 
irrigation operations represent about 70% of the total number of engines used in prime 
applications (and 50% of all diesel PM emissions from stationary engines). 

For prime engines not used in agricultural irrigation operations, more than 
70% are located within the San Francisco, San Diego, San Joaquin Valley and South 
Coast air basins. In terms of horsepower rating, 60 percent of the total non-agricultural 
engines used in prime applications are less than 175 horsepower, and over 90% of the 
total non-agricultural engines are less than 750 horsepower. 

Table 3 provides a breakdown of the emissions from engines used in prime 
applications that would fall into low use or high use. High use is defined as an engine 
operating in excess of 500 hours annually. The table indicates that in excess of 90% of 
the emissions are emitted from high use engines. For non-agricultural prime engines, 
the high use engines represent less than 25% of the total number of non-agricultural 
prime engines, but emit in excess of 80% of the total emissions from these engines. 
High use agricultural engines account for more than 90% of the total number of 
agricultural engines and 98% of the total emissions for this sub-category. 

II - 14 



DRAFT - DO NOT CITE OR QUOTE 
77 

Table 3: 
Diesel PM Emissions for Stationary 

Prime Engines, Based on Annual Usage 

I , , 

Non-agricultural Prime Engines 

Low Use 1,037 19.6 
High Use* 325 85.1 

Agricultural Engines 

Low Use 
High Use 

281 6.4 
3,161 311.5 

*High use operate in excess of 500 hours annually 

3. Estimates for 2010 Emissions 

Table 4 provides inventory estimates for NOx and diesel PM emissions from 
stationary engines, by category, for the year 2010. The overall diesel PM emissions in 
the year 2010 from stationary engines is expected to be IO percent lower, even though 
the total number of engines increases by about 3 percent. This is due to an anticipated 
decrease in the number of agricultural irrigation pumps and engines subject to 
SCAQMD Regulation 1110.2 for reasons noted earlier, and the replacement of older 
engines with new cleaner engines. 
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Table 4: 
Stationary Diesel-Fueled Engines Diesel PM and NOx 

Emission Estimates for 2010 

B. Potible Engines 

On January 28,2000, the ARB Board approved a revised emissions inventory for 
large off-road compression-ignited engines using the Off-Road Emissions Model. 
Staffs inventory, as approved by the Board, is presented in the ARB staff report, Public 
Meetinq to Consider Approval of California’s Emission Inventor-v for Off-Road Larqe 
Compression-lqnited Enqines (>25 horsepower) (January 2000). This report 
establishes emission estimates for engines rated at 25 horsepower and larger used in 
off-road applications. Portable engine estimates ,are.included in the report for 
agrkultural irrigation, commercial, construction, dredging, drilling, and military tactical 
support activities. Portable engine emission estimates for years 2000 and 201 Q are 
summarized in the following sections. 

1. Current Emissions 

Table 5 summarizes both current (2000) and future year (2010) population and 
emission estimates for NOx and Diesel PM from portable diesel-fueled engines. The 
estimates for 2010 are discussed in the next section. 
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Table 5: 
Portable Diesel-Fueled Engines Diesel PM 

Emission Estimates for 2000 and 2010 

Staff estimates that there are currently 49,234 portable diesel-fueled engines 
operating Statewide with emissions of approximately 1,442 tons per year of diesel PM. 
Included in the count of portable engines are engines associated with cranes and 
bore/drilling equipment (drilling equipment tha: is not associated with oil and gas field 
activities). 

Table 5 lists engine population and emission estimates by air basin. Because of 
the movement of portable engines between districts, the estimates given for the number 
of engines per air basin represent an average number of engines at any given time. By 
location, most of the State’s portable diesel-fueled engines operate within the 
Sacramento Valley (9%), San Diego (7%) San Francisco Bay Area (23%), San Joaquin 
Valley (14%), and South Coast (32%) air basins. Approximately 85% of the diesel PM 
emissions from portable diesel-fueled engines originate in these five air basins. 

Unlike the population estimates for stationary engines, the 49,234 portable 
engines also include engines rated between 25 and 50 horsepower. Engines in this 
size range represent about 27% of the total number of portable engines, but emit less 
than 10% of the total diesel PM from portable engines. For engines greater than 
50 horsepower, 62% are rated between 51 and 175 horsepower and the remaining 
11% are greater than 175 horsepower. Engines rated between 51 and 175 horsepower 
account for approximately 57% of the total emissions from portable diesel-fueled 
engines. 

II - 17 



80 
DRAFT - DO NOT CITE OR QUOTE 

By type of equipment, engines used to drive compressors, generate power, drive 
pumps, and power welding equipment account for over 75% of the total number of 
portable diesel-fueled engines. This type of equipment is a mainstay for the 
construction and rental equipment industry, but is used in most industries. Other major 
categories using portable engines include agricukural irrigation (8%), oil and gas well 
drilling and servicing (3%) and military TSE (5%). 

Most portable engine applications involve engines used for short-term activities 
that occur at various locations. However, certain types of facilities have regular activity 
involving portable equipment driven by diesel-fueled engines. Examples of such 
facilities and the type of equipment include: aircraft ground support equipment at major 
airports, dredging equipment at harbors and other navigable waterways, dedicated 
sorting and waste reduction equipment (crushers and grinders) at landfills, TSE 
associated with military bases, and oil and gas well drilling and servicing at oil and gas 
fields. 

2. 2010 Emissions 

Population and diesel PM emission estimates shown in Table 5 indicate that the 
overall population of portable diesel-fueled engines will increase by 9% by the year 
2010. Although the number of engines is expected to increase, diesel PM emissions 
are expected to decrease by about 25% during this period. This reduction in emissions 
is due to older higher emitting engines being replaced with new lower emitting engines. 

The greatest reduction in diesel PM emissions is expected from engines larger 
than 175 horsepower. Emissions from engines larger than 175 horsepower are 
expected to be reduced by 58% between 2000 and 2010 due to engine replacement or 
retrofit. 

c. Statewide Diesel PM Emissions: 1990 to 2020 

Table 6 provides an estimate of the diesel PM emissions from prime, emergency 
standby, and portable engines for the period 1990 through 2020 based upon full 
implementation of all existing regulations. In general, emissions from stationary diesel- 
fueled engines remain relatively steady while emissions from portable diesel engines 
exhibit a significant decrease. This reduction is due to the lifecycle replacement of older 
engines with new, low emission engines- 
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Table 6: Statewide Estimates of Diesel PM Emissions for 1990 Through 2020 

2000 4,804 423 11,344 138 49,234 1,442 

2010 4,395 359 12,279 143 53,593 1,099 

2020 1 4,400 I 350 I 13,200 I 149 I 55,225 I 665 u 

V. CONTROL TECHNOLOGY OPTIONS AND ASSOCIATED IMPACTS 

This chapter addresses the composition and formation of diesel PM, and 
provides a general discussion of the options that are available to reduce these 
emissions. Included are staffs evaluations of the available control options, including a 
discussion of the applicability, potential emission reduction, costs, and any 
environmental impacts. 

A. Diesel PM Emissions 

To understand the applicability and. efficiency of the various control options 
available for diesel-fueled engines, an understanding of the constituents of diesel PM is 
necessary. Diesel PM consists of both solid and liquid material and can be divided into 
three main components: the elemental carbon fraction; the soluble organic fraction; and 
the sulfate fraction. The majority of diesel PM (i.e., 98%) is smaller than IO microns in 
diameter, and therefore, references to total suspended particulate (TSP), diesel PM, 
and particulate matter less than 10 micron (PM,o) should be considered synonymous. 

The elemental carbon fraction ‘(ECF), also known as the carbonaceous fraction 
or soot, is formed within the combustion chamber and consists of the carbon residue 
resulting from the incomplete combustion of the individual atomized fuel particles 

The soluble organic fraction (SOF) consists of unburned portions of diesel fuel 
and lubricating oil which condense and adsorb onto the ECF. Both constituents are 
included in the determination of diesel PM mass. In addition, several components of the 
SOF have been identified as individual toxic air contaminants, including: dibenzofurans3 
and naphthalene4. 

: Mills, G.A. Ph.D. Thesis, University of Southamption, 1983 
“Demonstration of Advanced Emission Control Technologies Enabling Diesel Powered Heavy-Duty 
Engines to Achieve Low Emikion Levels - Final Report” Manufacturers of Emission Controls 
Association. 1999 
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Finally, sulfate particles are formed from sulfur, in the diesel fuel. ‘Nearly all of the 
diesel fuel sulfur reacts with oxygen within the engine to form sulfur dioxide (S02). A 
small percentage of SO2 is further oxidized to form sulfur trioxide (SO37 which then 
combines with available moisture to form sulfuric acid that ultimately reacts to form 
sulfates. These sulfate particles are included in the determination of diesel PM mass. 
(As discussed later, catalyst-based control technologies increase the oxidation of SO2 
to SO3- and thus increase the formation of sulfate particles.) 

B. Control Techniques 

1. Introduction 

There are a number of technologies that are available to reduce diesel PM from 
diesel-fueled engines. These technologies can be categorized as engine design 
changes, exhaust treatments, or fuel additives. There are also alternative strategies for 
reducing diesel PM, such as replacing an existing diesel engine with a newer, cleaner 
burning diesel engine, an alternative fuel engine, or via electrification. Finally, while the 
focus of this chapter is the evaluation of control options to reduce diesel PM, the impact 
on other regulated pollutants, such as NOx emissions, will also be addressed. 
Diesel-fueled engines are a major source for NOx emissions, and for many districts, 
they are a category targeted for NOx emission reductions. 

Staff expect that many of the technologies described in the following sections can 
be combined to achieve higher diesel PM control efficiencies or reductions of other air 
pollutants. 

a. Engine Design Changes 

The formation of diesel PM can be minimized by improving the mixing of air and 
fuel within the combustion chamber. This can be accomplished by increasing fuel 
injection pressures, by using fuel injectors with low sac volumes and by improving the 
design of the combustion chamber itself. Higher fuel injection pressures increase the 
atomization of the fuel droplets and encourage better mixing within the combustion 
chamber. Low sac volume fuel injectors limit the amount of fuel that drips into the 
combustion chamber at the end of the fuel injectors injection cycle, thereby minimizing 
the amount of unatomized fuel within the combustion chamber. Examples of 
improvements to combustion chamber design include a reentrant bowl on top of the 
piston, or modifications to improve air swirl and air to fuel mixing within the chamber. 
Because of the limited amount of information available on these technologies, they will 
not be addressed further in this report. We will, however, continue to collect information 
on these technologies. 

In addition to the engine design changes referenced above, there are several 
engine retrofit technologies which reduce diesel PM by other means. One engine 
retrofit technology helps reduce diesel PM and NOx emissions by reducing peak 
combustion temperatures, Another retrofit technology converts a diesel-fueled engine 
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to operate on a mixture of diesel and a variety of gaseous fuels, such as natural gas. 
The latter two technologies will be discussed further in Section V.B.2.a. 

Finally, injection timing retard is being used as a cost effective measure to 
reduce NOx emissions. However, there is considerable anecdotal. information on 
increased particulate emissions and reduced performance when timing retard has been 
applied. While ARB staff have not received emission test data that support these 
claims, staff recognizes that this strategy likely increases diesel PM emissions, and the 
impact of this strategy needs to be considered in efforts to develop airborne toxic control 
measures (ATCM). 

b. Exhaust Treatment 

Exhaust treatment devices include diesel oxidation catalysts (DOC) and diesel 
particulate filters (DPF). DOCs oxidize carbon ,monoxide and hydrocarbon emissions, 
including the SOF, to form carbon dioxide and water. DPFs physically trap and collect 
diesel PM with high efficiency, but must be periodically “cleaned” to remove the 
collected diesel PM. This cleaning process is referred to as regeneration. DPFs can 
incorporate either active or passive regeneration techniques. 

The NOxTECH emission control system and the SlNOx system reduce CO, NOx, 
PM, and HC. The NOxTECH emission control system achieves the emission reduction 
,through non-catalytic oxidation, and it has been used on stationary diesel-fueled 
engines primarily for NOx emission reduction. The SlNOx selective catalytic reduction 
(SCR) system employs a proprietary base metal catalyst designed specifically for diesel 
engines and has been used on mobile, portable, and stationary engines. 

Each of these exhaust treatment technologies is discussed further in 
Section V. B.2. b. 

C. Fuels 

In addition to applying a catalyst material directly to a substrate or filter element, 
the catalyst material can be introduced into the fuel, and is known as a fuel-borne 
catalyst (FBC). Examples of typical FBC material include platinum, cerium, and iron. 
FBCs may inhibit the formation of diesel PM by increasing the combustion efficiency of 
the engine or they can reduce the temperature at which diesel PM oxidizes. While 
FBCs can be used alone, FBCs are more effective at reducing diesel PM when 
combined with other exhaust treatment devices, especially DPFs. FBCs must receive 
U.S. EPA approval when introduced to diesel fuel intended for on-highway applications. 
FBCs are also discussed in Appendix IV. 

’ 

d. Alternative Strategies 

There are alternatives to engine modification and control techniques that are 
viable strategies for reducing diesel PM. These alternatives include repowering and 
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electrification. Repowering involves replacing an older engine with either a new, 
cleaner burning diesel engine or an engine using an alternative fuel such as natural gas 
or propane. Electrification refers to replacing the power provided by diesel-fueled 
engines with electricity provided by a utility. Because most of the power obtained by 
utilities is either hydroelectric or based on the use of natural gas (with minimal PM 
emissions), this option would eliminate diesel-fueled PM emissions and lead to an 
overall reduction in diesel PM. 

2. Evaluation of Control Technologies 

This section summarizes-information for many diesel PM control technologies. 
(See Appendix IX for a list of the technologies reviewed.) Because emission test 
information was deemed.essential for a thorough evaluation of the diesel PM control 
technologies, no evaluation was performed where the technology proponent did not 
provide adequate emission test information. Consequently, a number of po’tentially 
viable technologies are not included in the following discussion. A detailed technical 
evaluation of each diesel PM control technology, including a summary of the available 
emission test information, is also included in Appendix IX. 

Table 7 provides a summary of basic information on the control efficiency and 
annualized costs for each technology evaluated. The control efficiency is based on the 
available emission test information. The annualized costs, which are presented for 
comparative purposes only, are estimated based on a manufacturer survey of the 
current retail price, 500 hours per year operation, a maximum economic life of 10 years 
and a 9% interest rate. Staff anticipates that the costs will decline over the next few 
years as production volumes increase. 

For example, the Manufacturers of Emission Controls Association (MECA) 
projects that with a production volume of 200,000 units per year, the cost of a DPF 
system will range from $625 to $2,250 for an engine with a displacement of between 7 
and 13 liters. This represents an 80% decrease from the average current retail costs 
presented by particulate filter system manufacturers. Oetailed cost calculations are 
presented in Appendix II-B. 

The technologies are also categorized into one of three ranks depending on their 
diesel PM control efficiency. A technology is ranked as a high efficiency technology 
where the available emission test information demonstrates a control efficiency of at 
least 70%. A technology is ranked as a moderately efficient technology where the 
available emission test information demonstrates a control efficiency of more than 30%, 
but less than 70%. A technology is ranked as a low efficiency technology if the 
available emission test information demonstrates a control efficiency of 30% or less. 
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Table 7: 
Comparative. Annualized Costs of Diesel PM Control Technologies’ 

$6,670 - $10,980 

* When combined with very low sulfur diesel fuel. 

5 The comparative annualized costs assume 500 hours per year of operation, a maximum economic life of 10 years and a 9% rate of return. The 
values in () represent cost savings. 03 

u-l 
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a. Engine Design Changes 

Cam Shaft Cylinder Reenqineerinq Kit 

The Clean Cam Technology Systems (CCTS) technology consists of specific 
engine retrofit components, including a proprietary cam shaft, and reduces NOx 
emissions by increasing the volume of exhaust gas that remains in the combustion 
chamber after the power stroke. Within the combustion chamber, the residual exhaust 
gas absorbs heat and reduces the peak combustion temperature, which results in lower 
NOx emissions. The injection timing can then be adjusted (i.e. advanced) on some 
engines to maximize PM emission reductions, or it can be varied to achieve the desired 
balance of NOx vs. PM. The technology has been certified through the ARB’s 
Equipment and Process Certification Program. 

1. Applicability 

The CCTS technology is commercially available.for certain Detroit Diesel 
Corporation two stroke engines. The technology can be applied to stationary, portable 
and mobile diesel engines, and can be retrofitted to existing diesel engines. CCTS has 
been installed in more than 306 portable diesel engines used in oil well drilling and in 
more than 1,250 urban bus engines as part of the federal Urban Bus Retrofit / Rebuild 
Program. 

2. Particulate Emission Reduction Efficiency 

Based on a review of the available emission test information, the installation of 
the Cam Shaft Cylinder Reengineering Kit results in a diesel PM reduction of 25 to 
66 percent, although the specific reduction efficiency depends on the engine being 
retrofitted. These resujts qualify the technology as a low to moderate efficiency diesel 
PM control technology. 

3. Environmental Impacts 

In addition to reducing diesel PM, the technology also reduces NOx and CO 
emissions, and it may reduce HC emissions. Engines retrofitted with this technology 
may incur a fuel penalty of between zero and twelve percent depending on the engine 
model and rebuild configuration. 

ECOTIP Superstack Fuel lniectors 

Th,e Ecotip Superstack fuel injector, in comparison to a standard injector, has a 
reduced sac volume and a more consistent fuel injection pressure. The replacement of 
existing injectors with the ECOTIP product should improve combustion and reduce 
diesel PM emissions by minimizing the amount of unatomized fuel that drips into the 
combustion chamber at the end of the chamber’s fuel injection cycle. 
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I. Applicability 

The technology is commercially available for stationary, portable and mobile 
diesel engines manufactured by General Motors Electra-Motive Division (EMD) and 
Detroit Diesel Corporation (DDC). For EMD engines, mechanical fuel injectors are 
available as Original Equipment Manufacturer (OEM) products and electronic fuel 
injectors are available as replacement products. For DDC engines, both mechanical 
and electronic fuel injectors are available as replacement products. The technology has 
been installed in about 2,000 engines primarily in the locomotive service. 

2. Particulate Emission Reduction Efficiency 

Based on the available emission test information, the product reduces diesel PM 
by 7% for ,DDC Engines. These results qualify the technology as a low efficiency diesel 
PM control technology. The ARB has not received emission test information for EMD 
engines. 

3. Environmental impacts 

One series of steady-state emission tests show that the fuel injectors increase 
hydrocarbon emissions by up to 15%. 

ITG Bi-Fuel Conversion Kit 

The technology involves retrofitting existing diesel engines to operate on a 
mixture of diesel fuel and a variety of gaseous fuels, such as pipeline quality natural 
gas, liquefied natural gas, compressed natural gas, digester gas, etc. The 
supplemental gaseous fuel is mixed with combustion air before being introduced into 
the engine’s charge air system. This process is referred to as fumigation. Within the 
combustion chamber, the diesel fuel serves as a pilot ignition source for the gaseous 
fuel. The gaseous fuel / diesel mixture typically varies between 80% gaseous / 
20% diesel and 50% gaseous / 50% diesel. The engine retrofit mainly.involves the 
integration of a gaseous fuel control system with an engine’s charge air system. There 
are no changes to the engine block, cylinder heads, or pistons, and an engine equipped 
with the bi-fuel retrofit kit remains a compression4gnition ‘engine. 

1. Applicability 

The technology is commercially available for stationary, portable and mobile 
diesel engines, and can be retrofitted to existing diesel engines. The technology has 
been installed on over 200 diesel engines, including a backup generator within the 
Mojave Desert Air Quality Management District and a locomotive in the Napa Valley. 
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2. Particulate Emission Reduction Efficiency . 

Based on the available emission test information, the product reduces diesel PM 
by between 28% and 37%. These results qualify the technology as a low to moderate 
efficiency diesel PM control technology. 

3. Environmental Impacts 

There are no known adverse environmental impacts. 

b. Exhaust Treatment b 

Diesel Oxidation Catalvst 

The technology reduces CO, HC and SOF emissions through catalytic oxidation. 
In the presence of a catalyst material and oxygen, CO, HC & SOF undergo a chemical 
reaction and are converted into carbon dioxide and water. Hydrocarbon traps can 
enhance the HC reduction efficiency of DOCs at lower exhaust temperatures and 
sulfate suppressants can minimize the generation of sulfates at higher exhaust 
temperatures- The availability and use of a very low-sulfur content diesel fuel will 
improve the particulate reduction efficiency of DOCs. Several models of DOGS have 
been certified under the U.S. EPA’s Urban Bus Retrofit/Rebuild Program. 

1. Applicability 

The technology is commercially available for stationary, portable and mobile 
diesel engines less than 5,000 horsepower, and can be retrofitted to most existing 
engines. The technology has been installed on tens of thousands of mobile diesel 
engines. 

2. Particulate Emission Reduction Efficiency 

Based on the available emission test information, the technology reduces diesel 
PM by 16% to 30%. This qualifies the technology as a low efficiency diesel PM control 
technology. 

3. Environmental Impacts 

In addition to reducing the SOF component of diesel PM, DOCs also reduce CO 
and HC emissions. However, two potential adverse environmental impacts have been 
identified. First, as is the case with most processes that incorporate catalytic oxidation, 
the formation of sulfates increases at higher temperatures. Depending on the exhaust 
temperature and the sulfur content of the fuel, the increase in sulfate particles may 
offset the reductions in SOF emissions. This effect can be minimized by using diesel 
fuel with a very low sulfur content. 
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In addition, the determination of whether or not a used DOC would be considered 
a “hazardous waste” at the end of its useful life depends on the material(s) used in the 
catalytic coating. DOCs can be manufactured with catalytic coatings such that the 
product would not be considered a hazardous waste at the end of its useful life. 

DOCs are similar to automotive catalytic converters, and the California 
Department of Toxic Substances Control currently regulates used automotive catalytic 
converters as scrap metal as long as the catalyst material is left in the converter shell 
during collection and transport and the converters are going for recycling. The ash 
residue associated with cleaning a DOC would need to be tested before a hazardous 
waste determination could be made. 

Particulate Filters 

Diesel Particulate Filters refer to a variety of technologies that physically trap and 
collect diesel PM. The main differences between the various types of DPFs are the 
filtration method and the technique used to regenerate the filter. DPFs typically use 
either a ceramic wall-flow monolith that captures diesel PM via surface filtration, or a 
woven ceramic-fiber element that captures diesel PM via depth filtration. 

DPFs can incorporate either passive or active regeneration techniques. 
Passively regenerated DPFs use catalyst materials to reduce the temperature at which 
the collected .particulate matter oxidizes, and rely on an engine’s exhaust temperature to 
regenerate the DPF. The catalyst material can be incorporated into the filter system, or 
can be added to the fuel as a fuel-borne catalyst. Actively regenerated DPFs 
incorporate electric heating elements or fuel burners that increase the temperature 
within the filter and oxidize the collected particulate matter. Microwaves are also being 
used to regenerate DPFs. 

1. Catalyzed Particulate Filters 

A catalyzed DPF is a particulate filter system where the catalyst material is 
incorporated, into the filter. Currently, two main types of catalyzed DPFs are 
commercially avaliable. In one system, the catalytic coating is applied directly to the 
filter media, and relies on oxygen within the engine’s exhaust stream to oxidize the 
collected diese! PM and regenerate the filter. The catalyst allows this oxidation reaction 
to occur at a lower temperature. The second type of catalyzed DPF, referred to as a 
continuously regenerating DPF, incorporates a precious metal oxidation catalyst 
upstream of an uncatalyzed particulate filter. The precious metal catalyst oxidizes NO 
to N02, which IS a s:rong oxidant. The NO2 then oxidizes the collected diesel PM and 
regenerates the fiI:e’ 

Fuel sulfur ievels have a significant impact on the viability of catalyst-based 
diesel PM cont:o: technologies. As previously mentioned, catalyst-based control 
technologies tend to convert an engine’s sulfur emissions into sulfates: Higher fuel 
sulfur levels result in higher sulfate formation and increased overall diesel PM emission 
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rates. Recent studies by the Department of Energy suggest that both catalyzed and 
continuously regenerating DPFs significantly reduce the ECF and the SOF of diesel PM. 
However, at 150 ppm sulfur concentration in the fuel, the ECF and SOF reductions may 
be offset by increases in sulfate particle emissions. At higher fuel sulfur 
concentrations, this study suggests that catalyzed DPFs may actually increase diesel 
PM emission rates. As such, the use of very low-sulfur fuel, which is discussed in 
Appendix IV, increases the emission reduction efficiency of DPFs. 

i. Applicability 

Catalyzed DPFs are commercially available for stationary, portable, and mobile 
diesel engines. The technology can be retrofitted to many-existing diesel engines, 
depending on therespective engine’s emission levels, exhaust temperature profile, and 
duty cycle. Catalyzed DPFs have been installed on several thousand mobile diesel 
engines6 and on a few stationary diesel engines, including two standby generators in 
Chico, California. 

ii. Particulate Emission Reduction Efficiency 

Based on the available emission test information, catalyzed DPF control 
efficiencies can be as high as 85% to 97% when combined with very low-sulfur diesel 
fuel. This qualifies the technology as a high efficiency diesel PM control technology. 

. . . 
111. Environmental impacts 

In addition to high diesel PM reduction efficiencies, catalyzed DPFs also reduce 
CO and HC emissions. However, the same issues identified for DOCs (Le., conversion 
of fuel sulfur to sulfates and disposal of the spent catalyst) are applicable to catalyzed 
DPFs. 

2. Fuel Borne Catalyst-Based Particulate Filters 

Some DPF systems rely on FBCs for regeneration. This technology involves 
combining the use of an uncatalyzed or lightly catalyzed DPF with an FBC, and reduces 
diesel PM, CO, and HC emissions through catalytic oxidation and filtration. The FBC 
typically contains fuel-soluble metal that acts as a catalyst, which lowers the 
temperature at which regeneration occurs within a DPF, similar to a catalyzed 
particulate filter. However, an FBC enhances regeneration by encouraging better 
contact between the diesel PM and the catalyst material. An FBC is also reported to 
reduce engine-out particulate emissions, including both the carbonaceous fraction and 
the soluble organic fraction. 

6 “Available particulate trap syssems for diesel engines” VERT: Suva, AUVA, TBG, BUWAL, 1998 
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i. Applicability 

The technology can be applied to stationary, portable, and mobile diesel engines, 
and can be retrofitted to many existing engines depending on the respective.engine’s 
emission levels, exhaust temperature profile, and duty cycle. The technology has been 
applied to several thousand mobile diesel engines7. In addition, PSA Peugeot Citroen 
is introducing an integrated particulate filter system on one of its 2000 model year luxury 
vehicles. 

ii. Particulate Emission Reduction Efficiency 

Based on the available emission test information, the FBC+DPF combination 
reduces diesel PM by 78% when used with very low sulfur diesel fuel. This qualifies the 
technology as a high efficiency diesel PM control technology. 

. . . 
III. Environmental Impacts 

In addition to reducing the particulate oxidation temperature within a DPF, FBCs 
may alter the composition of diesel engine exhaust either by reducing or by increasing 
the emission rate of specific compounds. Some of the emission changes may be 
undesirable. For example, the use of copper as an FBC has been linked to increased 
dioxin formation7. As such, for any future regulatory action, the potential impacts from 
the use of fuel borne catalysts in conjunction with particulate filters should be fully 
investigated, and the potential impacts considered in the rulemaking process. 

3. Actively Regenerated Particulate Filters 

Actively regenerated particulate filters incorporate active regeneration techniques 
to clean the filter, prevent clogging of the filter media, and minimize backpressure. 
Where catalyzed particulate filter systems incorporate catalyst material to lower the 
temperature at which the collected particulate matter oxidizes, actively regenerated 
particulate filter systems employ various techniques to raise the temperature of the 
collected particulate matter to the point of oxidation. These techniques include electrical 
regeneration, fuel-based regeneration and microwave regeneration, Due’to the limited 
availability of information on fuel-based and microwave regeneration, the evaluation of 
this technology focuses on electrically regenerated DPFs. 

i. Applicability 

Individual electrically regenerated particulate filter systems are available for 
diesel engines rated at between 25 and 200 horsepower. Multiple filter elements can be 
used together for larger engine applications. 

’ “Available particulate trap systems for diesel engines” VERT: Suva, AUVA, TBG, BUWAL, 1998 
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ii. Particulate Emission Reduction 

Based on available emission test information, the diesel PM reduction efficiency 
of electrically regenerated DPFs is approximately 80%. This qualifies the technology as 
a high efficiency diesel PM control technology. 

.__ 
III. Environmental Impacts 

There are no known adverse environmental impacts. 

NOxTECH Emission Control System 

The technology consists of a muffler-sized reactor that reduces carbon 
monoxide, hydrocarbons, and particulate matter through non-catalytic oxidation, similar 
to an afterburner. The engine exhaust is heated to between 1,400 to 1,550”F in the 
reactor by introducing fuel to the exhaust stream. The high temperature environment 
oxidizes the PM, CO, and HC emissions. A urea injection system can be added to 
reduce NOx emissions. Systems for engines operating over 2,000 hours per year 
include a heat exchanger that uses the reactor effluent to preheat the engine exhaust to 
enhance fuel auto-ignition. 

1. Applicability 

The technology is commercially available for stationary and portable diesel 
engines, and can be retrofitted to existing diesel engines, although it must be designed 
for each specific application. The technology has been installed and operated on 
two stationary diesel generator sets, and one of the units has been in operation for more 
than three years. 

2. Particulate Emission Reduction Efficiency 

Based on the available emission test information, this technology can reduce 
diesel PM by 5060% This qualifies the technology as a moderate efficiency diesel PM 
control technofogb 

3 Environmental Impacts 

Where a urea Injection system is used to reduce NOx, any unreacted urea will be 
emitted as ammu-ia While ammonia is not a federal hazardous air pollutant or a State 
identified toxic air contaminant, it does have acute and chronic non-cancer health 
effects. Source *q \rL LS:S have shown ammonia slip levels controlled to below 2 ppm. The 
federal Qccuca:.c- .3+ Safety and Health Administration (OSHA) 15-minute short-term 
exposure limrt fs- aR?monia is 35 ppm. 

II - 30 



DRAFT - DO NOT CITE OR QUOTE 
93 

SlNOx System 

The technology is an SCR system consisting of a proprietary base metal catalyst 
designed specifically for diesel engines, and an integrated predictive emissions 
monitoring system. According to the manufacturer, the product reduces the volatile 
organic fraction (VOF) of diesel particulate matter and hydrocarbon/air toxics emissions 
through catalytic oxidation, and concurrently reduces NOx emissions using a reducing 
agent, such as a 32% aqueous urea solution. The product also allows the injection 
timing of some engines to be adjusted for maximum fuel efficiency, which may result in 
further reductions of particulate matter and hydrocarbon/air toxic emissions. 

1. Applicability 

The technology can be applied to stationary, portable; and mobile diesel engines 
rated from 200 horsepower to more than 10,000 horsepower, and has been installed on 
125 diesel engines worldwide. 

2. Particulate Emission Reduction Efficiency 

Based on the available emission test information, the technology has reduced 
diesel PM by 28%. -This qualifies the technology as a low efficiency diesel PM control 
technology. 

3. Environmental Impacts 

The technology reduces NOx emission by as much as 90%. However, aqueous 
urea, is used to reduce NOx emissions, and any unreacted urea will be emitted as 
ammonia (a.k.a., ammonia slip). Source tests have shown ammonia slip levels 
controlled to 4.4 ppm, with spikes reaching 30 ppm, based onthe federal test procedure 
(FTP) for heavy-duty vehicle engines. As discussed above, there are acute and chronic 
non-cancer health effects for ammonia as well as a federal OSHA 15-minute short-term 
exposure limit. 

C. Alternative Strategies 

Repower with Tier 2 or Tier 3 Certified Non-road Enqines 

The strategy involves replacing existing older diesel engines with engines 
certified to meet ARB/U.S. EPA off-road engine emission standards. Tier 2 standards 
have already been promulgated by both the ARB and the U.S. EPA. The Tier 3 diesel 
PM standards will be established upon completion of a technical feasibility review, 
which is scheduled for 2001. 
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1. Applicability 

This strategy can be implemented immediately. Cleaner engines are readily 
available, although the lowest emitting engines will not be available for all horsepower 
sizes until the end of this decade or early 2010’s. 

2. Particulate Emission Reduction Efficiency 

Replacing an existing engine with a new engine meeting ARB1U.S. EPA off-road 
engine Tier 3 standards may result in an emission reduction of up to 85%, depending 
upon the emission rate of the engine being replaced. 

3. Environmental Impacts 

In addition to reductions in diesel PM, there may be significant reductions in NOx 
emissions when an older engine is replaced with a Tier 2 / Tier 3 certified engine. 

Repower with an Alternative Fuel Enqine 

This strategy involves replacing an existing older diesel engine with an engine 
that operates on tin alternative fuel, such as natural gas or propane. This strategy can 
be differentiated from dual fuel or b&fuel engines in that the latter uses a mixture of both 
diesel fuel and a gaseous fuel. An alternative fuel engine operates completely on the 
alternative fuel. 

1. Applicability 

Engines using alternative fuels are available for stationary, portable and mobile 
applications. However, alternative fuel engines have not made a significant impact on 
the diesel engine market because these engines are typically more expensive than a 
similarly rated diesel engine. Beyond economic factors, other limiting factors include 
the availability of the alternative fuels at a particular location and the re-fueling of mobile 
applications. The ARB has developed NOx, CO, and HC emission standards and test 
procedures for new 2001 and later model year off-road large spark-ignited engines. 
However, due to the future effective date, alternative-fueled engines certified to meet 
the ARB standards are not widely available at this time. 

2. Particulate Emission Reduction Efficiency 

Because diesel fuel would not be used in the alternative fuel engine, the 
reduction in diesel PM would be 100%. This qualifies the strategy as a high efficiency 
diesel PM control measure. 
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3. Environmental impacts 

Depending upon the engine being replaced and the replacement engine, there 
may be minor increases in emissions of NOx, CO, or HC. 

Electrification 

This strategy involves replacing an existing diesel engine with an electric motor. 

1. Applicability 

This strategy can be applied to most prime stationary engines and some portable 
engines that are near an electric power grid. 

2. Particulate Emission Reduction Efficiency 

Staff expects that the reduction in diesel PM would be nearly 100% as most of 
California’s electrical power is generated by hydroelectric plants or via natural 
gas-fueled boilers.or turbines. Diesel fuel is not typically used to generate power in 
California. As such, this strategy qualifies as a high efficiency diesel PM control 
measure. 

3. Environmental impacts 

Implementing this option would result in additional reductions of NOx, CO, and 
HC for all engines replaced with electric motors. 

VI. RECOMMENDED MEASURES FOR REGULATORY ACTION 

A. Stationary and Portable Engines 

ARB staff recommends that the Board direct staff to develop regulations to 
reduce diesel PM emissions from new and existing stationary diesel-fueled engines and 
portable diesel-fueled engines. The current and anticipated future inventories of diesel 
PM emissions, as presented in section IV of this appendix, demonstrate that existing 
stationary and portable diesel engines contribute diesel PM in California. The 
evaluation of available diesel PM control technologies and strategies, as presented in 
section V of this appendix, demonstrates that feasible diesel PM control measures are 
available for both stationary and portable diesel engines. The specific details of staffs 
recommendations and suggested measures to control diesel PM emissions are 
presented in the following sections. Table 8 summarizes, for each proposed measure, 
the proposed implementation date, estimated PM reductions, and cost. 
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Table 8: 
Recommended Measures to Reduce Diesel PM 

From Stationary and Portable Engines 

New Engine / 2002 I 2002 I 33 I 21 $2.4 -$4.7 

Prime Engine 
Retrofit 

Emergency 
Standby 
Retrofit 

Portable Engine 
Retrofit 

2002 2003 70 66 $2.0 - $3.8 

2002 2003 105 105 $24.8 - $47.2 

2002 2003 2005 - 712 252 $29.2 - $75.1 

1. Staticnary Engines 

Staff recommends that ATCMs be developed to reduce diesel PM emissions 
from existing stationary diesel engines designated for prime-use and emergency 
standby operations. The ATCM,s should reduce diesel PM emissions to the lowest level 
achievable through the application of the best available control technology or a more 
effective control method, consistent-with section 39666(c) of the California Health and 
Safety Code. 

Stationary diesel engines are used in a variety of applications, and there are 
situations where multiple diesel engines are operated at one location- In addition, some 
sectors of the population may be more sensitive to diesel PM than others (e.g., schools 
and hospitals). As such, the ATCMs should incorporate flexibility to allow districts to 
consider more stringent control strategies or other mitigation measures where 
site-specific issues warrant such an approach. 

5ecause district new source review regulations vary widely throoghout the State, 
many districts may need to modify existing new source review rules to ensure 
consistency with the ATCMs. 

* The estimated cost is calculated based on the application of catalyst-based DPFs and represents the maximum 
expected cost associated with retrofitting existing engines with diesel PM control technologies. (Catalyst-based DPFs 
include both catalyzed diesel particulate filters and fuel borne catalyst regenerated particulate filters.) However, APB 
staff recognize that one or more of the available diesel PM control technologies can be combined to achieve similar 
emission reductions. For example, an electrically regenerated DPF combined with a downstream DOC can achieve a 
95% reduction in diesel PM over the IS0 &mode test cycle. 
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a. New Stationary Diesel-Fueled Engine Rule 

Description of the Proposed Measure 

Staff recommends that an ATCM be developed that is similar to the ARB’s 
permitting guidance document, Risk Management Guidance for the Permiffing of New 
Stationary Diesel-fueled Engines, September2000, (Guidance). The new engine ATCM 
will differ from the Guidance in that it will address all new engines, including those 
currently exempted from district permitting programs, e.g. agricultural engines. Diesel 
PM emission reductions from new stationary diesel-fueled engines will be accomplished 
by requiring these engines to meet either minimum technology requirements; engine - . 
certification, fuel, and add-on control requirements; or a performance standard which is 
based on the anticipated PM reductions associated with meeting the minimum 
technology requirements.. See Chapter III for a more detailed description of the 
requirements of the Guidance. The ARB should begin the ATCM regulatory 
development as soon as possible with the goal of Board adoption in 2002. 

Feasibility 

The ATCM Will be based on the Guidance, which recommends the use of very 
low-sulfur (45 ppmw) fuel and the use of an exhaust treatment device, a 
catalyst-based DPF or equivalent. 

There is some question as to whether very low-sulfur diesel fuel will be readily 
available by the 2003. To be consistent with the U.S. EPA, the ARB is planning on 
adopting a regulation in 2001 that would require very low-sulfur diesel-fuel to be sold 
and supplied in California for on-road, off-road, and stationary engines, statewide, 
effective 2006. Currently, there is no existing regulation requiring very low-sulfur diesel 
fuel be sold in California. However, in-field compliance sampling and analysis indicates 
that CARB diesel fuel meeting the 15 ppmw sulfur content requirement has already 
been marketed in California. In addition, ARB has recently adopted a regulation 
requiring transit agencies to use very low-sulfur diesel fuel beginning July 1, 2002. As a 
result, ARB staff believes relatively small batches of very low-sulfur fuel will be available 
to owners/operators of stationary diesel fueled engines, however, there is uncertainty as 
to the cost and availability of this fuel prior to 2006. The ARB anticipates that the ATCM 
will address this issue by allowing districts to make case-by-case decisions regarding 
the required use of very low-sulfur diesel fuel prior to 2006. 

Catalyst-based DPFs are commercially available and have been installed on 
several thousand mobile diesel enginesg. In several European countries, catalyst-based 
DPFs have been installed on more than 6,500 buses, heavy-duty trucks, and municipal 
vehicles. In the United States, the application of catalyst-based DPF’s is less prevalent, 
but several demonstration projects have been initiated. In California, diesel-fueled 
school buses and tanker trucks have been retrofitted with catalyzed DPFs as part of a 

’ “Available particulate trap systems for diesel engines” VERT: Suva, AUVA, TBG, BUWAL, 1998 
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program to evaluate the effectiveness of a refiner’s low-sulfur diesel formulation. In 
New York, the New York City transit authority’s fleet demonstration program will test the 
effectiveness of catalyzed DPF’s on 50 diesel-fueled buses. 

For new diesel engine applications, catalyst-based DPF technology is playing a 
key role in both establishing and complying with new more stringent diesel PM 
standards. The U.S. EPA recently announced ,its proposed regulation for heavy-duty 
engine and vehicle standards and highway diesel fuel sulfur control requirements. A 
diesel PM emission standard of 0.01 g/bhp/hr is proposed. This proposed standard is 
based on the anticipated emission reductions from low-sulfur diesel fuel and the use of 
a catalyst-based diesel particulate filter. To comply with a 2005 European Union (EU) 
emission standard for diesel fueled vehicles, the French automaker, Peugeot Citroen, 
recently unveiled a diesel PM catalyst-based DPF system which is expected to go into 
production, in the year 2080. 

Experience with DPFs on stationary sources is limited. However, DPFs have 
recently been installed on two emergency standby engines in Chico, California. ARB 
staff has source tested these engines and is currently analyzing the results to determine 
the effectiveness of the DPFs in reducing diesel PM emissions ARB staff believes that, 
when coupled with very low-sulfur diesel fuel, DPFs v\;ill result in reduced emissions of 
diesel PM. 

Estimated Emission Reduction 

Assuming implementation by 2002, this control measure will result in diesel PM 
reductions of 33 tons per year by calendar year 2010. This represents a 90% reduction 
in diesel PM emissions this category. 

Reduction in Exposure /Risk 

The reduction in exposure and risk will be consistent with the efficiency of the 
control technology. For example, if a particulate filter reduces diesel PM by 90% over 
an uncontrolled engine in a specific application, the reduction in exposure and risk will 
also be 90%. 

Approximate Cost to Businesses, State and Local Aqencies 

Fuel Technology Requireme&: The incremental cost of producing very Iow- 
sulfur diesel fuel is estimated at less than $0.05 per gallon. However, additional costs 
are associated with producing relatively small batches (before the anticipated 
2006 Statewide very low-sulfur requirement goes into effect) and transporting the fuel to 
the stationary engine’s fuel storage tanks. 

Add-on Confrol Requit-emends: The costs associated with purchasing, installing, 
and maintaining a DPF varies with the size of the engine. For example, the current 
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capital cost of a catalyst-based DPF ranges from $1,300 - $5,000 for a 40 horsepower 
engine to $32,000 - $44,000 for a 1,400 horsepower engine. 

Potential Adverse Environmental and Safetv Impacts 

The potential adverse environmental and safety impacts associated with the 
available control technologies are discussed in Section V. Depending on the control 
technology applied, these impacts may include: 1) the formation of sulfates; . 
2) increases in emissions of other pollutants; and 3) problems associated with waste 
disposal. 

b. Prime-Use Engine Retrofit Requirement 

Description of the Proposed Measure 

Diesel engines are rugged, reliable and fuel efficient, and are the power source 
of choice for many stationary source applications. Because of this durability, the 
retirement of older engines coupled with the integration of newer (i.e., lower emitting) 
engines cannot be relied upon as an effective measure to achieve near-term diesel PM 
reductions. However, many diesel PM control technologies can be retrofitted to existing 
diesel engines. Staff recommends the development of an ATCM that specifies retrofit 
control requirements for existing prime-use diesel engines. The ATCM should require 
the application of catalyst-based DPFs where feasible. 

However, while catalyst-based DPFs represent the most effective control 
technology, because of the variety of existing engines and the multitude of applications, 
staff recognizes that this technology may not be universally applicable to all retrofit 
applications. Therefore, a variety of control technologies should be evaluated during 
the development of the ATCM. The ARB should begin the ATCM regulatory 
development as soon as possible with the goal of Board adoption in 2002 and 
implementation in 2003. 

Feasibilitv 

As discussed previously in this report, there are a variety of technologies that are 
available to reduce diesel PM from diesel engines. Some of the technologies available 
include new fuel injectors, engine rebuild kits, and exhaust control technologies such as 
particulate filters. While much of the experience with these technologies has been 
obtained from application to mobile sources, some of the technologies have also been 
applied to, and demonstrated on, stationary engines. For example, particulate filters 
have been installed on several thousand mobile diesel engines”, primarily in Europe, 
and were recently applied to two emergency standby engines in Chico, California. Staff 
expects that many of the technologies demonstrated on mobile sources can be applied 
to stationary engines. 

lo “Available particulate trap systems for diesel engines” VERT: Suva, AUVA, TBG, BUWAL, 1998 
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Estimated Emission Reduction 

Assuming full implementation by 2003, this control measure will result in diesel 
PM reductions of 70 tons per year by calendar year 2010. This represents an 85% 
reduction in diesel PM emissions from at least 90% of the engines in this category. 

Reduction in Exposure/Risk 

The reduction in exposure and risk will be consistent with the efficiency of the 
control technology. For example,, if a particulate filter reduces diesel PM by 85% in 3 
specific application, the reduction in exposure and risk will also be 85%. 

Approximate Cost to Businesses, State and Local Aqencies 

The cost of applying a particular control technology to a prime-use engine 
typically varies based on the size of the engine. For example, the current capital cost of 
catalyst-based particulate filters ranges from $1,300 - $5,000 for a 40 horsepower 
engine to $32,000 - $44,000 for a 1,400 horsepower engine. The annualized cost of 
catalyst-based particulate filters is projected to vary between $440 - $1,240 per year for 
a 40 horsepower engine and $6,060 - $10,980 per year for a 1,400 horsepower engine. 
The capital and annualized costs of other diesel PM control technologies, such as 
oxidation catalysts and low emission retrofit kits, also vary by engine size. 

The range in consumer costs associated with the control measure is not 
expected to exceed $2.0 million to $3.8 million per year. The cost estimates assume 
that 90% of the projected 2010 prime-use engine inventory will be equipped with 
catalyst-based DPFs. This represents the maximum anticipated cost of the control 
measure. State and local agencies can expect to incur similar costs. The detailed cost 
calculations are presented in Appendix IL8. 

Potential Adverse Environmental and Safetv Impacts 

The potential adverse environmental and safety impacts associated with the 
available control technologies are discussed in Section V. Depending on the control 
technology applied, these impacts may include: 1) the formation of sulfates; 
2) increases in emissions of other pollutants; and 3) problems associated with waste 
disposal. 

C. Emergency Standby Engine Retrofit Requirement 

Description of the Proposed Measure 

In addition to the development of an ATCM for prime-use engines, staff 
recommends that an ATCM be developed that specifies retrofit control requirements for 
existing emergency standby engines. The ATCM should require the application of 
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catalyst-based DPFs where feasible. However, while catalyst based DPFs represent 
the most effective control technology, because of the variety of existing engines, staff 
recognizes that this technology may not be universally applicable to all retrofit 
applications. Therefore, a variety of control technologies should be evaluated during 
the development of the ATCM. The ARB should begin the ATCM regulatory 
development as soon as possible with the goal of Board adoption in 2002 and 
implementation in 2003. Additionally, this ATCM should be developed concurrently with 
the prime-use engine ATCM. 

Feasibility 

As discussed above, there are a variety of technologies that are available to 
reduce diesel PM from diesel,engines. While many of these technologies have been 
applied primarily to mobile sources,-some of the technologies have also been applied to 
stationary engines. For example, oxidation catalysts, which are in common use in 
urban transit buses, have also been applied to several stationary diesel engines. In 
addition, a diesel/natural gas bi-fuel retrofit kit has been installed on locomotive engines. 

Estimated Emission Reduction 

Assuming full implementation by 2003, this control measure will result in a diesel 
PM reduction of 105 tons per year by calendar year 2010. This represents an 85% 
reduction applied to 90% of the engines in this category. 

Reduction in Exposure/Risk 

The reduction in exposure and risk will be consistent with the efficiency of the 
control technology. 

Approximate Cost to Businesses, State and Local Aqencies 

The cost of applying a particular control technology to an emergency standby 
engine typically varies based on the size of the engine. For example, the current capital 
cost of an oxidation catalyst ranges from $400 for a 40 horsepower engine to 
$20,000 for a 1 403 horsepower engine. The annualized cost for an oxidation catalyst 
is projected to vay between $150 - $850 per year for a 40 horsepower engine to 
$1,650 - $4.360 per year for a 1,400 horsepower engine. The capital and annualized 
costs of other diesel PM control technologies, such as particulate filters and bi-fuel 
retrofit kits, also vary by engine size. These costs will need to be evaluated further 
during the dev, vr F nr~en? of the ATCM. 

The range IF consumer costs associated with this control measure are not 
expected to excees 524 8 million to $47.2 million per year. The cost estimates assume 
that 90% of the prc or , .- “ted 2010 emergency standby engine invertory will be equipped’ 
with catalyst-based DPFs. This represents the maximum anticipated cost of the control 
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measure. State and local agencies can expect to incur similar costs. The detailed cost 
calculations are presented in Appendix II-B. 

Potential Adverse Environmental and Safetv Impacts 

The impacts associated with an ATCM for emergency standby engines will be 
similar to the impacts for the prime-use engine ATCM. 

2. Retrofit of Existing Portable Engines 

Staff recommends that regulations be developed to reduce diesel P.M emissions 
from existing portable diesel engines. Specifically, the Statewide Portable Equipment 
Registration Program Regulation should be amended to include requirements for 
reducing diesel PM emissions from registered portable diesel engines. The new diesel 
PM control requirements should reduce diesel PM emissions to the lowest level 
achievable through the application of the best available control technology or a more 
effective control method, consistent with Section 39666(c) of the Health and Safety 
Code. In addition, an ATCM should be developed, for implementation by local districts, 
that is consistent with the amended Statewide Registration Program requirements. 

Staff also recommends that ARB work with U.S. EPA on measures to reduce 
diesel PM emissions from non-road engines rated at less than 175 horsepower and 
used primarily in farm and construction operations. Specifically, the U.S. EPA should 
be encouraged to set standards that reduce diesel PM emissions from new non-road 
engines rated at less than 175 horsepower and used primarily in farm and construction 
operations to the lowest level achievable through the application of the best available 
control technology or a more effective control method. In addition, staff should work 
with U.S. EPA to clarify for preempted engine categories the time period after which a 
new off-road engine can be considered “non-new” and eligible for control by ARB. 

Description of the Proposed Measure 

The Statewide Registration Program amendments and the portable engine 
ATCM should include requirements for reducing diesel PM emissions through the 
application of catalyst-based DPFs, electrification where feasible, and in consideration 
of alternate fuels. Staff anticipates that the revisions to the Statewide Registration 
Program could be adopted by the Board in 2002 with implementation beginning in 2003. 

Feasibilitv 

Staff expects that operators of portable engines will meet the revised diesel PM 
emission standards by either: 1) replacing existing engines with electric motors; or 
2) retrofitting existing engines with either catalyst-based DPFs where feasible or with 
one of the control technology options identified in Chapter V where catalyst-based DPFs 
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are not feasible. As discussed in Chapter V, there are several technologies that can be 
used to reduce diesel PM emissions. While some of the technologies that could be 
used in retrofit applications have not been demonstrated on portable applications, they 
have been demonstrated on mobile and/or stationary diesel engines. ARB staff expect 
that many of these technologies can be successfully applied to portable engines. 

Estimated Emission Reduction 

The proposed measure is estimated to reduce diesel PM emissions by 712 TPY 
by 2010. This represents an 85% reduction of diesel PM emissions from 90% of the 
engines in this category. 

Reduction in Exposure/Risk 

The reduction in exposure and risk is expected to be consistent with the control 
efficiency achieved. 

Approximate Cost to Businesses, State and Local Aqencies 

The cost of applying a particular control technology varies based on the size of 
the engine. For example, the current capital cost of the CCTS retrofit kit ranges from 
$I;500 for a 100 horsepower engine to $6,000 for a 1,400 horsepower engine. The 
annualized cost for CCTS retrofit kits is projected to vary between $490 - $590 per year 
for a 100 horsepower engine to $4,020 - $4,890 per year for a 1,400 horsepower 
engine. The capital and annualized costs of other diesel PM control technologies, such 
as particulate filters and bi-fuel retrofit kits, also vary by engine size. These costs will 
need to be evaluated further during the development of the ATCM. 

The range in consumer costs associated with this control measure are not 
expected to exceed $29.2 million to $75.1 million per year. The cost estimates assume 
that 90% of the projected 2010 portable engine inventory will be equipped with catalyst- 
based DPFs. This represents the maximum anticipated cost of the control measure. 
State and local agencies can expect to incur similar costs. The detailed cost 
calculations are presented in Appendix II-B. 

Potential Adverse Environmental impacts 

There may be a range of potential adverse environmental impacts depending 
upon the control technique used, including formation of sulfates, disposal of waste, or 
minor emissions of various contaminants. 

3. Retrofit of Agricultural irrigation Pump Engines 

There are well over 7,000 agricultural irrigation pump engines in California, and 
they represent about 11% of the total stationary and portable engine inventory. 
Because of their high use, they are a significant source of diesel PM, contributing half of 
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the diesel PM emissions from the entire stationary engine category. In addition, 
agricultural irrigation pumps tend to be concentrated in specific regions of the State, and 
their contribution to the ambient levels of diesel PM is expected to be proportionally 
higher within these regions. 

Description of the Proposed Measure 

While H&SC § 4231 O(e) prohibits districts from requiring a permit for most 
equipment used in agricultural operations, districts can establish emission control 
requirements for engines in this category. Therefore, ARB staff rec,ommend working 
with the agricultural community to develop a comprehensive program to reduce 
emissions from engines used in agricultural operations. This agricultural-.engine 
emission reduction program should include: I) the substitution of diesel engines with 
electrically driven equipment where feasible; and 2) a comprehensive retrofit element 
where electrical substitution is not feasible. incentive programs may be considered to 
facilitate implementation of this control measure. 

Over 90% of the agricultural irrigation pumps used in California are electrically 
driven, and AR5 staff have observed diesel-fired agricultural irrigation pumps located 
directly adjacent to electrical service poles. As such, electrification appears to be a 
viable alternative to diesel engine use in many agricultural pumping activities. In 
addition, there are a variety of technologies that are available for retrofit applications, 
including catalyst-based DPFs. Staff expect that many of these technologies can be 
applied to engines used in agricultural operations. 

Estimated Emission Reduction 

Assuming full implementation of this control measure by 2005, ARB staff 
anticipates that diesel PM emissions from agricultural irrigation pumps will be reduced 
by 297 TPV in 2010 These emission reduction estimates assume that 90% of the 
engines in this category will be equipped with emission control technologies capable of 
achieving 85% control 

Reductlc? jr1 Exposure/Risk --I_ 

The reductlor: in exposure and risk is expected to be consistent with the control 
efficiency achieved 

Approx,--,~~+~ Cost to Businesses, State and Local Aqencies ._ ._ 

The cos: 5 acal;jrng a particular control technology to an engine used in 
agricultural ~rngs:::~. czerations depends on the size of the engine and / or the pumping 
requirements Fgr example, Pacific Gas and Electric (PE&E) staff estimate that the 
cost of purchasq and Installing a new irrigation pump motor and the associated 
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equipment (e.g. service pole, service panel, transformer, etc...) would be approximately 
$10,000 for a 100 horsepower motor and $46,500 for a 400 horsepower motor. ARB 
staff estimate that the costs associated with the purchase and installation of a 
catalyst-based DPFs are between $5,200 and $8,000 for a 100 horsepower engine and 
$10,700 to $11,000 f 
evaluated further. 

or a 400 horsepower engine. However, these costs need to be 

The range in consumer costs associated with this control measure are not 
expected to exceed $3.9 million to $9.9 million per year. The cost estimates assume 
that 90% of the engines in this category will be equipped with catalyst-based DPFs. 
State and local agencies cab expect to incur similar costs. The detailed cost 
calculations are presented in Appendix II-B. 

Potential Adverse Environmental Impacts 

There are no known adverse environmental impacts associated with the 
electrification aspect of the proposed control measure. However, there may be adverse 
environmental impacts associated with the retrofit element of the proposed measure. 
These impacts may include: sulfate particle formation, waste disposal, and/or emissions 
of other air pollutants. 
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For Group 2 engines, the Specific Findings Report should also report the full 
range of risk identified by the SRP; 1.3 x 1 o-4 to 2.4 x 1 Om3 chances per 
microgram per cubic meter of diesel particulate matter. The unit risk factor of 
3 x lOA (pg/m3)“ is commonly expressed as 300 chances per microgram per 
meter cubed of diesel particulate matter. 

U.S. Department of Energy, et al. “Diesel Emission Control - Sulfur Effects 
(DECSE) Program Phase I Interim Data Report No. 4: Diesel Particulate Filters - 
Final Report.” January 2000. 

VERT: Suva, et al. “Available particulate trap systems for diesel engines.” 1998 
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Appendix II-A 

Chlifornia Air Districts and Counties 

Air Districts are Delineated by Bold Black Text Labels 
and Yellow Boundary Lines. 

Counties are Delinrqted by Smaller Text Labels i 
and Black Boundary Lines. I 
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Appendix II-B 

Analysis of Control Technology Costs 

The Califomia Health and Safety code requires the Air Resources Board (ARB) 
to evaluate the approximate cost of each airborne toxic control measure (ATCM). To 
address this requirement for the range in diesel particulate matter (Diesel PM) control 
options, staff collected detailed cost and durability (i.e., equipment life) .information from. 
the manufacturers of the technologies evaluated in, the Risk Reduction Plan, (RRP). 
Using this information, the Total Annual .Cost’ was determined for -each technology. -- ~ - 
The Total Annual Cost and the equipment inventories, as discussed.in Section IV of 
Appendix II, were then used to estimate the range of costs associated with potential 
ATCMs. 

The information collected from each vendor included: the current retail cost of 
each technology (a.k.a. capital cost); the installation cost; and the operating and 
maintenance costs. The current retail cost was requested for five diesel engine 
“ratings,” including: a 40 horsepower engine, a 100 horsepower engine, a 
275 horsepower engine, a 400 horsepower engine, and a 1,400 horsepower engine’. 

The current retail costs, as opposed to future costs assuming higher production 
volumes, were selected so that an operator who is considering the near term purchase 
of one of the control technologies evaluated in the’RRP would have the latest cost 
information available. l-lowever, staff anticipates that the current retail costs will decline 
over the next few years as production volumes increase. For example, the 
Manufacturers of Emission Controls Association (MECA) projects that with a production 
volume of 200,000 units per year, the cost of a diesel particulate filter system will range 
from $625 to $2,250 for an engine with a displacement of between 7 and 13 liters. This 
represents an 80% decrease from the average current retail costs identified by several 
particulate filter system manufacturers. 

The control technology manufacturers were also requested to provide estimates 
of the installation costs, operating costs and maintenance costs for their respective 
products. The installation cost is a one-time cost that include both the time and 
materials associated with installing a product in a specific application. Installation costs 
tend to vary depending on the technology and the specific type of application- 

The operating cost is an annual cost associated with operating a specific 
technology, such a& the cost of supplemental fuel, if required. Operating costs can ajso 
be negative, which represent a cost savings (e.g., improved fuel economy). The 

’ The Total Annual Cost is also known as the Annualized Cost or the Equivalent Uniform Annual Cost. 
’ These engine size ranges were selected earlier in the control technology evaluation process when it appeared that 
the engines would be categorized via engine size similar to the non-road engine regulations (i.e., c 50 hp, 50 - 
175 hp, 175 - 750 hp, and > 750 hp). The five engine sizes (i.e., 40 hp, 100 hp, 275 hp, 400 hp and 1,400 hp) 

represented an early estimate of the average size of stationary and portable engines used in California within the 
respective horsepower ranges (i.e., < 50 hp. 50 - 175 hp. 175 - 750 hp, and > 750 hp). 
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maintenance cost is also an annual costs and includes items such as periodic cleaning. 
Similar to operating costs, some technologies may have negative maintenance costs. 
For example, some technologies may allow less frequent engine oil changes. 

The control technology manufacturers provided estimates of the “equipment life” 
or durability of each technology. Recognizing that the equipment life may be different 
than its economic life, the “life” considered in the Total Annual Cost calculations is 
computed as the lessor of the equipment life or the maximum economic life. The 
maximum economic life is assumed to be 10 years, which is consistent with ARB cost 
effectiveness guidance3. Since product vendors tended to estimate the equipment life 
based on the number of hours the product can operate, the equipment life (in years) 
was calculated based on an assumption of 500 hours per year of operation. Five 
hundred hours per year representsthethreshold between low use,engines and high use 
engines presented in Section IV of Appendix II. An interest rate of 9% was selected 
after consulting with staff in the ARB’s Economic Studies Section. 

The cost information provided by the product vendors showed a range in costs 
and equipment life. Therefore, both a high and a low Total Annual Cost were computed 
for each technology. 

The following formula was used to determine the Total Annual Cost: 

TotalAnnualCost = ! 
I(l+I) n 

( > 1+1 n-1 
*(cc+Ic) +OC+MC 

Where, 
I 

I = Interest Rate (9%) 
n = the lessor of: 

- Equipment Life (hr) + Annual Operating Time (500 hr/yr) 
- Economic Life (10 yr) 

CC = Capital Cost ($) 
IC = Installation Cost ($) 
OC = Operating Cost ($/yr) 
MC = Maintenance Cost ($/yr) 

The Total Annual Cost calculations are presented in Table B-l. This information 
is also summarized in Table 7 of Appendix II 

3 “Cost-Effectiveness: District Options for Satisfying the Requirements of the California Clean Air Act,” 
September, 1990, Air Resources Board Office of Air Quality Planning & Liaison. 
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Table B-1: Equlvalenl Uniform Annual Coel 

181 5 
DOC too 500 4.000 10.000 10 8.00% s 880 $ 1.356 5 18.1 t l61 5 . 
DOC 215 500 4.000 10.000 10 9.00% I 2.100 s 2.800 f 181 s lf(7 * . I s 
DOC 400 500 4,006 10.000 10 8.00% $ 2;aoo i i:700 j 167 i leii. . i e; i 

._ 

112 
DOG 1400 500 4,000 10,000 10 9.00% I io.000 $ 20.000 s 187 3 167 S : . I 64 5 112 
55 PF 40 500 8.000 10 9.00% 3.300 5 5,000 167 5 518 5 26 5 28 5 156 5 312 
DPF 100 500 8.000 I2.000 to 8.00% : 5,000 5 1.500 5 161 5 518 5 64 5 84 5 158 5 312 
OPF 275 500 8.000 12.000 IO 9.00% 5 6,900 5 9,000 5 187 5 518 5 115 5 115 5 158 5 312 
DPF 400 500 8.000 12,000 to 8.00% 5 10,500 s 10.500 5 187 5 518 5 253 5 253 3 158 5 312 
DPF ,400 500 8.000 12.000 10 9.00% 5 32.000 5 44,000 s 161. 5 518 5 880 s 668 I 156 5 312 
$ ECOTIP 40 
ECOTIP 100 500 4,000 8.000 10 0.00% 5 200 5 200 5 5 . 5 (108) 5 (106) 5 S 
ECOTlP 215 500 4,000 6.000 10 9.00% 5 200 5 300 I . t . 5 (2911 1 (291) 5 . 
ECOTIP 400 500 4.000 8.000 10 9.00% 5 300 5 4005 s - S 1422) 5 (422) 5 . : : 

ECOTIP ,400 500 4,000 8,000 10 9.00% s 400 f 600 3 . 5 . 
NOI 

$(1.419) f (1.479) 5 - 5 . 
CCTS 40 
CCTS 100 500 3,000 6,000 10 9.00% 1,500 5 1.500 5 . 5 254 5 254 s 5 
CGTS 215 500 3.000 a.000 (0 B.OO% : 1,500 s 2.300 $ . : 5 690 I 899 s - s 

CCTS 400 500 3,000 6,000 10 9.00% !.800 5 3,000 5 . : 5 1.012 .I 1,012 5 . : 
CCTS 1400 500 3,000 8,000 10 9.00% 3.000 t 6,000 5 _ . 5 3.550 5 3.550 5 . . 

Repowet Tier 2 40 500 I# ii.000 8,000 10 9.00% 4,290 5 . 
Rapower. Tier 2 100 500 8.000 8,000 10 9.00% s 8,980 5 18.840 5 4,380 5 4.390 $ - $ . $ . $ : 

Re~ower - Tier 2 275 500 6,000 8,000 10 9.00% 5 12,440 5 32,150 5 3,450 5 6,190 5 . . 5 . 
Repower . Tier 2 400 500 8.000 8.000 10 0.00% 5 23,ioo 5 48.370 5 8,430 I 8,430 5 . : : : 
Repawer~ TMf 2 1400 500 E.000 a,000 IO 9.00% 5 186.890 5 188.890 5 23,630 5 23,830 5 . 5 .' 

: 
: $ . 

500 NOxTECH 40 8,000 8.000 10 9.00% 5 400 5 1.200 5 8.400 5 14.400 5 84 5 150 $ . 5 . 
NOxTECH 100 600 a.000 a.000 10 9.00% 5 1.000 5 3.000 5 8.400 I 14.400 5 212 5 339 5 5 . 
NOxTECH 276 500 8.000 8.000 ,O 8.00% 5 2.150 5 8,250 5 6.400 5 14.400 3 583 5 932 t . 5 
NOxTECH 
NOxTECH 
SINOX 
SINOx 
SINOx 

400 500 8.000 8.000 $0 9.00% 
: 

4 000 
14:ooo 

5 12 000 
42:ooo 

5 6.400 5 14.400 5 844 5 1.350 5 . 5 
,400 500 5,000 B.000 10 9.00% 5 I 6,400 5 14.400 5 2.958 $ 4.13, I - S . 

40 NO, ~vsilablo lo, en~lnes In Ihls; 
100 NO1 BVailsLlle for eno,nss in (his size ca,egory. 
215 500 20.000 20.000 10 9.00% 5 13.750 I 18.500 I 500 5 5.000 I * . I 715 1 715 

SlNOx 400 500 20,000 20,000 10 9.00% 5 20.000 5 24;OOO i 500 j 5:ooo i . r . i 800 i aoo 
SINOx 1400 500 20,000 20,000 10 B.OO% 5 10,000 5 84,000 5 500 5 5,000 $ . 5 . 5 1.400 5 
3 

1,400 
ITG S,.Fee, 40 500 6.000 5,000 9.00% J 4,000 5 4.000 1,800 2,250 5 (150) $ (150) s . $ 
IT-3 Bl.Fuel (00 500 5,000 a.000 (0 9.00% 5 8.000 5 6.000 s 1.600 5 2.250 5 (340) s (3401 I . 5 
IT0 Sl.Fuel 215 lnlarmalio” no, provided by the me”“,aclu,sr. 
ITG Sl.Fusl 400 500 6,000 a.000 10 9.00% s 14,000 5 14,000 5 1,500 5 2.250 S(l.340) 5 (I.3401 5 5 . 
ITG BI.Fuel ,400 500 8.000 6.000 10 9.00% I 36,000 s 38,000 I 1,BOO f 2.250 5t4.880) 5 (4.680) 5 I . 

FSC + DPF 
FSC + DPF 276 500 8.000 a.000 10 Q.OO% 5 3.500 5 8.500 5 167 5 518 5 356 5 1,073 5 158 $ 312 
FSC + OPF 400 500 8,000 8,000 10 9.00% s 1,000 5 10.000 5 187 5 516 t 518 5 1.553 5 (56 5 312 
FSC + DPF 1400 500 8,000 8.000 10 B.OO% 5 30,000 5 33,000 $ 167 5 516 5 1.815 5 5,445 s I58 I 312 

Eleclrlc DPF 40 500 8.000% 8.000 0.00 s 4,450 I 4.450 5 208 $ 516 5 131 $ 131 5 31 $ 312 
Eleclric DPF 100 500 a.000 8.000 10 9.00% 5 5.180 5 5.780 I 206 5 518 $ 127 5 121 5 31 5 312 
Eleclric DPF 275 500 a.000 8,000 10 9.00% 5 11,890 5 11,690 s 2OE 5 516 5 117 s 117 5 31 5 312 
Eleclrlc DPF 400 500 6,000 8,000 IO 0.00% 5 14.000 5 14.000 5 206 I 518 5 189 5 169 5 31 I 312 

T Total Annual Cost 
Mln i Max 

(5lYO / (SlYf) 
5 152 5 651 
5 <se s 887 
5 417 5' 1.212 
5 526 5 1,411 
5 1.648 5 4,356 

5 7245 1.200 
5 1.025 5 11625 
5 1,432 5 1.910 

: 6.056 2,071 5 S 2.282 6,138 

5 (75) 5 (10 
s t28oj 5 (231 

s 468 5 589 

: 1,293 833 s 5 t.212 l.6El 
5 4.018 5 4,666 

5 t.039 t. ~.O?.Q 
5 1.189 5 3.820 

: 2,418 4.913 5 5 5.914 8.85( 
5 32,803 5 32.603 

0 t,153 5 2,581 
5 1.385 5 3,050 

5 2,008 5 4,482 

5 2,464 5 5.463 
5 8.337 5 13.522 

I 2,935 5 4,065 

5 3,994 5 5,319 
5 12.365 5 t5.288 

1 
J 615 $ 948 

1 1.122 5 1.102 
I 1.522 5 1,592 

5 442 5 1,235 
: l.oa5 624 5 5 2.476 I ,582 

: 8.872 1.190 s 5 10.980 3.503 

5 888 s 1.211 
5 1,OSI 5 I.420 
5 2.001 5 2.331 
5 2.410 5 2,743 
5 6.927 S 1,256 

5 1,008 t I.008 
Eleelrilicslion 100 500 10.000 30.000 10 8.00% 5 8.190 5 8.190 5 1,230 5 1.230 5 . 5 S . I . $ i.5et 5 1.581 
Eleclrificstion 125 500 10.000 30,000 IO 9.00% 5 10,918 5 10,919 I 1.415 5 1,415 5 . 5 5 I . 5 1.822 5 1,922 
El~CIllllCllllOll 400 500 10,000 30,000 10 8.00% 5 40.410 5 40.410 5 6.085 I 6,065 I 5 : 5 - I . 5 7.251 5 7,251 

d 
2 

0 
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The cost of each control measure, not just the cost of each control technoloqy 
must be evaluated to satisfy the requirements of the California Health and Safety Code. 
The control measures recommended by staff include promulgating ATCMs for 
stationary diesel engines, amending the Statewide Portable Equipment Registration 
Program regulation for portable diesel engines, and establishing an electrification / 
retrofit program for engines used in agricultural operations. The range of costs for these 
control measures can be determined by multiplying the cost of the control technologies 
by the inventory of sources over which the technologies are expected to be applied. 

As is discussed in Section V of Appendix II, there is a wide range in effectiveness 
of the various control technologies, as well as a wide range in costs. To determine the 
costs for the available control measures, staff evaluated the range of costs associated 
with catalyst-based diesel particulate filters (DPF), which represent the highest 
efficiency diesel PM control technology., 

Because the cost of catalyst-based DPFs vary by engine size, specific engine 
sizes are needed to determine the cost of these control technologies. The average 
horsepower for stationary engines (backup and prime), portable engines and 
agricultural engines was determined from information collected by the local districts and 
from the Emission Inventory of Off-Road Large Compression-Ignited Engines (~25 HP) 
Using the New Offroad Emissions Model, respectively. The new engine category 
assume 93 stationary backup engines, IO new stationary prime engines and 6 new 
replacement stationary prime engines and 60 replacement agricultural engines are 
permitted each year. The average horsepower of engines in these categories 
(i.e., stationary backup, stationary prime, portable and agricultural) is presented in 
Table B-Z. The costs associated with applying catalyst-based DPFs to these four 
engine categories were then interpolated from the Total Annual Cost data presented in 
Table B-l. 

The Total Annual Cost of each control technology was then multiplied by the 
respective engine inventory, as presented in Section IV of Appendix II, to determine the 
cost range for the available control measures. This information is presented in 
Table B-Z. 

IEngine 

Table B-2: Control Measure Cost Analysis 

Average 2010 Annualized Costs Control Measure Cost 1 
category Horsepovm Inventory Low High Low High 
New Engine 400 1352 . $1,790 $393.00 $2,420,080 $4,736,056 

Stationary - Ekckup* 550 11,344 $ 2,430 $ 4,625 $24,809,328 $47,219,400 

Stationary - Prim* 

Portable Engines* 

Agriwltural* 

480 1,025 $ 2,131 $ 4,101 $ 1965,848 $ 3,783,173 

110 49,860 $ 650 $ 1,674 $29,168,100 $75,119,076 

120 6,380 $ 677 $ 1,722 $ 3,887,X4 $ 9,887,724 

* Percent of engine population controlled: 90% 
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The estimates presented above represent the anticipated range of costs associated with 
applying high efficiency control measures to stationary, portable and agricultural diesel- 
fueled engines. 
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I. PURPOSE 

This report summarizes the need for further regulation of on- and off-road mobile 
diesel-fueled engines to reduce ambient diesel particulate matter [diesel PM) and the 
associated health risk. PropoSed control measures to achieve those reductions are 
described, along with estimated emission reductions and costs per vehicle. Suggested 
non-regulatory strategies that may achieve additional reductions in, emissions are also 
described. 

II. ENGINE CATEGORIES 

A. On-Road Engines 

There are approximately 700,000 on-road diesel-fueled vehicles currently in use 
in California. Diesel-fueled, or compression-ignition, engines are used in every on-road 
vehicle category except for motorcycles, and include light- to heavy-duty trucks, school 
buses, urban buses, and passenger vehicles (Table 1). The majority of on-road 
diesel-fueled engines, however, are found in heavy-duty vehicles with a gross vehicle 
weight rating (GVWR) from 14,000 pounds GWVR and up. The reported heavy-duty 
vehicle population includes an adjustment to account for mileage by out-of-state 
registered vehicles that travel in California. 

The federal definition of a heavy-duty vehicle is any vehicle with a GVWR greater 
than 8,500 pounds. California’s lower GVWR limit for heavy-duty vehicles is either 
greater than 8,500 pounds or greater than 14,000 pounds, depending on the model year 
[I3 CCR 5 1900(a)(9)]. For the purpose of this report, “heavy-duty vehicle” is used to 
refer to any vehicle with a GWVR greater than 8,500 pounds. The two categories of 
light heavy-duty trucks, from 8,501 to 14,000 pounds GWVR, comprise vehicles 
currently covered by emission standards for medium-duty vehicles. For the weight 
classes above 14.000 pounds GVWR, heavy-duty vehicles are fupther subdivided into 
medium heavy-duty and heavy heavy-duty. The additional heavy-duty categories are 
school buses and urban transit buses. Larger motor homes would also be considered 
“heavy-duty-’ 

The pD2ula:lcn of heavy-duty vehicles is predicted to increase on average by 
approximately 12 percent from 2000 to 2010 (Table I). Medium heavy-duty vehicles 
are projected to Increase by about 16 percent and heavy heavy-duty vehicles by about 
IO percent The gzporiionate increase is greater in the South Coast Air Basin, where 
the expecte:: I. ?c:c33se from 2000 to 2010 in heavy-duty vehicles is about 23 percent. 
Again, medId- %a,+-duty trucks are expected to increase faster than heavy 
heavy-duty ::IJCC.S 1 Z7C C8 versus 19%, respectively) in the South Coast Air Basin. 
Interestingly tp!-r- svca:est population increase for any category, on a percentage basis, 
is expected t:: ccc,: I? diesel-fueled motor homes, which will almost double by 2010, 
from 1.2 to 2 C percent of the diesel-fueled vehicle population statewide. 
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Table 1 
On-Road: Categories and Population of Diesel-Fueled Vehicles (EMFAC2000) 

“SoCAB” --South Coast Air Basin 

Although the majority of diesel-fueled vehicles fall into one of the heavy-duty 
categories (54% in ZOOO), Californians today drive considerable numbers of 
diesel-fueled passenger cars, light-duty trucks, and medium-duty vehicles. The majority 
of the diesel passenger cars and light-duty trucks, however, are greater than 15 years 
old and ARB staff expects that most of these will be removed from service over the next 
decade to be replaced with other, non-diesel vehicles. Thus, the statewide population 
of diesel-fueled passenger cars and light duty trucks is expected to decline by about 
60 percent over the next decade. The population of medium-duty diesel-fueled vehicles 
is also expected to decline statewide, but by only about 13 percent over the next 
ten years. 

B. Off-Road Vehicles and Equipment 

There are approximately 550,000 off-road diesel-fueled vehicles and equipment 
currently in use in California (Table 2), two-thirds of which are categorized as 

. agricultural or construction equipment. Many equipment types are classified as 
“portable,” or equipment of 25 horsepower or greater that is designed to be carried or 
moved from one location to another. For the purpose of this report, “motive” is use to 
designate the bulk of off-road equipment and vehicles that are not otherwise classified 
as portable. 

Diesel-fueled off-road engines comprise 138 individual off-road vehicle and 
equipment types aggregated into 17 categories. Engine sizes range from under 
15 horsepower to over 10,000 horsepower. These equipment categories include 
aircraft, agriculture, airport ground support, construction and mining, commercial, 
industrial, logging, transportation refrigeration units, lawn and garden, pleasure craft, 
locomotives, and others (Table 2). For this report, however; aircraft engines are not 
included. This report only addresses internal combustion, diesel-cycle engines. 
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Aircraft, in addition, are fueled by either aviation gasoline or jet fuel, neither of which 
meets the definition of diesel fuel. 
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Table 2 
Off-Road: Categories and Population of Diesel-Fueled Equipment 

Category Population 
2000 2010 

Agric@rai ,. Total 199860 :. 199860 

Motive 193‘9;o 186330 
Portable 3920 3730 

Ahport Ground Support : 1970 2440 ‘., Total 
._ ,’ 

,, .’ Motive 1180 I830 ,., ‘. 
,. : Portable 190 610 

Commercial. ‘. ):,. -,: ‘irzt -53710 : 59460 
17170 19330 

11 _: : ;,., ;_’ :,, ‘,, ,, ., ;. ,. ,.:. ,“,, ,:;,;,I Portable 36210 10130 

-.,.,-: 
7 ,, ,, : ,, ,;- ,I”._ “I_ :.~otal .,_., .;” ‘: ~500 :I ;;> .: ,:I:,:_ ,1.500 

Motive 0 0 _, ,,: .,a, “_ 
‘.‘:,:y 

_; _‘, ,I .,,..; :,“, r,: Portable 1500 1500 

I 

Portable] 
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For all categories, except for commercial marine vessels and locomotives, 
engines are further classified by the following horsepower groups: 45, 16-25, 26-50, 
51-120, 321-175, 176-250,251~500, 501-750, 751-9999, >9999 hp. The statewide 
population of these off-road vehicle and equipment types is expected to increase by 
approximately five percent from 2000 to 2010 (Table 2). 

Staff count activity rather than pieces of equipment to determine emissions for 
commercial marine vessels and locomotive operations, thus Table 2 does not include 
population figures for these two categories. The commercial marine vessel category 
includes U.S. and foreign registered ships, tugboats, crew and supply boats, fishing 
boats, ferries, and other commercial vessels. Yachts and other recreational boats are 
categorized as pleasure craft. 

About nine percent of off-road equipment types are claskified as portable 
equipment for the purposes of permitting. Portable engines are granted permits to 
operate either under local air district rules or through the ARB under the Portable 
Equipment Registration Program. Portable engines are therefore subject to permitting 
requirements for in-use engines in addition to the rules that apply to new off-road 
engines. Portable equipment is discussed in more detail in Appendix II. 

III. EMISSION INVENTORY 

The development of an emission inventory is a multi-agency effort, conducted 
through a public process in which input is solicited from various agencies, air quality 
management districts, engine manufacturers, and technical consultants. The Air 
Resources Board is responsible for the final statewide emissions inventory, which is 
maintained in an electronic database. The California Health and Safety Code (HSC) 
[ss 39607 (b) & 39607.31 requires the Board to approve, at a public meeting, the 
emission inventory for criteria pollutants, including emissions from mobile, stationary, 
area-wide, and non-anthropogenic sources. The Board’s initial approval, under 
HSC § 39607.3, was required no later than January I, 1998 and subsequent updates 
are required at least every three years. 

Table 3 provides a summary of diesel PM emissions from mobile engines for the 
decades from 1990 to 2020 based on the EMFAC2000 1.99f inventory model.’ The 
model includes the effects of implementation of existing regulations, which are 
discussed in Section IV. In general, emissions decline over the four decades because 
of the effects of these regulations. New engines are subject to more stringent PM 
standards, and thus emissions decline as older engines are replaced with new, 
complying engines. Additional details regarding the emission inventories for on- and 
off-road engines are provided in Sections A and B following. 

1 EMFAC2000 1.99f was the approved and public inventory model version at the time this report was 
prepared. 
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Table 3 
Statewide Estimates of Diesel PM Emissions for 1990 through 2020 

On-Road Engines Off-Road Engines’ 
Year 

Population 
Diesel PM 

Population 
Diesel PM 

UPY) UPY 1 
1990 606,700 18,360 476,300 25,310 
2000 687,200 7,500 498,200 18,545 
2010 643,900 5,190 521,300 15,910 
2020 610,200 4865 527,800 12,830 

’ Does not include portable engines, which are discussed in Appendix II. 

A. On-Road Engines 

Methodoloqv. California’s emission inventory for on-road vehicles is an estimate of the 
amounts and types of emitted pollutants. The current on-road motor vehicle emission 
inventory, EMFAC2000, represents more than ten years of effort on the part of ARB 
staff to refine and improve the accuracy of the inventory, as well as to resolve observed 
discrepancies between measured ambient emissions, modeled air quality estimates, 
and estimated emissions. 

Details regarding the scientific basis for the model can be found in the document 
entitled “Public meeting to consider approval of revisions to the State’s on-road motor 
vehicle emissions inventory,” dated May 2000, and in the accompanying Technical 
Support Document. In short, data were collected from all relevant sources and 
analyzed, the model was developed and tested, and the public had the opportunity to 
interact with staff regarding the model. As with the previous model, EMFAC2000 has 
an adjustment to the emission inventory for on-road vehicles to account for mileage 
traveled within California by heavy-duty trucks registered out-of-state. The outcome is a 
much improved model that more accurately describes emissions from on-road motor 
vehicles in California. 

1. Current Emissions 
. 

The estimated statewide 2000 diesel PM exhaust emissions from on-road 
diesel-fueled motor vehicles are about 7,500 tons per year (Table 4). The majority of 
the emissions are generated by two categories of vehicles, medium heavy-duty trucks 
(21%) and heavy heavy-duty trucks (66%). The next largest categories are passenger 
cars (3%) and medium-duty vehicles (3%). The remaining emissions (7%) are from 
light-duty trucks, light heavy-duty trucks, school buses, urban buses, and motor homes. 
The same pattern occurs for NOx emissions from diesel-fueled vehicles, with medium 
heavy-duty trucks and heavy heavy-duty trucks generating 89 percent of the NOx 
emissions from on-road diesel-fueled vehicles, except that the next two largest 
categories for NOx emissions are light heavy-duty trucks (2%) and medium-duty 
vehicles (1%). On-road diesel-fueled vehicle emissions in the South Coast Air Basin 
are 38 percent of the statewide total for diesel PM and 40 percent of the statewide total 
for NOx emissions from diesel-fueled ve,hicles. 
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2. 2010 Emissions 

The estimated statewide 2010 diesel PM exhaust emissions from on-road 
diesel-fueled motor vehicles are about 5,200 tons per year, which is an overall 
30 percent decline from 2000 (Table 4). For passenger cars, light-duty trucks, and 
medium-duty vehicles, the average decline in diesel PM emissions is 60 percent and is 
accounted for by the predicted population decrease in these categories over the decade 
and by the effects of existing regulations. For the heavy-duty vehicle categories, 
existing regulations will cause a 30 percent decline in diesel PM emissions even th.ough 
vehicle population is expected to increase by about 12 percent. A slightly smaller 
overall decline in diesel PM emissions, 27 percent, is predicted for the South Coast Air 
Basin. Diesel PM emissions from buses and motor homes,,.however, are not predicted 
to decline over the next decade. Diesel PM emissions from motor homes are expected 
to increase by one-third from 2000 to 2010, corresponding to a 90 percent increase in 
the predicted motor home vehicle population. 

Emissions of NOx from diesel-fueled vehicles are also expected to decline over 
the next decade by 34 percent statewide and 29 percent for the South Coast Air Basin. 
Again, emissions from motor homes are expected to increase, corresponding to an 
almost doubling of the predicted population (Tables 1 and 4). 
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Table 4 
On-Road Inventory - Diesel-Fueled Vehicles 

NOx 
Category (tons FeM, year) -I (tons per year) 

2000 2010 / 2000 2010 

Passen,ger Car Statewide ’ 241. 66 _, 877 1 2,484 

n/a] SoCAB 706 1 29 / 1,169 i 435 
Light-Duty Twck 1 ., Statewide 44 15 j 457 190 

Up to 3,750 Ibs. GVWR SoCAB I; 4 i 135 62 
Light-Du@ Titik 2.’ Statewide _, 22 11 263 

77 -, 
175 

3,751-5,750’lbs: &VR SoCAB 7 4 j ~, 58 
Medium-D$$ ybhiG!e , “‘.. ‘-, .$atetiide .; .: 219 ,’ 124,, ., 3,152 1 2,597 

5,751-8,500 Ibs. GWVR SoCAB 47 29 694 / 636 
Light,Heavy-Duty Truck ?:. ,‘,, ,I,, :. ‘1: ,St&w@e ‘_ ,) 37 _’ ‘~ ,26 : ,I,903 ,, / 1,289 

8,501-10,000 Ibs. GVWR SoCAB 11 7 636 j 478 
Light Heavy-&ty’Truck ?,,. :, : : State$db ’ . . 1. 33 58 ,I _‘; 3,021. .I. 1,702 

lO,OOl-14,000 Ibs. GWVR SoCAB / 18 ” 

,! 3429 

I 1,048 I 650 

@@rn, Mea@+@ l$ck: ,._ :. ;: ,’ Z+tew@e ‘,: .., .,J$y.,,’ ‘,,’ :.:.~:.+?,754 :‘. 1 32,975 
14,001-33,000 Ibs. GVWR SoCAB 646 617 20,355 / 14,592 

Me,~~,,~,a~~Dutji,~~~ck:::’ cj:, ;; “‘: ;i, : St@$idq’, :,.; ,: : ;i&qZZ?’ :, :“, ‘,: :3,1,27,. :; __ 173,928;,: ] .113,041 
33,001 + Ibs. GVWR SoCAB 1,881 1,267 / 68,956 / 47,515 

~@jt$~,js~ f:, ~.:i,r:;;,;^::ti::;~; ‘; :‘y ‘: I’:_ .?“. I:; :;:‘I. ;‘S@t?,\riide >::I -;i:“ :, ::153, ,‘,* 1.‘ ., :,, +‘.,,, c,, .?57 ;.;: ,,,:,/;;:: :4,81$! ‘_ ,,:I, “..j ,+g 

“SoCAB” - South Coast Air Basin 

B. ‘Off-Road Vehicles and Equipment 

Methodologv: California’s emission inventory for off-road engines and 
associated vehicles is ,an estimate of the amounts and types of pollutants emitted from 
the thousands of pieces of equipment types used in various applications, all of which 
are characterized as “off-road.” The Board approved an initial statewide off-road 
inventory in December 1997. The new computer model for the estimation of off-road 
emissions inventory (OFFROAD) was not completed at that time, however, and the staff 
made the commitment to bring revised estimates before the Board for approval. 

Staff has since provided updated emissions inventories for most of the categories 
of off-road engines or equipment. Updated population and other input data were 
obtained from a variety of authoritative sources and provided to the public for comment, 
along with the updated model. Further modifications to input data and the model were 
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made based on input from interested persons before the inventories were presented to 
the Board for approval. Diesel-fueled engines and equipment were included in three of 
the recently approved inventories: (1) the small off-road engine (~25 hp) emission 
inventory, which was approved March 26, 1998 (ARB, March 1998); (2) the pleasure 
craft exhaust emission inventory, which was approved December -IO,1998 (ARB, 
November 1998); and (3) the off-road large compression-ignited engine emission 
(225 hp) inventory, which was approved January 27,200O (ARB, January 2000). 
Details on the methodology used to derive the off-road inventory can be found in each 
of the associated reports. 

The off-road inventory and model represent the most up-to-date data available to 
the ARB and are a significant improvement over the inventory of diesel exhaust PM10 
presented in the “Proposed Identification of Diesel Exhaust as a Toxic Air Contaminant” 
Part A, Exposure Assessment (Table IV-I) {ARB, April 1998). F.or example, the 
OFFROAD model contains a more comprehensive list of equipment from a wider range 
of categories. Several other parameters, such as emission factors, growth, 
deterioration; and seasonal use, were modified, resulting in a higher inventory of 
emissions- 

Emissions. Most off-road equipment categories include both gasoline- and 
diesel-fueled engines, with exhaust emissions from diesel-fueled engines dominating. 
Over the next decade, existing regulations will result in a decline in diesel PM from 
off-road mobile sources statewide at the same time that the population is growing. The 
total statewide population of off-road equipment, not including locomotives and 
commercial marine vessels, is expected to grow by 5 percent from 2000 to 2010, from 
about 547,000 to 575,000 pieces of equipment. Over the same time period, emissions 
of diesel PM are expected to decline by about 15 percent, from 20,OOO tons per year in 
2000 to 17,000 tons per year in 2010 (Table 5). The decline in diesel PM emissions will 
take place as older, dirtier equipment is retired and replaced with newer, cleaner 
equipment required by existing regulations. 

The follov$ng section provides additional detail on the emissions from motive 
off-road diesel-fueled engines and equipment, excluding portable equipment. Motive 
off-road diesel-fueled engines contribute about 92 percent of the off-road diesel PM. 
Appendix II provides information on the inventory for equipment defined as “portable” 
and regulated either by the local air districts or the ARB under the Portable Engine and 
Equipment Registration program, which generate about eight percent of the off-road 
diesel PM. 
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Table 5 
Off-Road Inventory - Diesel-Fueled Vehicles & Equipment 

SOL-W OYO 

Commercial ’ ;’ :’ ” : 1’:: ,Total . 7,791 
SoCAB 292 252 3,883 3,039 

Commercial Marine‘VesseI’~’ :’ ‘. ‘.I “‘.: ,I Total ‘. 4,522 .&I57 30,060 : 33,493, 
SoCAB 2,531 3,130 14,460 17,247 

Construction. &, Mining;.. ‘;. : :, 1, .:‘I :..~ ‘_. .Total :‘I 7;721 : 5.658 .121.048 83.876 
SoCABl 2:85il 2: 0931 44: 7871 31: 03511 

,’ ~~1;;j2!&;.:;53.3271 :‘< .,28.72(jj 
I CAB1 -2151 '2081 769431 

CAB1 71 Ill 2921 
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1. Current emissions: Motive Off-Road 

Staff estimates there are currently almost 500,000 pieces of motive off-road 
diesel-fueled equipment in California, plus commercial marine vessels and locomotives, 
generating about 18,500 tons per year of diesel PM (Table 6). Four off-road categories, 
dredging, drilling, military tactical support,-and miscellaneous portable, contain only 
equipment classified as portable. Diesel PM emissions in 2000 from all portable 
engines, as discussed further in Appendix II, are about 1,400 tons per year. 

As discussed in the next section on existing regulations, the Clean Air Act 
prohibits California and other states from regulating emissions from new engiks used 
in construction and farming equipment of less than 175 horsepower and in new 
locomotives. These equipment types are termed “preempted.” Statewide, diesel PM 
emissions from motive diesel-fueled equipment in preempted categories, and including 
commercial marine vessels, are about 10,400 tons per year in 2000, which is 56 percent 
of the motive off-road inventory (Table 6). Although not preempted from regulating 
commercial marine vessels, California has worked with the U.S. EPA on nationwide 
regulations because of the difficulty of enforcement and ease with which many of these 
vessels can move to different ports to avoid regulation. ARB is also not preempted from 
regulating off-road engines that are not new, but the inventory does not distinguish 
between new and not-new engines at this time. 

2. 2010 Emissions: Motive Off-Road 

Over the next ten years, total diesel PM emissions from motive off-road 
diesel-fueled sources are predicted to decline by about 14 percent, from 18,500 tons 
per year in 2000 to 16,000 tons per year in 2010 statewide (Table 6). Existing 
regulations lead to these emission decreases as old engines are replaced with new, 
cleaner engines. Emission declines occur in every category except for the commercial 
marine vessel and pleasure craft categories, for which the model- predicts diesel PM 
emissions to increase by about 14 percent over the decade, from about 4,500 tons per 
year in 2000 to 5,200 tons per year in 2010. Diesel PM emissions decline at a 
somewhat higRer rate over the ten years from federally preempted equipment 
(17%) than from the nonpreempted equipment (12%). Pf the increasing emissions from 
commercial marine vessels and pleasure craft are excluded, however, the remaining 
nonpreempted equipment diesel PM emissions are predicted to decline by 40 percent 
as of 2010. 
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Table 6 
Off-Road: Diesel PM Emissions 

By Preempt and Non-Preempt Categories 
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IV. SUIvlMARY OF EXPSTING REGULATIONS 

California law grants the Air Resources Board authority to adopt statewide 
regulations affecting mobile sources. Local and regional authorities may regulate all 
other sources of air pollution. In addition, the Health & Safety Code section 404475(a) 
grants the South Coast Air Quality Management District authority to require fleets of 
15 or more vehicles to purchase clean vehicles2 when adding or replacing vehicles, 
authority which they have recently exercised. 

The federal Clean Air Act grants California the ability to adopt and enforce rules 
for the control of emissions from mobile sources as long as the State standards are at 
least as protective as the applicable federakstandards. In the Clean Air Act 
Amendments of 1990, however, California and other states are prohibited from adopting 
and enforcing emission control standards for two dategories of new off-road engines or 
vehicles: (1) engines used in construction and farm equipment of less than 
175 horsepower and (2) locomotives or locomotive engines. 

The following existing measures that control diesel PM emissions are divided into 
federal measures, California measures, and local measures adopted by the South 
Coast Air Quality Managemerit District. In addition to measures adopted as regulations, 
this section also lists and describes existing alternative strategies, which include 
incentives and voluntary agreements. The sum’maries are provided herein for 
informational purposes only; agency staff and the regulations should be consulted for 
more specific information and for compliance purposes. 

A. Federal Measures 

Federal rules that are the same as or less stringent than California rules are not 
discussed in detail here but are covered in the next section on state measures. For 
certain categories, such as large marine vessels and locomotives, national rules are 
required to fully control what is a national or international fleet. These categories are 
discussed below 

Commercial Marine Diesel [40 CFR Part 941: The standards apply to new 
marine compress!sn-Ignition engines at or above 50 horsepower in commercial vessels. 
The engines are use ti for propulsion and auxiliary power in a variety of applications, 
including fishq bs&s. tug and towboats, dredgers, cargo vessels, and ocean-going 
ships. The standards are similar to the Tier 2 standards for land-based off-road 
compression-:g-mt.zz engines and locomotives and vary with engine cylinder 
displacement a?:: :sred power (Table 7). Class 1 engines are generally derived from 
off-road confqz-at 27s CPass 2 engines are similar to those used in locomotives. 
Standards for t!?cs;,; engsnes are phased in from 2004 through 2007. These standards 
apply only to eq:_o 7 ‘t-s used in commercial vessels, not to engines used in recreational 
boats or pleasurt craft The U.S. EPA expects the marine Cl engine standards to result 

2 Y 

. methanol 0’ s.:‘w eqwalently clean burning alternative fuel .” 
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in a 24 percent reduction in NOx emissions and a 12 percent reduction-in PM emissions 
nationwide in 2030. 

The large international cargo ships that berth in California harbors and travel long 
distances close and parallel to the coast emit the majority of air pollutants from 
commercial marine vessels in California, about 60 percent- The federal rule does not 
cover Class 3 engines used in these ships but defers their control to international treaty 
through the International Maritime Organization, known as MARPOL Annex VI. The 
MARPOL Annex VI international emission standards for NOx are based on rated engine 
speed. 

Table 7 
Federal Marine Diesel Exhaust Emission Standards 

Engine 
Category Displacement (liters/cylinder) 

Power 050 hp, displacement CO.9 

Starting Date NOx+HC PM 
g/bhp-hr glbhp-hr 

2005 5.6 I 0.3 

II 1 0.9 Cl displacement cl.2 
I 

2004 5.4 0.22 I 1 displacement / / v 
1.2 0 ~2.5 2004 5.4 0.15 
2.5 q displacement ~5.0 2007 5.4 ~ 0.15 

b 5.0 0 displacement cl 5 2007 5.8 I 0.2 

Locomotives and Locomotive Engines [40 CFR Part 921: U.S. EPA adopted 
emission standards for NOx, hydrocarbons (HC), carbon monoxide, particulate matter, 
and smoke for newly manufactured and remanufactured locomotives and locomotive 
engines to take effect beginning in 2001 (Table 8). The first set of standards, Tier 0, 
apply to locomotives and engines originally manufactured from 1973 through 2001, 
whenever they are remanufactured in 2001 or later. The Tier 1 and 2 standards apply 
to locomotives and engines originally manufactured on or after January 1, 2002 and 
January 1, 2005, respectively. Tier 2 locomotives will be required to meet the 
applicable standards at the time of original manufacture and each subsequent 
remanufacture. All locomotives are required to comply with both line-haul and switch 
duty cycle standards, regardless of intended usage. U.S. EPA estimates that in 2040 
PM emissions will be reduced by 46 percent compared to 1995 baseline emissions and 
NOx emissions will be reduced by almost 60 percent nationwide. 
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Table 8 
Federal Locomotive Exhaust and Smoke Emission Standards 

Urban Bus Retrofit Rebuild Program [40 CFR Part 851: The U.S. EPA’s 
retrofit/rebuild program for urban buses was intended to reduce ambient levels of PM in 
urban areas. Retrofit and rebuild requirements apply to 1993 and earlier model year 
buses operating in metropolitan areas with 1980 populations of 750,000 or more when 
their engines are rebuilt or replaced. The requirements took effect nationwide as of 
January 2, 1995. California required new urban buses to meet a 0.10 g/bhp-hr standard 
in 1991, prior to the effective date 6f the federal 0.10 g/bhp-hr standard, thus the federal 
retrofit requirements only apply to 1990 and earlier model year engines in California. 

Heavy-Duty Highway Engine and Vehicle Standards 140 CFR Part 861: The 
U.S. EPA has adopted standards for on-highway heavy duty vehicles beginning in 1974. 
The most recent rulemaking, which is described in section B below, adopted more 
stringent standards that take effect beginning with the 2004 model year, and is based 
on a negotiated Statement of Principles between the U.S. EPA, ARB, and heavy-duty 
engine manufacturers. 

Nonroad Diesel Engine Standards 140 CFR Part 891: Following negotiations 
with stakeholders, the U.S. EPA, ARB, and members of the off-road diesel engine 
industry signed a Statement of Principles calling for significantly more stringent 
standards for emissions of NOx, hydrocarbons, and diesel PM emissions from 
compression-ignition engines used in most land-based off-road equipment and some 
marine applications. The final rule, with which California’s rule harmonizes, is 
discussed in more detail in section B below. 

B. California Measures 

Heavy-Duty Vehicle Inspection and, Periodic Smoke Inspection Programs 
[HSC $5 4401 ‘I .6,43701; 13 CCR 35 2180 et seq.]: The Heavy-Duty Vehicle 
Inspection Program reduces excessive smoke emissions and tampering on 
gasoline- and diesel-fueled vehicles above 6000 pounds GVWR through inspections at 
California Highway Patrol inspection facilities and scales, at fleet yards, and in random 
roadside stops. Violators receive citations and are required to perform corrective 

3 California uses the term “of&road.” 
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actions. The ARB resumed the Heavy-Duty Vehicle .lnspection Program on 
June 1, 1998, after a hiatus of four and one-half years, with a revised snap acceleration 
test procedure. 

The Periodic Smoke Inspection program, implemented in 1999, focuses on 
self-inspections of heavy-duty diesel vehicles by fleet owners (fleet being two or more 
vehicles). Owners are required to conduct annual inspections of their 
California-registered vehicles with engines over four years old for smoke opacity and 
make repairs to comply with the smoke opacity standards. Owners maintain records for 
two years, which ARB inspectors may review. The projected statewide combined 
emission benefits for the two-inspection programs are reductions in diesel PM of. ’ 
5.24 tpd statewide.in t999, declining’ to 3.19 tpd by 2010 as new engines result in fewer 
smoking engines on’the road. 

Heavy-Duty On-Road Vehicles [I3 CCR §Q 1956.8 et seq., 1965,2036,2122]: 
Heavy-duty vehicle gaseous emissions were first regulated by California in 1969 and by 
the U.S. EPA in 1974. Over the years, more stringent emission standards have 
paralleled improvements in control technology. In summer 1995, the ARB, the 
U.S. EPA, and heavy-duty engine manufacturers signed an agreement for harmonized 
emission standards nationwide, and to review those standards in 1999. In October’ 
1997, U.S. EPA adopted those national standards for engines, along with changes to 
the existing federal averaging, banking, and trading program, and to useful life and 
maintenance requirements for heavy-duty diesel engines. California amended its 
heavy-duty vehicle regulations to harmonize with the federal amendments in 1998 for 
implementation with the 2004 model year. 

The amendments to existing California emission standards and test procedures 
were designed to harmonize as closely as possible with the federal program. As with 
the adopted federal requirements, the amendments include a NOx plus nonmethane 
hydrocarbon (NMHC) emission standard of 2.4 g/bhp-hr; or 2.5 g/bhp-hr with a 
0.5 g/bhp-hr NMHC cap. Particulate matter standards, however, have not changed 
since the 1994 model year, as shown in Table 9. The federal and California rules also 
include voluntary standards, to which manufacturers may opt to certify engines. 
Engines certified to these voluntary standards would be eligible for marketable credit 
programs. The manufacturer must declare at the time of certificationwhether it is 
certifying an engine family to an optional reduced-emission standard that could 
subsequently be used in a marketable credits program. 
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Table 9 
California Heavy-Duty Vehicle Engine Emission Standards, 

Beginning with the 1988 Model Year(‘) 
(grams per brake horsepower-hour) _ 

I ! Mod+ Year GrossVehic’e 
Weight (pounds) 

PM 

/ 
1988-l 989 over14,OOO n/a 1.3 / 15.5 6.0 n/a 0.60 

3 990 over14,OOO 1.2 1.3 1 15.5 6.0 n/a 0.60 
1991-I 993 over14,OOO 1.2 1.3 15.5 5.0 n/a i 0.25 

1994-l 997 / over14,OOO 1.2 1.3 15.5 i 5.0 / n/a 0.10 
1998-2003 j over14,OOO 1 - 1.2 1.3 15.5 4.0 n/a j 0.10 
2004~later over14,OOO n/a n/a 15.5 n/a 2.4 or 2.5 WI 0.10 

0.5 NMHC 
L caP 
(1) Does not include optional standards applicable to heavy-duty vehicles or urban bus engine standards. 

bow Emission Vehicles [I3 CCR s 1960.1 and others]: The ARB first adopted 
low emission vehicle (LEV) regulations in 1990 to cover the 1994 through 2003 model 
year light- and medium-duty vehicles. LEV PI regulations, running from 2004 through 
2010, were adopted in 1998. The major elements that impact diesel-fueled vehicles 
include extension of passenger car emission standards to heavier sport utility vehicles 
and pick-up trucks with GVWR up to 8,500 pounds, which formerly has been regulated 
under less stringent emission standards; and new cleaner standards for a new 
medium-duty class, for vehicles with GWVR from 8,501 to 14,000 pounds. Vehicles in 
this category, which overlaps with the light heavy-duty vehicle category, will be subject 
to emission standards nearly as stringent as passenger car standards, although 
manufacturers have the option of certifying to the less stringent heavy-duty engine 
standards. Diesel-fueled vehicles up to 8,500 pounds GWVR are unlikely to be able to 
meet these lower chassis standards, thus preventing their sale in California. 

Urban Buses and Public Transit Bus Fleets [I3 CCR 6Q 1956.1-I 956.4, 
1956.81: California’s public transit bus fleet rule was approved by the Air Resources 
Board on February 24, 2pOO. In this rule, diesel PM and NOx emissions from urban 
buses will be reduced through progressively more stringent standards and a program 
that encourages transit agencies to purchase or lease low-emission, alternative fuel 
buses (Table 10). Transit agencies are given the flexibility to choose between two 
compliance paths, either the diesel path or the alternative fuel path. Both paths include 
a PM retrofit phase-in requirement beginning in 2003, and includes a 0.01 glbhp-hr PM 
standard, beginning in October 2002. Continued use of diesel fuel mandates that the 
operator uses ultra-low-sulfur fuel beginning July 1, 2002. In addition, transit agencies 
are required to purchase zero emission buses on a mandated schedule. The low 
emission bus engine standards, together with the zero emission bus purchase 
requirements, will reduce diesel PM emissions by 67 pounds per day and NOx by 
seven tons per day statewide by 2020. 
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Table 10 
California Urban Transit Bus Fleet Rule Requirements and Emission Standards 

I 
Model Year 

“Diesel” Path “Alternative-Fuel” Path 
NOx falbhmhrl 1 PM falbhwhrj I NOx lalbhmhrl / PM la/bhD-hr\ 

I 
.5 (tiOx+r;rMiiC), 0.01 

-:.. 
..‘:-Ll,~~py& _ 

.: ,, 
Oct. 2002 I 4.8 Nt 3x fleet average 4.8 NOx‘fleet I 

2003-2009 
Accelerated PM retrofit requirements’“’ PM retrofit requiremgnts 

q 15 DDm sulfur diesel fuel _ .n 15 DDm sulfur.diesel fuel -.. 
Jul. 2003 

2004”’ 
2007 

3 bus demos of ZEBst4) (large fleets) ’ ’ 
0.50 0.01 .’ 
0.20 0.01 0.2 0.01 

2008 
ZEBs:15% of new purchases (large 

fleets) 
2010 j n/a ZEBs:15% of new purchases (large fleets) 

(2) Although transit agencies on the alternative-fuel path are not required to purchase engines certified 
to these optional standards, the staff expects that they will do so in order to qualify for incentive 
funding. At present, the only alternative-fuel engines available are certified to optional, lower-emission 
NOx standards. 
(3) Transit agencies on the diesel path must meet the PM retrofit requirements at an accelerated rate 
and must complete all retrofits by 2007. 
(4) Zero Emission Bus. A large fleet includes over 200 vehicles. 
(5) In lieu of purchasing buses meeting the 2604 - 2006 emission standards, transit agencies on the 
diesel path may implement an alternative strategy that achieves greater NOx emission reductions. The 
alternative strategy must be approved by the ARB’s Executive Officer. 

Off-Road CompressiorGlgnition Engines [I3 CCR §§ 2420 et seq.]: Exhaust 
emission standards for off-road heavy-duty compression-ignition engines become 
increasingly more stringent, based on the power produced by the engine and ,model 
year (Table 11). The off-road compression-ignition rule was the result of a negotiated 
process that resulted in the Off-Road Statement of Principles (SOP). California is 
preempted by federal statute from adopting emission standards for new off-road 
construction and agricultural equipment with engines less than 175 horsepower, thus a 
national rule was necessary to achieve emission reductions from that subset of engines. 
California’s rule harmonizes with the federal program. Statewide diesel PM emission 
benefits, in conjunction with the federal rule, are 8.5 tons per day in 2010, of which 
0.9 tons per day is from non-preempted equipment and 7.6 tons per day is from 
preempted equipment. In 2001, ARB and U.S. EPA plan to review the feasibility of the 
Tier 3 standards, and of the Tier 2 standards for engines rated under 37 kW (50 hp), 
after which Tier 3 PM standards would be proposed. 
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Table II 
Emission Standards for Off-Road Compression-Ignition Engines 

(grams per brake horsepdwer-hour) 

Maximum Rated Power Tier Model 
Year NOx NMHC+NOx -PM ’ 

to all engines except: (1) single cylinder engines, (2) propulsion marine engines, and (3) constant 
speed engines. 
‘Tier 3 PM standards will be determined after the technology feasibility review in 2001. 

The federal and California rules also include voluntary standards, to which 
manufacturers may opt to certify engines, earning the designation of “Blue Sky Series” 
low-emitting engines. Tier 3 emission levels, where applicable, were chosen as the 
best level for defining Blue Sky Series engines. This represents a reduction of 
approximately 40 percent beyond the Tier 2 NMHC + NOx levels. For PM emissions 
and for engines with no Tier 3 standards, a calculated level corresponding to a 
40 percent reduction beyond Tier 2 levels will be used to qualify as a Blue Sky Series 
engine. Engines certified to these voluntary standards would be eligible for marketable 
credit programs. The manufacturer must declare at the time of certification whether it is 
certifying an engine family to an optional reduced-emission standard that could 
subsequently be used in a marketable credits program. 
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Small Off-Road Engines (~25 hp) and Equipment [I3 CCR @-2400 et seq.]: 
Beginning with the 1995 model year, California has applied progressively more stringent 
particulate matter emission standards to small off-road engines, including those that are 
diesel-fueled (Table 12). According to the small off-road engine inventory, 36% of the 
particulate matter emissions and 62% of the NOx emissions from small off-road engines 
come from diesel-fueled engines. With the signing and implementation of the 
compression-ignition off-road Statement of Principles, standards for small off-road 
engines have been folded into the heavy-duty Cl standards such that future rulemaking 
will be coordinated along the entire range of off-road diesel-fueled engines. 

Table 12 
Comparison of Particulate Standards for Small Off-Road Engines 

(grams per brake horsepower-hour) 

C. Local Measures (South Coast Air Quality Management District) 

Clean On-Road Vehicles for Captive Fleets [Rule 1190 series]: Under 
California Health 8 Safety Code section 40447.5 the South Coast Air Quality 
Management District is given the authority to require public and private fleet operators 
with 15 or more vehicles to purchase clean-fueled vehicles at the time the operators are 
purchasing or replacing vehicles in their fleets. The SCAQMD is, therefore, 
implementing several rules to reduce diesel PM in the South Coast Air Basin:4 

Rule 1191 - Liqht and Medium-Dutv Public Fleet Vehicles, adopted 
June 16, 2000, applies to all government agencies located in the District, including 
federal, state, regional, county and city government departments and agencies, and any 
special districts such as water, air, sanitation, transit, and school-districts, with 15 or 
more vehicles. Exempted are exempting emergency vehicles operated by local, state, 
or local law enforcement agencies; fire departments; paramedic and rescue vehicles;, or 
heavy-duty on-road vehicles. Beginning January 1, 2001, public fleet operators of 15 or 
more vehicles may only procure vehicles that are certified by the ARB as equivalent 
low-emitting gasoline or alternative-fuel’ vehicles, when adding or replacing vehicles to 
their vehicle fleet. 

Rule 1192 - Clean On-Road Transit Buses, adopted June 16,2000, applies to 
those public transit fleets with 15 or more public transit vehicles or urban buses, 
operated by government’agencies or by private entities under contract to government 
agencies, that provide passenger transportation services, including intra- and inter-city 

4 Potential emission benefits from these rules have not been calculated and are not reflected in the 
inventory. 
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shuttle services. The rule does not apply to school transportation services, 
long-distance services, paratransit vehicles, and transit vehicles used for non-public 
transportation. Beginning upon adoption of the rule, public transit operators with 100 or 
more vehicles are required to purchase alternative fuel transit vehicles when adding or 
replacing buses in the vehicle fleet. Public transit operators with 15 to 99 transit 
vehicles are required to comply beginning July 1, 2001. 

Rule 1193 - Clean On-Road Residential and Commercial Refuse Collection 
Vehicles, adopted June 16, 2000, applies to refuse collection fleets with 15 or more 
curbside refuse collection vehicles, operated by government agencies or private 
entities. Fleet operators with 50 or more solid waste collection vehicles are required to 
purchase or lease only alternative-fuel heavy-duty vehicles when adding to or replacing 
curbside refuse collection or transfer vehicles to their fleet, beginning July 1, 2001. 
Refuse collection operators with 15-49 solid waste collection vehicles must comply 
beginning July 1, 2002. Exempted are test and evaluation vehicles and vehicles not 
used for the purpose of collecting or transferring waste. 

Rule 1194 - Commercial Airport Ground Access, adopted August 18, 2000, 
applies to public and private airport fleet operators that operate 15 or more vehicles 
used to pick up passengers from commercial airport terminals. Beginning July 1, 2001, 
operators must purchase or lease ultra-low emission (ULEV) or cleaner light- or 
medium-duty vehicles or alternative fueled heavy-duty vehicles when adding or 
replacing vehicles in their fleets. For shuttle van services that provide multiple-party 
passenger transportation and generally do not operate on fixed, scheduled routes such 
as Supers-shuttle, PR 1194 would require that at least 50 percent of new purchases or 
leases be ULEV or cleaner beginning July I, 2001 and 100 percent beginning 
July 1, 2002. PR 1194 exempts transit buses, commonly termed motorcoaches, that 
travel in and out of the District, and other heavy-duty vehicles that are covered by other 
fleet rules. In addition, if a demonstration is made that an alternative fuel 
engine/chassis configuration is not commercially available or could be used, then a 
conventionally fueled vehicle may be purchased. The portion of the rule applying to taxi 
cab fleets has been delayed for consideration at the October 20,200O hearing. 

Proposed Rule 1195 - Clean On-Road School Buses Rule on hold. 

Proposed Rule 1196 - Clean On-Road Heavy-Dutv Public Fleet Vehicles, not yet 
set for hearing, would apply to for public fleet operators with 15 or more heavy-duty 
vehicles, with certain exemptions. Beginning July 1, 2002, all new additions to an 
existing fleet, or formation of a new fleet, of heavy-duty vehicles would be by purchase 
or lease of alternative-fuel heavy-duty engine or vehicles or dual-fuel heavy-duty 
vehicles. Prior to July 1, 2004, if the fleet operator has an approved Technical 
Infe’asibility Certification for a purchase or lease, the operator could instead purchase a 
diesel-powered heavy-duty engine or vehicle with an approved control device and so 
long as the approved control device is maintained per manufacturer’s specifications. 
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Rule 1186.1 - Street Sweepinq Operations, adopted August 18, 2000, will 
require public and private fleet operators that provide sweeping services to 
governmental jurisdictions and agencies with greater than 15 vehicles to purchase 
alternative-fuel sweepers or otherwise less-polluting sweepers when adding or replacing 
vehicles in their fleet after July 1, 2002. A fleet operator can delay the procurement of 
an individual alternative-fuel sweeper purchase before July I., 2005, if the District 
approves a Technical Infeasib’ility Certification, which would be based on a 
demonstration that an alternative-fueling station is not within five miles of the applicable 
maintenance yard or that, on solely technical reasons, there are no commercially 
available alternative-fuel sweepers for the specific sweeping operations conducted by 
the fleet operator. If the District approves a Technical Infeasibility Certification for an 
individual sweeper purchase, the fleet operator must purchase a Rule 1186-certifed 
sweeper powered by ultra-low-sulfur diesel with all exhaust vented through a 
CARB-approved control device(s). 

Proposed Amended Rule 431.2 -Sulfur Content of Liquid Fuels would prohibit 
the sale of any diesel fuel with a sulfur content in excess of 15 ppm by weight on or after 
July 1, 2003, in the South Coast Air District. South Coast Air Quality Management 
District staff is proposing that the Executive Officer report to the Governing Board as to 
progress toward rule implementation by July 2002. This rule will require approval from 
ARB before it can be implemented by the South Coast AQMD. Set for adoption 
September f5, 2000. 

D. Non-Regulatory Strategies for Mobile Sources 

Non-regulatory strategies include ARB programs that fall within its authority but 
are not implemented through regulation. These programs are usually accomplished 
through legislative action or voluntary agreement. Non-regulatory strategies include 
guidelines, memoranda of agreement (or understanding), and incentive programs that 
result in emission reductions beyond what is required by law, .or at a faster pace than is 
required. 

Carl Moyer Memorial Air Quality Standards Attainment Program (Carl 
Moyer Program) [HSC 55 44275 et seq.]:. The Carl Moyer Program, established in the 
199811999 fiscal year, pays for the incremental cost of repower, retrofit, and purchase of 
cleaner engines that meet a specified cost-effectiveness level for NOx reduction. The 
Program has received funding for three years and has significantly reduced NOx and 
PM emissions from heavy-duty vehicles and equipment traditionally powered by diesel 
engines. The Carl Moyer Program Advisory Board (Advisory Board) has reviewed the 
,program and recommended to the Legislature and the Governor that funding be 
continued for a multi-year program. 

As originally established, the Carl Moyer Program was primarily intended as a 
NOx reduction program. The Advisory Board acknowledged that cancer-causing 
particulate matter emissions are a serious health concern throughout the state, and 
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through its report to the Legislature and the Governor, recommended that the ARB staff 
address this public health issue within the Carl Moyer Program Guidelines. 

W&h the first year’s funding, the Carl Moyer Program reduced NOx emissions by 
approximately four tons per day. Additionally, it reduced particulate matter emissions 
statewide by approximately 100 pounds per day. These reduction& were achieved even 
without specific program criteria to reduce particulate matter. These benefits have 
come from diesel engine to diesel engine repowers where older, less efficient diesel 
engines are replaced with new, more efficient, lower emitting diesel engines. 
Particulate matter benefits have also been achieved through alternative-fuel conversion 
projects. These projects generally provide the greatest emission reductions per engine 
and have the potential for longer-term emission reductions- The types of projects being 
funded include: purchase of new natural gas transit and school buses; purchase-of new 
natural gas and dual-fuel trucks; purchase of electric forklifts instead of internal 
combustion forklifts; and replacement of old diesel engines with newer diesel engines in 
marine vessels, agricultural pumps, and other off-road equipment. 

Locomotive Memorandum Of Understanding (MOU): Federal law preempts 
California from setting standards for new locomotives and new locomotive engines. In 
April 1998, as discussed previously, U.S. EPA adopted national emission standards 
applicable to remanufactured and new locomotives. Measure Ml4 of the California 
State Implementation Plan (SIP) for ozone called for a 67 percent reduction in NOx 
emissions within the South Coast Air Basin by 2010. In order to gain additional 
reductions over the federal rule and meet this obligation, California and the railroads 
negotiated a Memorandum of Understanding, which was signed in ,July 1998. 

The MOU for locomotive emissions is a voluntary agreement between ARB, the 
Burlington Northern and Santa Fe Railway Company, and the Union Pacific Railroad, 
which operate Class I freight railroads within the boundaries of the South Coast Air 
Basin non-attainment area. The agreement accelerates the introduction and use of 
cleaner, lower-emitting locomotives within the South Coast Air Basin. 

Lower-Emission School Bus Program: The California State budget for 
2000/2001 includes $50 million for replacement and retrofit of older diesel school buses. 
The primary goal of the program is to reduce the exposure of school children to both 
cancer-causing and smog-forming pollution. The focus is on reduction of PM through 
replacement and retrofit of 1986 and older buses. Guidelines for expenditure of the 
funds will be adopted by the ARB in late 2000, and funds will be distributed to school 
districts in early 2001_ The funds will be made available, based on population, to all 
school districts in the State. The ARB is working on this program in cooperation with 
the California Energy Commission, tRe State Board of Education, and the local air 
districts. 

There are over 21,000 school buses in California; about 5,000 of those were built 
before 1987 and 1,900 prior to 1977. Engines in these buses do not meet current 
heavy-duty engine standards. Older buses thus emit as much as ten times more diesel 
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PM and three times more NOx than current low-emission natural gas buses. Only new 
buses with engines certified to low PM and NOx levels will be eligible for funding. 
Emission control retrofit devices approved for use will be required to have been verified 
that they-achieve an 85 percent reduction efficiency. These requirements are similar to 
the recently adopted urban transit bus rule. Because school districts have limited funds 
for school bus purchase and maintenance, staff expects that the program will be 
designed to cover all of the cost of retrofit and the majority of the cost of new buses. 

V. RECOMMENDED MEASURES FOR REGULATORY ACTION 

Diesel-fueled engines overwhelmingly dominate the large truck, bus, and off-road 
equipment markets, and have been-growing in,market share of the medium-duty and 
light heavy-duty vehicle market over the la_st decade. Manufacturers also plan to 
increase sales of diesel-fueled light-duty trucks and passenger cars nationwide over the 
next several years, although California’s LEV II standards will slow diesel growth in 
these sectors in this state because of the stringency of the standards. Finally, some of 
the hybrid-electric vehicles in the research and development phase use diesel-fueled 
engines for power. Based on these market trends, lower new engine standards, along 
with low sulfur diesel fuel, are necessary to reduce exposure to diesel particulate 
emissions in California. 

In addition to further tightening emission standards for new engines, emissions 
from existing compression-ignition engines must be lowered. Compression-ignition 
engines typically have useful lifetimes of 400,000 miles and longer. An engine is rebuilt, 
rather than replaced, when it reaches the end of its useful lifetime. Current regulations, 
except those applying to urban transit buses, allow the engine to be rebuilt to standaids 
in effect at the time of original manufacture. Until recently, programs; designed to 
ensure compliance with emissions in-use, such as on-board diagnostics, in-use 
compliance, and inspection and maintenance, have been primarily focused’on 
gasoline-powered light- and medium-duty trucks and passenger vehicles. To reduce 
exposures to diesel PM, then, California needs to reduce emissions from existing 
vehicles and equipment, not just from new engines. 

The Diesel Risk Reduction Plan is not in itself a regulatory action, but a blueprint 
for future action The measures proposed here comprise a comprehensive program to 
be implemented over the next decade in California to control emissions and reduce risk 
from exposure to diesel PM over the complete lifetime of diesel-fueled engines. At the 
same time, many of the proposed measures will also control and reduce emissions of 
NOx and other crltena and toxic air pollutants from compression-ignition engines. 
During the actml r:Jlemaking process for each recommended measure the 
cost-effectiveness a-;:! technological feasibility of each recommended measure will be 
fully assesseti E a:!- recommended measure will be developed, through a public 
process, with fi.‘r oxortunity for stakeholders to participate before a rule is finalized. 
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Table 13 provid.es a summary of the measures, expected emission reductions, 
and expected cost per unit for implementation. Most non-regulatory strategies are not 
included in Table 13 but are discussed in the text. 

Table 13 
Recommended Mkasures to Reduce Diesel PM from Mobile Sources 

Measures 

On-Road Measures 

Proposed 
Board 

Adoption 
Date 

Proposed 
Implementation 

Date 

Est. PM Reduction, 
tons per year 

2010 1 2020 

Est. NOx Reduction, Est cost 

tons per year 
per Engine 

8 

2010 1 2020 

Supplemental test procedures for 
HDV certification 
Lower emission s 
cln\f .annin6x 

2000 2005 

I 
tbd 

,tandards for new 2001 ZOO? 1,565” u.,m4 

, *-. -..J...‘e W6) (f --- \_(_. -) (32,880) 
674-1,117 

Control of emissions from existing 
engines (retrofit) 

2002 2002-2008 1,865 (770) 
;80 ’ 

(128) -- - 
1,900-9,500 

Solid waste collection vehicles “. : :; c: ‘:::..I 2002 _ %, \, _ ,‘~ ,’ 1 ::, ;.. ,: ,, _. _. : :,, _, ‘. ~,L _’ ;< .j , .;d, /x . ~ : ,,‘- 

Other public HDV fleets . I ). pi; ” ,j I:...;:, 2002 .-. ‘.-SF *. ,,, ,~.‘,~,.. ._, ,. ,/ ;~.:‘;. .” ,;“, ,, ;,. : :. y ,‘y ,,- 1 ;’ :, ::T 1 :,\ j .q,, ,,:I’ ,.‘3 ‘, : . . _ 

Other public & private HDV fleets : :... .: _ :‘:.,‘~ : %’ 2003-2008 .:.,.?‘,:,,, ‘it:; ‘,,?i “-“: ,-‘. .,,_: ._ “.. i .::, .y ) _‘, . :, ,,y ,,;,. > :;‘., _. I ‘“f : 

Control of HDV in-use emissions 2003 2005 tbd tbd 

,-., ~_ 

130-i 50 

* Statewide emission reductions (South Coast Air Basin emission reductions) 
**Retrofit measures specifically target PM reductions and not NOx 
#Future NOx controls were adopted in January 2000, thus staff assumed no NOx reductions would be included with 
this measure. 
tbd: to be determined; data not available 

A. On-Road Vehicles 

The Air Resources Board has over 30 years of experience in regulating 
emissions from on-road mobile sources. The proposed measures described in this 
section reflect both past experience with regulating on-road mobile sources of air 
pollution and informed future expectations for technological solutions. New engines 
standards would be tightened,to reduce emissions in the future. In the present 
time-frame, diesel PM emissions from existing vehicles would be reduced by the 
addition of aftertreatment technology to reduce diesel PM directly and through in-use 
compliance programs that will maintain the improvements achieved through cleaner 
new engine standards and retrofits. 
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Supplemental Test Procedures for Heavy-Duty Vehicle Certification 

Description of the Proposed Measure 

Ai a part of a required technology assessment of the 1997 heavy-duty vehicle 
standards, the U.S. EPA announced in an October 1999 notice of proposed rulemaking, 
supplemental strategies to ensure lower emissions from heavy-duty vehicles beginning 
with the 2004 model year. The supplemental strategies include additional emission test 
procedures designed to ensure that engine exhaust emissions are controlled over the 
range of operating conditions. The strategies were modeled on the “pull-ahead” 
provisions of the heavy-duty diesel emissions consent decree between U.S. EPA and 
heavy-duty engine manufacturer? that had incorporated illegal emission control defeat 
algorithms into their engine control systems. The final rule, however, was not 
promulgated by U.S. EPA in time for a 2004 implementation and it is not clear that the 
relevant, provisions of the consent decree will remain effective through the 2006 model 
year. 

The “pull-ahead” provisions of the consent decree require manufacturers to 
produce engines that comply with the 2004 model year Federal Test Procedure 
Standards and the supplemental strategies beginning in October 2002 for 24 months of 
full compliance. Recently, the settling manufacturers have indicated that under certain 
circumstances the emission limits for the supplemental strategies cannot be met. The 
pull-ahead provisions allow extension of these requirements until 24 months of full 
compliance is attained. The U.S EPA is therefore seeking to extend the pul!-ahead 
provisions until the 2006 model year, after which more stringent new engine standards 
are proposed to take effect. 

Staff believes that these supplemental strategies for model year 2005 and later 
heavy-duty diesel engines are feasible and should be implemented in California, if 
necessary because of changes to the consent decree. Together with the transient 
Federal Test Procedure, the goal of the proposed supplemental test requirements is to 
more closely model real world operations and conditions. The relevant test procedures 
include a supplemental steady-state test consistent with the European Union’s “EURO 
III ESC Test” with accompanying standards and Not-To-Exceed emission limits. The 
new standards would apply to certification, production line testing, and vehicles in actual 
use. This combination of tests is designed to ensure that engine emissions achieve the 
expected level of in-use emissions control over all expected operation regimes. 

Feasibilitv 

Seven of the largest heavy-duty diesel engine manufacturers will be 
implementing measures to reduce emissions beginning October 1, 2002, to meet the 
requirements of the heavy-duty diesel emissions consent decree.” The agreement 

z A parallel settlement agreement was negotiated by ARB and the engine manufacturers. 
The Heavy-Duty Diesel Emissions Settlement settled lawsuits brought by U.S. EPA and ARB alleging 
excess in-use emissions from defeat devices and algorithms. 
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requires those manufacturers to meet a 1.25 Not-To-Exceed limit, a 1 .O‘Euro III ESC 
limit, and to test engines over, and ultimately comply with, a load response test and 
limit. Given that the manufacturers have agreed to meet these standards in 2002, staff 
believes-that this proposal is feasible for the industry as a whole by the 2005 model 
year. Should U.S. EPA identify an enforceable mechanism to assure compliance with 
these additional standards and procedures beyond 2005, adoption by California of this 
measure would not be required. 

Probable emission control strategies include exhaust gas recirculation (EGR) and 
fuel injection rate-shaping. EGR is the recirculation of exhaust gas from a point in the 
engine’s exhaust system to a point in the intake system. EGR reduces NOx emissions 
by up to 90 percent at light load and up to 60 percent at full load. EGR tends, however, 
to increase diesel PM emissions, a problem that can be controlled through proper 
system design. Fuel injection rate-shaping refers to precisely controlling the rate of fuel 
injected into the cylinder on a crank-angle by crank-angle resolution. It has been shown 
to simultaneously reduce NOx by 20 percent and PM by 50 percent under some 
cond.itions. Several manufacturers and fuel system suppliers have demonstrated fuel 
injection systems that can achieve effective rate shaping, and fuel injection rate-shaping 
is used to a limited extent today (U.S. EPA, October 1999). 

Estimated Emission Reduction 

The proposal is expected to reduce diesel PM emissions through the reduction of 
secondary PM formed when NOx reacts with ammonia in the atmosphere to yield 
ammonium nitrate particulate and directly through the NTE limits. According to the 
U.S. EPA’s draft Regulatory Impact Analysis (U.S. EPA, August 1999) for every 25 tons 
of NOx reduced, one ton of secondary PM is reduced. The emission benefit for 
California is unknown at this time. 

Estimated Costs to Businesses. State and l-ocal Aqencies 

Six of the largest diesel engine manufacturers, representing about 90% of the 
market, however. have already agreed to comply with similar emission standards as of 
October I, 2002 under the consent decree, and thus would incur no additional costs 
from a California rule For non-consent decree manufacturers, additional information 
and data are reP”‘r ull ed to calculate the cost of compliance, including the cost of 
additional hardware and of research and development. State and local agencies would 
be expected to ~ncirr the additional costs, as passed on by manufacturers, to purchase 
vehicles. The ARB would have increased costs for monitoring compliance. 

Lower Emission Standards for New Heavy-Duty Engines 

Descrrp~::r~~,s,’ the Proposed Measure 

Staff has ze?errrmed that a PM emission standard of 0.01 g/bhp-hr for new 
heavy-duty engines to take effect for the 2007 model year is feasible. In addition, other 

III - 27 



DRAFT - DO NOT CITE OR QUOTE 143 

emission standards could be reduced: NOx to 0.20 g/bhp-hr, and NMHC to 
0.14 g/bhp-hr. The proposed PM standard represents a 90 percent reduction from the 
current PM standard of 0.10 g/bhp-hr, which has been in effect since the 1994 model 
year. Achieving the proposed PM standard will require the use of a highly efficient 
diesel particulate filter in conjunction with ultra-low-sulfur diesel fuel. 

Feasibility 

On May 17, 2000, the U.S. EPA released a Notice of Proposed Rulemaking that 
would adopt these proposed emissionstandards nationwide, judging them-feasible-. -.-- -. 
beginning in 2007. The proposed standards have already been adopted by California 
for public transit buses. High-efficiency PM after-treatment technology has-been. ” ‘-- . 
available for several years and has been applied with success in Europe and Asia. The 
proposed standard, along with more stringent standards proposed and being 
implemented in European-and Asian countries, will spur additional research and 
development. In addition, research and development trends indicate that systems to 
significantly reduce both PM and NOx emissions will be commercially available and 
cost-effective within the proposed timeframe. Finally, ultra-low-sulfur fuel (15 ppm cap), 
which will be required to protect the after-treatment devices, should be available 
nationwide before 2007. 

Estimated Emission Reductions 

The estimated emission reductions from the proposed standards depend on 
projected population growth of heavy-duty vehicles and vehicle-miles-traveled, PM 
emission factors, and engine deterioration rates. To model emission reductions, staff 
assumed that all new 2007 and subsequent model year engines conform to the 
0.01 g/bhp-hr PM standard. The NOx standard (0.2 g/bhp-hr) is assumed to phase in 
as follows: 25 percent of new 2007 model year engines, 50 percent of new 2008 model 
year engines; 75 percent of new 2009 model year engines; and 100 percent of new 
2010 and subsequent model year engines. This follows the U.S. EPA-proposed phase 
in schedule. A more rapid phase in period for NOx would reap greater emission 
reduction benefits. 

In California, approximately 25 percent of the heavy heavy-duty diesel 
vehicle-miles-traveled are driven by vehicles registered out-of-state that are subject only 
to the federal emission standards. As a result, both a California and a Federal action to 
adopt lower emission standards based on after-treatment are necessary to maximize 
emission reductions in California. Based on the’modeled assumptions and on both a 
California and a Federal rule, staff estimates diesel PM will be reduced 1,565 tons per 
year in 2010 statewide, increasing to 3,519 tons per year in 2020 statewide,when a 
greater proportion of the fleet will have turned over. Expected reductions in NOx 
emissions are 23,105 tons per year statewide in 2010, increasing to 72,664 tons per 
year statewide in 2020. 
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Estimated Costs to Businesses, State and Local Aqencies 

The costs of meeting the proposed 2007 model year emission standards 
estimated by U.S. EPA are summarized in Table 14 (U.S. EPA, May 2000). The cost of 
a catalyzed diesel particulate filter, the most effective current option for PM control, is 
compared to new engine cost for each heavy-duty vehicle category. The cost of the 
diesel particulate filter includes both fixed costs, i.e., retooling, research and 
development, and certification; and variable costs, i.e., hardware, assembly, and 
markup. The average engine horsepowers in Table 14 were derived from the U.S. EPA 
certification database for the years 1999 and 2000. Diesel particulate filter operation 
requires the use of ultra-low-sulfur fuel. The. incremental cost of this fuel-is expected to- 
be less than $0.05 per gallon and is discussed further in Appendix IV. Each of these 
estimated incremental cost increases is expected to be less for 2012 and subsequent 
model year engines- 

Table 14 
On-Road Engines: Future (2007) Costs of Catalyzed Diesel Particulate Filter per 

Vehicle, Based on High Volume Production 

Vehicle Class- 

Average Horsepower 
Catalyzed DPF Cost 

Light Heavy-Duty 

190 
$674 

Medium Heavy-Duty 

250 
$894 

Heavy Heavy-Duty 

475 
$1,117 

New Engine Cost 
$8,527 $23,722 

Staff expect that manufacturers will pass along these costs to purchasers, which 
will increase costs to business owners and state and local agencies that purchase these 
vehicles. ARB will incur additional costs of monitoring compliance. 

Control of Emissions From Existing On-Road Engines - Retrofit 

Description of the Proposed Measure 

While new engine standards can provide significant, long-term reductions in 
emissions as the fleet turns over, near-term emission reductions can only occur through 
programs that target the in-use fleet. These near-term emission reductions do not rely 
on vehicle turnover, a slow process within the heavy-duty truck fleet, but will improve 
the air quality in the near-term. The air quality and health benefits will last until each 
retrofitted truck is removed permanently from service, to be replaced with a new, lower 
emitting truck. A retrofit program that requires owners, especially of heavy-duty trucks, 
to retrofit their existing vehicles to reduce diesel PM could achieve significant diesel PM 
reductions and result in significant health benefits as the air quality improves in the 
near-term. At the same time vehicles are retrofitted for diesel PM reduction, they could 
also be retrofitted for NOx emission reduction, also providing near-term health benefits. 
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Staff believes that requiring existing heavy-duty vehicle owners to install 
aftertreatment devices would effectively reduce diesel PM, while simultaneously 
reducing NOx emissions, in the in-use fleet. The retrofit requirement could allow for 
different implementation dates, from 2002 through 2008, for different types of fleets. 
Retrofit requirements would be phased-in by vehicle application type and ownership of 
fleet vehicles. A PM retrofit requirement beginning January 1, 2003, has already been 
adopted for transit buses. The California 2000/2001 budget includes $50 million for a 
program aimed at replacing or retrofitting old school buses. 

Fleets that ARB will address in the future include solid waste collection trucks, 
operated by cities, counties, special districts, and private contractors; other on-road 
heavy-duty publicly-owned fleets; and privately-owned heavy-duty fleets, including 
rental motorhome fleets. Heavy-duty trucks not in fleets will also be retrofitted. The 
inventory of diesel-fueled passenger cars, light-duty trucks, medium-duty vehicles, and 
motor homes will be examined in more detail to determine if retrofits for these vehicles 
would be a cost-effective diesel PM reduction strategy. 

Certain types of heavy-duty diesel-fueled vehicles could be exempted from the 
proposed PM retrofit requirements, such as heavy-duty trucks scheduled for retirement 
within two years of implementation and all alternative-fueled heavy-duty vehicles. 
Vehicles exempted by statute include publicly-owned emergency vehicles, including 
those operated by peace officers and fire fighters; vehicles owned by mosquito 
abatement, vector control, and pest abatement districts or agencies; and ambulances 
operated by private entities under contract to public agencies. 

Feasibi,ri& 

Several types of retrofit emission control technologies are available with varying 
levels of demonstrated effectiveness at reducing PM and NOx emissions. The list of 
available retrofit technologies includes diesel oxidation catalysts, diesel particulate filter 
systems, selective catalytic reduction, air enhancement technologies, such as electronic 
superchargers, and thermal management technologies, such as heat recuperators 
combined with oxidation catalysts. In some applications, two or more of these 

. 

technologies can be combined to provide even greater emission control (MECA, March 
2000). Technologies are discussed in more detail in Appendix IX. 

The type of technology currently closest to commercialization with the maximum 
ability to reduce particulates to near zero is the diesel particulate filter. Diesel 
particulate filters have been demonstrated to reduce diesel PM by over 85%, depending 
on the operating cycle. Retrofit demonstration programs with diesel particulate filters 
began in the 1980s. In Europe, original equipment diesel vehicles with particulate filters 
are being offered commercially by Daimler-Benz and MAN on buses and Liebherr and 
Deutz on construction engines. Over 3,000 systems are in use in England, 
Scandinavia, and Germany. Oberland-Mangold had over 1000 systems in use on 
forklifts, construction site engines, stationary engines, passenger cars, and trucks. The 
company Linde + Still installs about 1,500 diesel particulate filters annually in forklifts. 
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Finally, since 1990 the city of Zurich has operated 150 city buses and the city of Munich 
has operated 400 city buses with diesel particulate filter systems (Mayer 1998). 

Pilot retrofit programs are currently in process in South Korea and Taiwan. In 
Taiwan, hundreds of buses have been equipped with different emission control 
technologies including catalysts and filters. In Korea, over 200 filter systems were 
evaluated on trucks and buses. In addition, Japan has recently stated its plan to require 
all diesel-fueled vehicles entering Tokyo to be equipped with diesel particulate filters - - 
(DieselNet 2000; Anonymous 2000). In the United States, the New York Metropolitan 
Transportation Authority has recently announced that it will install diesel particulate 
filters on every diesel bus in its fleet, over 3000 buses, by 2003, and will begin using 
ultra-low-sulfur fuel. 

Estimated Emission Reduction 

To estimate the emission impact for each phase, staff requires information on 
publicly- and privately-owned fleets and individually-owned vehicles, including the 
heavy-duty diesel vehicle population by category, model year distribution, and 
vehicle-miles-traveled distribution for each retrofit phase. Easily obtainable registration 
data from the Department of Motor Vehicles does not identify heavy-duty vehicles by 
public or private ownership, and thus additional data collection will be required. For the 
purpose of this report, however, estimated emission reductions have been calculated for 
the population of existing heavy-duty engines for the years 2010 and 2020. Retrofitting 
with diesel particulate filters would not reduce NOx emissions, but a retrofit rule will 
require that NOx emissions not be allowed to increase. 

Staff assumed that 90 percent of medium heavy-duty trucks are retrofitted by 
2010, using emission control devices that remove 85 percent of diesel PM. For heavy 
heavy-duty trucks, staff assumed that a lesser percentage, 75 percent, of the engines 
would be retrofitted, adjusting for the vehicle-miles-traveled of out-of-state trucks. Staff, 
therefore, estimate emission reductions of 1,865 tons per year statewide in 2010, 
declining to 280 tons per year statewide in 2020, as retrofitted vehicles are removed 
from the fleet and replaced with new engines. Higher emission benefits, of course, 
would be realized if out-of-state trucks that operate in California are retrofitted. 

Approximate Cost To Businesses, State and Local Agencies 

Businesses, State and local agencies will incur costs of retrofitting existing 
vehicles. While additional information must be collected prior to a formal rulemaking, 
the costs reported herein represent staffs best current estimate based on surveys of 
emission control equipment manufacturers, and assume low volume production and 
purchasing in the near term (Table 15). While vehicle owners may choose to use 
differing technologies to meet the retrofit requirement, this analysis will only cover the 
minimum technology requirement to reduce the maximum amount of PM emissions, i.e., 
the diesel particulate filter. The costs reported in Table 15 are based on $10 to $20 per 
horsepower for a catalyzed diesel particulate filter, as reported by the Manufacturers of 
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Emission Controls Association (MECA, March 2000). Staff expects the actual cost as of 
the implementation date of this proposal to be somewhere in between these high and 
low estimates. The cost of ultra-low-sulfur fuel is discussed in detail in Appendix IV. 

Table 15 
On-Road Engines: Diesel Particulate Filter Costs for ketrofitting 

Current Vehicles 

Because this proposal is expected to impact small business owners such as 
individual truck operators, staff recognizes that there is a benefit in establishing funding 
to assist those parties in order to implement the retrofit program smoothly. Public 
agencies will also incur costs, which would need to be borne by the state and local 
agencies. In addition, the ARB will have additional costs associated with certification of 
after-treatment devices, compliance, and public outreach and education. 

Control of In-Use. Emissions for Heavy-Duty Vehicles 

As new engine emission standards decline, manufacturers will need to adopt’ 
increasingly complex strategies to comply with the regulations. Electronic engine 
control, with associated sensors, engine design changes, and exhaust after-treatment 
are all used to reduce emissions. With this increase in engine design complexity will 
come a corresponding increase in opportunities for malfunctions and premature failure 
of the emission control system. Staff therefore recommends adoption of a 
comprehensive program to control emissions from existing engines in-use. The 
following describes three strategies, in-use compliance testing, on-board diagnostics 
system, and an inspection and maintenance program that staff believes can be adopted 
for on-road heavy-duty diesel vehicles. 

Description of the Proposed Measures 

/n-Use Compliance Tesfing. In-use testing programs are designed to monitor the 
emission levels of vehicles over their lifetime and to ensure that engines do not exceed 
their applicable certification emission standards. Under the current light-duty vehicle 
program, vehicles are selected and procured for testing. Emissions are measured and 
compared to certification levels. If enough vehicles of an engine family fail the testing, 
ARB can order a recall and the manufacturer must fix the problem that caused the 
failure. Although ARB has authority for an in-use program for heavy-duty vehicles, 
currently it is not being implemented. Heavy-duty engines are certified separate from 
the vehicle, and thus in-use testing requires removal of the engine from the vehicle for 
testing on an engine dynamometer. 
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Staff believes, however, that the implementation of an in-use compliance 
program for heavy-duty diesel vehicles patterned after the light-duty compliance 
program could ensure low in-use diesel PM emissions. An in-use testing and recall 
program for heavy-duty vehicles that is based on chassis testing, rather than engine 
testing, would reduce the time and cost of conducting an in-use program.7 A chassis 
test is an emission test conducted while the engine is in-place, on the vehicle, as 
received by the testing facility. AR6 is currently investigating development and 
feasibility of a chassis test program, which would-include determining chassis test 
cycles and failure levels, taking into account the certification test and emission 
standards. 

Current in-use testing programs for light-duty vehicles have proved highly 
effective at reducing excess emissions from the fleet. When AR6 first began testing 
passenger vehicle engine families for in-use compliance, the staff recorded close to a 
90 percent failure rate. The in-use testing program and associated recalls have 
provided manufacturers with the incentive to develop more robust ‘emission control 
systems. As a result, manufacturers have reduced the in-use failure rate to less than 
15 percent, even though staff select engine families for testing that are expected to 
experience failures. This dramatic improvement is evidence that a properly run in-use 
compliance program will dramatically reduce in-use emissions. 

On-Board Diagnosfics Sysfem. On-board diagnostics (OBD) systems are 
designed to reduce emissions throughout the life of an engine through monitoring, 
emission-related parts and sensor outputs. Staff believes that expansion of OBD for 
heavy-duty vehicles could reduce in-use emissions- In passenger cars, light-duty 
trucks, and medium duty vehicles OBD systems monitor the components of the 
emission control system of the vehicle and notify the operator or an inspector of any 
malfunction through the use of a malfunction indicator light and stored computer codes 
(fault codes). This information not only informs the operator when there is a problem 
but also assists mechanics in identifying the cause of the problem. 

AR5 is taking the lead and is working closely with the U.S. EPA on the 
development,and implementation of this program. Staff expects a heavy-duty OBD 
program to be structured closely after the current light- and medium-duty vehicle 
program. The heavy-duty program, which could be coordinated with implementation of 
the existing 2004 standards, will monitor emission-related parts such as the fuel 
metering system, after-treatment devices, sensors, turbocharger, EGR, and misfire 
detection. Advances in technology and failure detection may also make it possible to 
reduce inspection and maintenance testing (discussed below) by combining the OBD 
system with a transponder. Such a system could not only notify the driver of an 
emission-related problem, but also be capable of sending this information to a 
centralized location. 

7 In the State Implementation Plan, Measure M-17 recommends heavy-duty vehicle in-use testing 
based on a chassis test. 
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,lnspecfion and Maintenance Program. The ARB has had authority to perform. 
tests and enforce limits on smoke opacity from diesel engines since the late 1980’s. 
These in-use exhaust tests measure the opacity of the exhaust plume and are credited 
with PM reductions of approximately 39 percent by 2010. Since these tests are unable 
to measure NOx, the mass of fine particulates, and other air toxic compounds, however, 
a cost-effective alternate method of measurement needs to be developed. 

Measure M-17 of the State Implementation Plan calls for incorporation of NOx 
screening as a part of the Heavy-Duty Vehicle Inspection and Periodic Smoke 
inspection Programs. At the same time, staff believes that heavy-duty vehicles could be 
held to lower diesel PM standards, including a standard of no-detectable visible smoke 
emissions for newer engines. Currently, owners are subject to enforcement action 
when visible smoke meets or exceeds 70 percent opacityfor pre-1991 engines and 
40 percent or greater opacity for 1991 and newer engines. Since June 1998, the 
monthly average failure rate has varied between four and nine percent, with an overall 
average of 7.8 percent (ARB, May 2000). 

A new test procedure for heavy-duty diesel vehicles could be similar to an in-use 
compliance test discussed above. The vehicle would be placed on a chassis 
dynamometer and emission levels would be measured directly from the exhaust stack 
or tailpipe. A smog check-type program could be operated similarly to smog check for 
passenger cars or tied through a voluntary program to the on-board diagnostics (OBD) 
system. With OBD-equipped vehicles, the system could be configured to send out a 
low power signal indicating the system status. California Highway Patrol-operated 
weigh stations, which already are used for safety and smoke opacity inspection, could 
receive the low-power signal. If the signal indicates a properly functioning pollution- 
control system, the test would be waived. If the signal indicates a malfunction, the 
vehicle would be stopped for a chassis-based inspection. Vehicles not equipped with 
the ability to send the system status to the receiver, or vehicles on which the 
transponder is not activated, would be subject to annual or biannual pollution control 
system inspections. 

Feasibilitv 

/n-Use Compliance Testing. A heavy-duty in-use compliance program would 
likely be structured after the current light- and medium-duty programs, which utilize 
chassis-based test procedures, allowing staff to rapidly determine compliance with 
applicable standards. Currently, heavy-duty diesel vehicle engines are certified using 
an engine test. In order to verify the emission levels of these engines in-use, the engine 
must be removed from the vehicle and installed on a stationary engine dynamometer. 
An owner would need to be provided a monetary incentive to compensate for the loss of 
vehicle usage during in-use testing or a new engine provided to replace the one that is 
removed. Staff estimates that testing an engine family (ten engines) could cost 
$300,000 to $700,000. A chassis-based test procedure, therefore, will be necessary in 
order to implement a large-scale, cost-effective in-use compliance program. 
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On-Board Diagnosfics System. On-board diagnostic systems have been 
successfully used in light- and medium-duty applications. Medium-duty diesel-fueled 
vehicles have been required to use on-board diagnostics since the 1997 model year in 
California Staff anticipates the same approach used for light- and medium-duty 
vehicles will be directly transferable to heavy-duty applications. _ 

One of the key components of gasoline vehicle OBD systems is the oxygen 
sensor, which monitors and controls conditions for the catalyst. The analogous 
component for a diesel engine would be a NOx sensor. A NOx sensor with the 
necessary sensitivity and durability is not yet currently commercially available. There 
are, however, at least two manufacturers currently working on this issue that may bri.ng 
commercially viable products to the market in the necessary timeframe. Given the 
available lead time and technology concerns, implementation of OBD for heavy-duty 
vehicles is expected to be feasible and effective. 

inspection and Maintenance Program. As with in-use compliance testing, the 
feasibility of an inspection and maintenance program is tied to the development and 
adoption of a chassis-based test that can be done in an acceptable amount of time, 
such as 15-25 minutes. An acceptable program would be quick, relatively inexpensive, 
and not require a huge new infrastructure for implementation. Staff will be exploring 
these issues but believes that these conditions can be met. 

Estimated Emission Reduction 

In-use emissions control programs are designed to ensure that the emission 
reductions expected from new engine and retrofit measures are realized, thus staff has 
not estimated emission reductions Specifically from the programs proposed herein. 

Approximate Cost To Businesses, State and Local Aqencies 

A provision for an in-use compliance program for heavy-duty diesel engines is 
currently included in the present regulations. The ARB anticipates developing a chassis 
test to allow for lower cost in-use compliance testing. This would reduce the overall 
cost of an in-use test program by eliminating the expense of removing the engine from 
the vehicle to perform an engine-based test. Testing costs may be borne by the State, 
and the cost of recall would be borne by manufacturers and passed on to consumers 
through higher vehicle or engine costs. 

Because most new diesel engines on the market are currently equipped with 
most of the required sensors and computer controls necessary for an OBD system, staff 
estimates the cost of upgrading their present control package to include an OBD system 
should be approximately $30 - $50 per engine. This includes the cost of upgrading the 
current capacity of their present systems as well as the programming costs associated 
with OBD and is similar to that estimated for converting light-duty OBD vehicles to OBD 
II systems. Staff does recognize that the cost of adding an OBD system will be higher 
for those manufacturers who do not presently employ advanced computer-controlled 
systems. Staff has not yet determined the exact cost to monitor heavy-duty diesel 
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after-treatment devices, or to measure NOx directly. The necessary equipment to 
monitor NOx emissions and after-treatment devices, however, should cost less than 
$100, for a total per vehicle cost of $130 to $150 (Table 16). 

Table 16 
On-Road Engines: Heavy-Duty OBD Estimated Costs 

Item 
CPU upgrade and necessary programming 
Additional sensors (NOx + After-treatment) 
Total estimated costs 

The cost for inspection and maintenance programs varies considerably 
depending on the scenario or test procedure used. For vehicle owners who are part of 
a voluntary transponder-equipped OBD system, the cost could be a minimal annual fee. 
For older’vehicles and those that are not participating in the voluntary transponder 
program, the cost of “smog-check-type” testing could be as high as $100 - $200 per 
vehicle per test. Staff requires additional data, however, to more accurately estimate 
costs. State and local agencies would be subject to the same costs as businesses. 
The ARB would incur additional costs to administer the program, which may be offset by 
the elimination of the Periodic.Smoke Inspection Program. 

B. Off-Road Vehicles and Equipment 

Virtually all technologies or control strategies that can be applied to on-road 
diesel engines can also be applied to off-road diesel engines, although the effectiveness 
of those strategies may vary considerably because of the different nature of off-road 
operation. From an administrative standpoint, the most significant difference from 
on-road vehicles is that, with the exception of engines registered under the portable 
engine registration program, pleasure craft, and off-road motorcycles, off-road engines 
and vehicles are not registered by the state. Thus, there are only limited mechanisms, 
such as warranty registration and local permits, with which to ensure the application of 
various in-use strategies, such as inspection and maintenance programs, in-use 
compliance testing or mandatory retrofitting of older equipment. 

Functronaliy off-road vehicles and equipment vary widely in application, from 
chainsaws to road graders, and in size, from less than one hp to over 10,000 hp. 
Measures to reduce engine emissions, therefore, require more research and time for 
implementation The ARB staff are currently involved in a technology review that will 
provide additlox! Information regarding feasibility of emission controls for off-road 
vehicles and c-q.. r-wx As with on-road vehicles, the following measures proposed for 
off-road equlgT;-nr a?d vehicles range from new engine standards to retrofits and 
in-use compilanci. ~3:’ ategies and reflect both past experience with‘regulating off-road 
mobile source: :-.’ 17 r pollution and informed future expectations for technological 
solutions. 
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Lower Emission Standards for New Off-Road Engines 

Description of the Proposed Measure 

The recent national emissions standards for Off-Road Compression-Ignition8 
Engines that were adopted by both the U.S. EPA and the ARB consist of a tiered 
structure of emission limits based on engine power. The Tier 1 standards were 
implemented in 1996, while the Tier 2 standards are being implemented at the present 
or in the extreme near term. Both the Tier 1 and Tier 2 standards include limits on PM. 
The development of Tier 3 PM standards for engines between 50 hp and 750 hp is a 
task that ARB and U.S. EPA committed to as part of the ,Off-Road Statement of 
Principles (SOP). The two agencies are currently funding a contract with Southwest 
Research Institute to assess the capabilities of Tier 3 technology. That work will be 
used to support the 2001 technology review, also required under the SOP. 

Although the work mentioned above does not include consideration of the use of 
after-treatment devices, the staff believes that the Tier 3 PM standards should be based 
on the use of ultra-low-sulfur diesel fuel and a highly-effective diesel particulate filter 
along with on-board diagnostics systems to ensure proper operation. These strategies 
are projected to result in approximately 85 to 90 percent reduction of engine-out PM 
emissions. At this time, staff estimates that new engines greater than 50 horsepower 
could be certified at a PM level of 0.02 g/bhp-hr (0.02 g/bhp-hr) (Table 17). Smaller 
engines and equipment will require additional work to develop and package an effective 
after-treatment device that can fit within the space constraints. 

Table 17 
Off-Road Engines: Proposed Standards Based on Aftertreatment 

Maximum Rated Power (hp) Implementation (model year) 

hp4 1 2008 and later 

110hp<25 2008.and later 

25Uhp<50 2007 and later 

5WhpclOO 2007 and later 

1000hp475 2007 and later 

1750hp<300 2006 and later 

30mhp<600 2006 and later 

600UhpU750 2006 and later 

hp>750 2006 and later 

~ gramslbrake Fe power-hour 1 

0.30 II 
0.22 
0.02 

0.02 
0.02 
0.02 

0.02 
0.02 

8 Compression-ignition engines use diesel fuel. 
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Feasibilitv 

The feasibility of this measure is dependent mostly on the availability of 
ultra-low-sulfur diesel for off-road equipment and vehicles. A confounding factor is the 
federal preemption of authority to regulate new construction and farm equipment below 
175 horsepower and new locomotives. These factors make it vital for the ARB to 
convince the U.S. EPA to set standards equivalent to the California standards and to 
similarly adopt ultra-low-sulfur diesel nationwide. The majority of larger off-road engines 
are equipped with electronic controls, so implementation of an on-board diagnostics 
requirement would be relatively easy, particularly for those engines with on-road 
counterparts. 

If the U.S. EPA does not pursue the use of aftertreatment for the n,ational Tier 3 
standard, two courses of action present themselves. The first would be unilateral 
California implementation of aftertreatment-based Tier 3 standards. Unfortunately, 
because only the U.S. EPA may control emissions from new construction and farm 
equipment below 175 horsepower, a California-only regulation would cover a relatively 
smaller percentage of the new vehicles and equipment. A California-only regulation, 
therefore, is likely to prove more expensive on a per-engine basis and result in much 
lower emission reduction benefits than if the U.S. EPA also requires such standards. 

The second course of action would be for ARB to adopt an aggressive 
after-treatment retrofit program to ensure that an equal level of control is achieved from 
the engines not subject to the preemption. A retrofit program primarily targeted at 
publicly-owned and -leased off-road vehicles is discussed below. 

Estimated Emission Reduction 

The emission inventories for 2010 and 2020 were estimated using the 
assumptions that all previously adopted emission stkndards remain in effect and 
durability requirements remain the same as adopted, and that NOx levels would not be 
affected by this measure. The already adopted Tier 3 off-road standards contain NOx 
standards, which are reflected in the emissions inventory baseline. Using these 
assumptions, staff calculated the emissions benefit from this proposal to be a reduction 
in diesel PM of 913 tons per year statewide in 2010, increasing to 3,579 tons per year 
statewide in 2020. 

Approximate Cost To Businesses, State and Local Agencies 

The major costs to businesses would include the increased costs of new 
hardware, maintenance, and ultra-low-sulfur diesel; Because the use of diesel 
particulate filters would allow engine manufacturers to calibrate engines with less 
concern about engine-out emissions, staff expects better performance with no fuel 
consumptibn increase. The cost estimates are based on the same sources as noted for 
on-road engines, and assume that those of-road engines would be equipped in the 
same time-frame. The on- and off-road engines are substantially similar, so both sets of 
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engines should be able to take advantage of the .high production volume: Off-road 
applications, however, would require extra research and development resources for 
possible equipment modification. Staff has estimated the equipment modification costs 
using the information contained in the regulatory impact analysis conducted by 
U.S. EPA for their off-road diesel rule (U.S. EPA, August 1998). The engine power 
ranges shown in Table 18 were selected to facilitate comparison with on-road costs. 
For on-road engines, the cost of an on-board diagnostics system is approximately 
$130-$-l 50. Th us, staff has assumed the same cost for a comparable OBD system for 
off-road equipment and vehicles. 

Table 18 
Off-Road Engines: Future Diesel Particulate Filter and OBD Costs 

Based on High Volume Production 

Average Horsepower 190 250 475 
Diesel particulate filter $1,177 $1,397 $1,620 
OBD System $150 $150 $150 

u New Engine Costs 
fcomoarisonJ $8,527 $13,555 $23,722 /I 

In addition to these costs, vehicle owners will incur incremental costs for 
ultra-low-sulfur fuel and maintenance costs of the new ,hardware. Staff requires 
additional information to determine these life-cycle operating costs for off-road 
equipment and vehicles. The costs to State and local agencies would be the same as 
those experienced by businesses: increased costs for new hardware, maintenance, and 
ultra-low-sulfur fuel. The AR5 will incur additional costs for regulatory development and 
ensuring compliance. 

Control of Emissions from Existing Off-Road Engines - Retrofit 

Description of the Proposed Measure 

The long lifetime of diesel engines, particularly at the higher power ratings, 
requires a comprehenslve control strategy to control existing engines to complement the 
development of new engine controls. A retrofit requirement is an obvious strategy, but 
one that must be carefully crafted to minimize any effect on the engine or on the 
equipment’s abri!:y tc carry out its task. The most effective aftertreatment device for PM 
reduction is the dtese! particulate filter, which is presently applicable to engines above 
50 horsepower. unless technology becomes available that could package a diesel 
particulate filter 63~ V-I~ smaller equipment and engines. A likely timeframe for 
privately-own& w+-~c~* I .ZLi,s would be concurrent with the availability of ultra-low-sulfur fuel 
in 2006. For pu,?!. ?:, -wned or -contracted fleets, however, a phased-in implementation 
beginning in 2222 wz~ild be feasible. 

III - 39 



DRAFT - DO NOT CITE OR QUOTE 
155 

Feasibilitv 

Diesel particulate filters have been commercially retrofitted to off-road equipment 
since 1986. The types of equipment that have been retrofitted include mining 
equipment, material handling equipment, forklifts, street sweepers, and utility vehicles 
(MECA 2000). Over 2,500 diesel particulate filter systems are in operation worldwide; 
some of the systems have been operated for over 15,000 hours or over five years and 
are still in use, Existing off-road engines that are retrofitted with diesel particulate filters 
could achieve the same percentage reduction as new engines, approximately. 
85 percent assuming ultra-low-sulfur fuel is available, although from a higher initial level 
of emissions. 

Retrofit programs could be implemented using a variety of approaches, such as 
requiring local permitting agencies to ensure that retrofits:are-performed prior to the.- - 
granting of permits. Another approach could require large state construction contracts 
to include a retrofit requirement as a contract condition. Finally, a retrofit rule for - . . 
off-road could apply specifically to publicly-owned. and -contracted fleets. While an 
off-road retrofit program is certainly feasible, its effectiveness may be less than optimum 
without a statewide registration program. This is because it would be difficult to track 
certain types of retrofitted off-road equipment, thereby hampering ARB’s ability to 
directly enforce’the retrofit installation. It may make sense, therefore, to propose a 
registration requirement in California for off-road equipment. 

Estimated Emission Reduction 

Almost all engines greater than 50 horsepower, other than portable engines, 
which would be subject to separate conditions, would be rebuilt or retrofitted to achieve 
an 85 percent reduction in diesel PM emissions. In order to calculate emission benefits, 
staff assumed that 90 percent of all eligible engines,g are retrofitted by 2010, using 
emission control devices that remove 85 percent of diesel PM. Staff estimate diesel PM 
would be reduced by 5,968 tons per year statewide in ,2010, and by 1,505 tons per year 
statewide in 2020. These figures do not include the potential emission benefits of 
retrofitting locomotives and commercial marine vessels, which are discussed under 
non-regulatory strategies below. 

Approximate Cost To Businesses. State and Local Aqencies 

The costs to vehicle owners of retrofit would consist of the hardware and 
installation costs at rebuild, subsequent maintenance costs, and the incremental cost of 
ultra-low-sulfur fuel, which is required to maintain after-treatment device operation. 
Ultra-low-sulfur fuel is expected to cost 5 cents per gallon more than the present fuel. 
The cost to retrofit the diesel particulate filters is expected to be higher than the cost of 
incorporating the same equipment on new engines. Retrofitting with after-treatment 
devices will not have been included in initial engine designs, nor will most owners be 
able to take advantage of high volume purchasing. The estimate given here does not 

9 Excluding portable equipment engines, which are covered in Appendix II. 
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assume any savings from retrofit systems sharing any components, such as the muffler, 
with the systems intended for new engines (Table 19). 

Table 19 
Off-Road Engines: Current Cost for Retrofit 

Horsepower 190 250 475 
Diesel Particulate Filter $5,700-9,500 $8,250-l 3,750 $13,500-23,750 

In addition to these costs, vehicle owners will incur incremental costs of 
ultra-low-sulfur fuel and maintenance costs of the new hardware. Staff requires 
additional information to determine these life-cycle operating costs for off-road 
equipment and vehicles. Costs to State and local agencies would be similar to those 
incurred by businesses, consisting of the cost of retrofitting existing equipment at 
rebuild, subsequent maintenance costs, and the increased cost of ultra-low-sulfur fuel. 
If the State creates a registration program, there would be administrative costs that _ 
could be offset by registration fees. ARB will incur costs from rule development, 
equipment certification, program management, and enforcement. 

Control of In-Use. Emissions for Off-Road Vehicles and Equipment 

Description of Proposed Control Measure 

For off-road vehicles and equipment, staff proposes to modify the off-road in-use 
compliance testing program. Although in-use compliance testing is currently in place for 
off-road diesel engines, the existing program is limited to engine testing, rather than 
chassis or equipment testing. This hampers testing greatly by increasing the cost. Staff 
proposes that a simplified compliance assessment test be developed. The compliance 
assessment test should be an on-site test that can be correlated in some way to the 
certification test. Ideally, such a test should take 30 minutes to less than half a day to 
conduct to minimize the costs of taking a vehicle or piece of equipment out of service. 

Feasibilitv 

An in-use compliance program is not, strictly speaking, a control strategy, as 
much as it is a means of ensuring that the chosen control strategies remain effective 
over the lifetime of the engine or equipment. Typically, the ARB sends a letter to a 
vehicle owner notifying them that their vehicle has been selected for a voluntary testing 
program. ,If the vehicle owner chooses to participate, he or she is provided with a 
substitute vehicle while their vehicle is being tested. The difficulty involved in 
implementing this strategy for off-road engines includes the fact that off-road equipment 
tends to be specialized. For example, it would be difficult and expensive to provide a 
substitute for earth-moving equipment to an end-user in order to test his equipment, 
which is in constant use. Without a replacement piece of equipment, the down time 
encountered would provide a serious disincentive for owners or operators to participate 
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in the program, hindering the ARB’s ability to test a representative sample of similar 
equipment. 

The current regulations for off-road compression-ignition engines include 
provisions for in-use compliance testing on an engine, not equipment, basis. The 
program allows for the identification in advance of purchase of the e‘ngines and 
applications that will be tested. This allows the engine manufacturer to retain an 
unused engine to be installed when the in-use-engine is removed for testing. This 
approach, while providing some enforcement capability, ‘is lacking in the element of 
surprise, and would allow a manufacturer to cut corners on the engine families that have 
not been selected. Full effectiveness of an in-use compliance program can be achieved 
if registration is required and engine manufacturers are assigned recall responsibility, as 
they are with on-road engines. A compliance test could possibly be-developed.based 
on the power take-off or hydraulic systems of many o%road vehicles or equipment 

Estimated Emission Reduction 

In-use compliance programs are a means of ensuring that the chosen control 
strategies remain effective over the lifetime of the engine or equipment. Thus the 
emissions reductions attributable to this program can be divided into (a) direct 
reductions due to detection of failing systems, which will be similar to those experienced 
in on-road testing, and (b) indirect reductions due to the deterrent effect of the program, 
for which the changes in compliance margin will be similar to those experienced in 
on-road certification. Staff have not estimated separate emission benefits from an 
off-road in-use program. Although those benefits could be substantial, they are 
presently assumed to be included in the estimated benefits from new engine standards 
and the retrofit measure. 

Approximate Cost To Businesses, State and Local Aqencies 

Staff does not have an estimate of the cost of an in-use compliance assessment 
program to the end user, but expects that the cost will be small relative to the cost of the 
engine. Staff requires additional data to determine these costs. Manufacturers could 
incur additional costs of corrective action (i.e., recall) if an engine family failed testing. 

The ARB would incur costs to implement the program. Staff estimates a per 
engine cost of $33,000 to $70,000, which includes the costs for engine replacement, an 
incentive to the owner, removal of the engine, installation and set-up of the engine for 
testing, the emission tests, and shipping. If ARB implements a simplified compliance 
assessment test, as described above, staff expects that per engine costs could be 
greatly reduced. Owners would not need to be provided with a new engine, and 
installation and shipping costs would therefore be eliminated. The cost of an incentive 
for testing could also be drastically reduced, provided the time necessary for the test is 
reduced to less than a full day. 
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Particulate Matter Standards for New Diesel Pleasure Craft Engines. 

Description of the Proposed Control Measure 

In 1999, the Air Resources Board adopted regulations for emission standards 
and test procedures for new 2001 and later spark-ignition marine outboard and personal 
watercraft engines. The rule did not cover diesel-fueled, or compression-ignition, 
inboard or auxiliary engines used in pleasure craft. Furthermore, the 1999 standards 
did not set PM emissions, but focused on hydrocarbon and oxides of nitrogen 
emissions The adopted off-road-compression-ignition rule, however, does cover 
marine engines less than 50 horsepower. 

Staff suggests, therefore, that a diesel PM stand-ard for new pleasure craft - 
compression-ignition engines is necessary. The proposed implementation date’would 
be 2005, with an initial target reduction of diesel PM by 25 percent overall or more by. 
2010. A NOx standard would also be proposed, and will be a part of any proposed 
rulemaking for recreational marine engines. Engines to which the rule would apply are 
inboards and auxiliary engines used for power generation and propulsion in recreational 
marine vessels, such as yachts and sailboats. The inventory of diesel PM emissions 
from this category, while small, is expected to increase by about 28 percent from 2000 
to 2010, and 57 percent from 2000 to 2020, mainly due to expected growth in the 
population of inboard engines and simultaneous expected decline in auxiliary engines. 
Inboard engines are larger (horsepower) and are used more hours (activity) than the 
auxiliary engines, thus there is a correspondingly large increase expected in diesel PM 
emissions. 

Feasibility 

Control technology is expected to be available and feasible as the diesel-fueled 
engines used in pleasure craft are similar to on-road,engines. These PM standards do 
not envision after-treatment technology. Manufacturers would, therefore, be able to use 
the same control technology as has been developed and demonstrated for on-road 
engines, although the off-road retrofit program, discussed earlier, may be applied to 
existing pleasure craft engines. 

Estimated Emission Reduction 

St&f estimates the diesel PM emissions could be reduced, statewide, by 
25 percent in 2010 by reducing the per engine emissions by approximately 65 percent 
beginning in 2005. As there is presently no diesel PM standard for these engines, the 
reduction was calculated based on the present exhaust emission factor of 0.34 grams 
per brake-horsepower hour. Staff estimates that a diesel PM standard between O.-l and 
0.15 grams per brake-horsepower hour would be necessary to achieve a 25 percent 
reduction in 2010. Wlaintaining the same engine emission standard for the next decade 
would result in a 60 percent reduction in 2020 emissions. Since most of the emissions 
are generated on summer weekends, the emissions benefit would be greater on a per 
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day basis when adjusted by usage. The expected diesel PM emission reductions are 
9 tons per year in 2010 and 24 tons per year in 2020. 

Approximate Cost To Businesses, State and Local Aqencies 

Although staff expects that the costs of implementation of this measure to be 
similar to those for on-road engines, staff requires additional data to calculate costs. A 
diesel PM standard alone is unlikely to increase engine costs significantly as’ 
manufacturers could reduce diesel PM by engine retuning. A standard that reduces 
NOx simultaneously with diesel PM, however, is likely to increase the cost of the 
engine. As with on-road engines, the costs would include costs of engine redesign, 
hardware, operating and maintenance costs. ARB does not expect that implementation 
of a diesel PM standard alone will require aftertreatment devices, thus the incremental 
cost of ultra-low-sulfur fuel may not be incurred. 

C. Non-Regulatory Strategies for Mobile Sources 

Non-regulatory strategies are those actions for which ARB has authority to adopt 
guidelines, voluntary memoranda of understanding (or agreement), or incentive 
programs that are not regulations. An example of this would be the Carl Moyer 
Program Guidelines, which were developed through a public process and approved by 
the Board, but which were not adopted into regulation. A non-regulatory strategy, as 
discussed herein, could also be an activity for which ARB does not presently have 
authority, but which it may seek authority through legislative action. In addition, 
non-regulatory strategies could involve programs adopted and implemented by local air 
districts. No estimated emission reductions and costs have been calculated for these 
strategies for this report, although this information is discussed. Emission reductions 
and costs, however, would be estimated before any particular strategy is implemented. 

Diesel Particulate Filters for Locomotives 

Description of the Proposed Measure 

The recently adopted U.S. EPA locomotive rule will result in significant reductions 
in diesel PM emissions from locomotives beginning with model year 2005. The national 
rule only affects PM emissions from model year 2005 and later locomotives and does 
not reduce PM emissions from older locomotives. Control of PM is expected to occur 
through improvements in air cooling, fuel management, combustion chamber 
configuration, and electronic controls. Diesel particulate filters, while mentioned in the 
regulatory support document accompanying the U.S. EPA rule, were not considered by 
the U.S. EPA for application by manufacturers to meet the standards. Because of 
recent developments in diesel particulate filter technology, however, retrofitting 
locomotive engines to further reduce diesel PM emissions could result in significant 
reductions in diesel PM emissions. 
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As discussed previously, the Clean Air Act preempts California from regulating 
emissions from new locomotives or new engines used in locomotive. Staff feels, 
however, that it would be valuable for locomotives to use after-treatment technology to 
reduce particulate emissions. Staff suggests, therefore, exploring a voluntary program 
for locomotive retrofit with the railroads and working with the U.S. EPA to explore a 
future requirement that locomotives be retrofitted with diesel particulate filters achieving 
a minimum 85 percent efficiency. 

Feasibility 

Recent developments in diesel particulate filter technology suggest that a 
locomotive retrofit program may be feasible. Diesel particulate filters, along with other 
after-treatment devices for reduction of PM and NOx emissions, require use of 
ultra-low-sulfur fuel for optimal efficiency. Any retrofit requirement, therefore, should -be 
implemented along the same time frame as the availability .of ultra-low-sulfur fuel. While 
diesel particulate filters are not currently used on locomotives, these technologies, 
which are being developed for use with on-road heavy-duty trucks, are expected to be 
applicable to locomotives. 

Estimated Emission Reduction 

Staff estimate the potential statewide emission reductions from retrofitting 
90 percent of all locomotive engines operating in California by 2010 to be 862 tons per 
year, or a reduction of 75 percent of diesel PM, and 762 tons per year in 2020. Staff 
assumed that any emission control device would remove 85 percent of all diesel PM 
from exhaust. 

Approximate Cost To Businesses, State and Local Asencies 

A standard size for an older locomotive engine is approximately 
3,500 horsepower. According to estimates by MECA (March 2006)) the cost for 
retrofitting an engine of this size with a diesel particulate filter would range from $35,000 
to $70,000. The costs of retrofitting could be offset by incentive funds, if available, such 
as the.Carl Moyer Program. 

Particulate IMatter Controls for Commercial Marine Vessels 

Description of the Proposed Measure 

Emissions from commercial marine vessels, which include cargo ships, tug and 
tow boats, fishing boats, cruise ships, and other large ocean-going ships, are a major 
source of diesel PM particularly in the South Coast Air Basin. Engine standards 
adopted by the U.S. EPA, however, only apply to new engines and do not impact 
emissions from existing ship engines. As discussed earlier, engine standards for 
commercial marine vessels are best approached at the national level by the U.S. EPA 
with state input. 
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Staff believes that a combination of voluntary, incentive, and regulatory 
approaches would significantly reduce diesel PM emissions from commercial marine 
engines. The following strategies are proposed: first, a voluntary speed reduction 
control strategy for ocean-going ships operating in California; second, a federal 
incentive program to provide funds, beyond those already available through California’s 
funding of the Carl Moyer Program, for repowering with cleaner engines and for 
retrofitting existing engines; and third, a federal regulation that applies the new 
commercial marine engine standards to existing vessels when their engines are rebuilt 
or repowered. In addition to these engine strategies, a mandatory reduction In fuel 
sulfur level would also reduce emissions. 

Feasibilitv 

The technology for reducing stack emissions from ships is well known and 
increasingly being applied to new engines. While repowering old, dirty engines with 
new, current technology engines is feasible and produces significant emission 
reductions (SCAQMD 1998), new technologies are being developed that will result in 
even cleaner engines. For example, gas-turbine engines are lighter in weight and 
provide more horsepower per ton than diesel engines, although the higher initial cost 
and fuel consumption have limited their use (Aichele 2000a). Another promising 
technology is a smokeless diesel-propulsion system using common rail technology and 
water-jet injection that will equal the low emissions of the gas-turbine engine which is 
being developed by Wartsila NSD and Carnival Corporation. In addition to repowering, 
after-treatment, such as with selective catalytic reduction, has also been demonstrated in 
ships (Aichele 2000b). 

Estimated Emission Reduction 

Staff requires additional data on the mix of specific programs that would be 
adopted to calculate estimated emission reductions. Staff did estimate, however, the 
emission reductions that could be achieved if 90 percent of existing commercial marine 
engines were retrofitted with emission control devices that remove 85 percent of diesel 
PM. Under this scenario, diesel PM emissions would be reduced statewide by 
3,945 tons per year in 2010 and 4,504 tons per year in 2020. As an example of the 
emission reductions that could be achieved by repowering an individual vessel, the 
South Coast AQMD reported reducing diesel PM by 0.81 tons per year from one tug 
boat by installing two new main engines and two new auxiliary engines (SCAQMD 
1998). 

Approximate Cost To Businesses, State and Local Aqencies 

In the above mentioned South Coast AQMD tug boat repower project, the cost 
was $390,000. In other projects completed with incentive funds costs ranged from 
$193,000 to 330,000 per boat. ARB staff have yet to estimate a cost per engine power 
for retrofitting boat engines. Incentive funds, if available, could be used to offset the 
costs of reducing diesel PM emissions. 
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Retrofit for Emergency Vehicles 

Description of the Proposed Strateqy 

Publicly-owned emergency vehicles, including those operated by peace officers, 
fire fighters, and paramedics, are exempt from requirements for pollution control 
devices. Also. exempt are vehicles owned by mosquito abatement districts, vector 
control, and pest abatement districts or agencies, and ambulances operated by private 
entities under contract to public agencies. Because many of these districts and 
agencies operate heavy-duty, diesel-fueled vehicles, staff proposes to negotiate 
voluntary agreements with public agencies and districts for retrofitting these vehicles 
with diesel particulate filters and to work with manufacturers to assure that new 
emergency vehicles are equipped with modern, state-of-the art pollution control 
equipment. 

Feasibilitv 

The major issue affecting feasibility would be the cost of retrofitting vehicles with 
pollution control devices. Staff would attempt to identify funds that could be used to 
retrofit engines wherever retrofit devices could be installed without impairing the 
life-saving function of the vehicles. Staff would also work with agencies and districts to 
identify incentive funds that could be used to pay the incremental costs above the cost 
of purchase of the uncontrolled technology. 

A secondary feasibility issue concerns the impact of emission control technology 
on the performance of the vehicle. In the past this was a valid concern Today, 
however, manufacturers have long since developed technologies that control pollution 
with little or no effect on engine performance. Staff would, however, review this issue 
with respect to the specialized vehicles used by the exempt categories. 

Estimated Emission Reduction 

Current diesel particulate filter technology achieves 85 percent or better control 
of diesel PM. Staff, however, lacks the data necessary at this time to calculate 
estimated emission reductions. Staff requires data on the number of emergency 
vehicles to which the program would apply or the amount of funding available, which 
would influence the number of vehicles that could be retrofitted. In addition, data would 
have to be collected to determine the emission inventory of emergency vehicles, which 
‘is not presently available. 

Approximate Cost To Businesses, State and Local Aqencies 

This strategy assumes that funding can be secured through the state to off-set 
the costs of retrofitting equipment. A current program for reducing NOx emissions, the 
Carl Moyer Program, has been funded at $19 to 25 million per year, which may increase 
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in the coming year. Carl Moyer Program funds could be used for this measure, 
especially if the program is expdnded to include the goal of reducing diesel PM, as 
recommended by the Advisory Committee (Carl Moyer Program Advisory Board 2000). 

Airport Ground Support Equipment Memorandum Of Understanding 

Description of the Proposed Strateqy 

California has become one of the fastest growing air transportation links to the 
Pacific Rim, pushing California’s average aviation growth even higher. As a result of 
this growth, airport-related activities account for an increasingly large,component of the 
state’s emissions inventory. Airport-related activities include aircraft engine emissions 
at landing and takeoff, on-road ground operations, such as taxis and shuttles, and 
airport ground support equipment, most of which consists of off-road equipment. A 
Memorandum of Understanding with airports and airlines operating. in the South Coast 
Air Basin is currently being negotiated and will identify specific goals to achieve 
emission reductions from airport ground support equipment. The MOU is expected to 
significantly reduce emissions of hydrocarbons, oxides of nitrogen, and diesel PM. 

The voluntary agreement negotiations were initiated through a public consultative 
process convened by the U.S. EPA to determine and evaluate opportunities for 
emission reductions specified for aircraft in the 1994 California Ozone State 
implementation Plan (SIP). The consultative process identified airport ground support 
equipment (GSE) as one category that could achieve exhaust emissions below those 
required by regulation. Emission reductions are to be focused on the airports of the 
Sotith Coast Air Basin. The primary stakeholders for the subcommittee on GSE are the 
U.S. EPA, Region IX, ARB, the South Coast Air Quality Management District, the Air 
Transport Association, the Federal Aviation Administration, the five major airports in the 
South Coast, and the major airliries serving those airports. 

Feasibility 

As a group, GSE largely comprise off-road types of equipment fueled by either 
gasoline or diesel The negotiated voluntary agreement will focus on emission 
standards based on various strategies that can be applied to various pieces of 
equipment. One strategy for reducing emissions from GSE is to use alternative fuels 
that result in lower em!ssions operation. Alternatives to gasoline and diesel include 
liquefied petroleum gas (LPG or propane), compressed natural gas, and liquefied 
natural gas. AnGther strategy is to replace existing GSE with battery-powered or 
electric equis-cr?t A thrrd strategy is to repower GSE with new on-road engines which 
are currently 33 r? f1?6 to a more stringent emission standards than off-road engines. 
This allows the cr~~?t=n~ty to generate additional emission reductions by using 
lower-emittlnq en:;?es beyond what may be required for new purchase GSE. This 
opportunity WI:: 33c:ease. however, as new more stringent emission standards for 
off-road engmes are phased-in. 
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Estimated Emission Reduction 

Staff and the working group for the memorandum of understanding are in the 
process of calculating the estimated emission reduction from this measure. 

Approximate Cost to Businesses. State and Local Aqencies- 

Staff and the working group for the memorandum of understanding are in the 
process of determining the estimated costs of implementation. 

Transpotition Control Measures - Idling Restrictions 

Description of the Proposed Strateqy 

A technical advisory group created by legislation (AB 2595, 1988) developed 
initial guidelines in 1990 for reducing emissions from truck operations. Many of the 
transportation control measure concepts in these guidelines are still feasible and viable 
today. The advisory group included APB, other transportation and air quality related 
agencies, and trucking industry representatives. The advisory group recommended and 
ranked measures based on feasibility, ease of implementation, cost effectiveness, and 
air quality benefit.. The guidelines include truck idling restrictions, freight consolidation 
centers, time-of-day restrictions, and pricing measures, in descending order of ranking. 
Of these, truck idling restrictions are proposed to be feasible at this time. 

Idling restrictions limit the amount of time heavy-duty vehicle engines are allowed 
to operate while not performing useful work, e.g., moving the vehicle or operating 
essential equipment. Limiting idling would reduce ambient emissions and reduce public 
exposure (especially for truck and facility operators) to diesel toxics. It would also 
reduce fuel consumption and engine wear. An effective strategy must include 
compelling information to educate vehicle operators about the need to, and benefits of, 
limiting idling time. 

Many heavy-duty truck operators allow their engines to remain idling while they 
are waiting to access facilities to make deliverjes or pick-ups. ldling is common in areas 
of high truck activity, such as port facilities, rail yards, business parks, canneries, 
industrial parks, retail centers, construction sites, and truck stops. Many drivers allow 
their engines to idle out of habit or the misconception that heavy-duty diesel vehicles 
still require extended time to warm up and cbol down. This, however, is no longer the 
case with modern engines. 

Heavy-duty truck idling could be limited to a maximum time period, except under 
certain circumstances.. The maximum time period would be set by start and idle 
emission analysis and practical trucking industry concerns. Stricter limits could be 
required in areas accessible to the general public, such as schools and shopping 
centers. Prohibiting school bus idling at school facilities could be an initial regulatory 
action. A companion measure would require, or incentivize, the installation of electrical 
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outlets at truck and bus terminals to allow for sleeper berth use and cabrn heating and 
air conditioning. 

Options for implementation include a voluntary, education-based approach or a 
regulatory strategy that could involve: ARB adoption of a statewide-truck idling 
regulation; local air district adoption of truck idling regulations, assisted by a model rule 
developed by ARB, or legislation amending the Health and Safety Code to restrict truck 
idling. Implementation should also include a program to gain the cooperation of 
facilities where.truck idling occurs to support and better ensure compliance with idling 
restrictions. 

The feasibility of implementing idling restrictions would be affected by costs and 
human nature. The costs to the state and local air districts of enforcing idling 
restrictions could be high, requiring additional staff to conduct inspections and monitor 
compliance at truck stops and by each truck owner. Alternately, if staff emphasizes the 
education approach, the cost would be somewhat lower. Gaining the cooperation of 
facilities where truck idling occurs to ensure compliance with the law will be challenging, 
requiring education and outreach activities at many locations throughout the state. 
Finally, ARB will have to extend its education and outreach activities into other states to 
notify out-of-state owners of vehicles that operate within California. 

Estimated Emission Reduction 

Potential emission reductions from this strategy could be estimated indhouse 
through an analysis of current truck activity studies, with second-by-second geographic 
information system data, and truck idling and trip-end emission factors. Estimated 
emission reductions, however, were not calculated for this report. 

Approximate Cost To Businesses, State and Local Agencies 

The 1990 Advisory Group suggested that the savings to vehicle owners would 
offset the costs, and thus there would be no cost to businesses. Savings would accrue 
from reduced engine wear, increased engine life, and reduced fuel costs from 
decreased idling. The costs include an increased replacement frequency of the starter 
system and battery from increased starts, and the cost of electricity-adaptable air 
conditioning and heating units, if sleeper cab use is included in the idling restriction. In 
addition to costs to vehicle owners, owners of truck stops would incur the cost of 
installing electric outlets and implementing a procedure to charge truck owners for 
electricity used. 

There are several categories of costs to state and local agencies. First, ARB and 
local air districts would incur additional costs for enforcement. Second, ARB and local 
air districts would incur costs associated with education for truck drivers, trucking 
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facilities, and truck stops. Finally, the State of California could provide public funding to 
provide incentives for installing electrical outlets at truck stops. 

iI.- Potential Associated Adverse Environmental Impacts 

Every one of these recommended measures will benefit California’s environment 
and reduce the public’s exposure to air pollutants, particularly the toxic air contaminant 
diesel PM. The net benefit to the public, in the form of reduced health costs, is likely to 
be in the millions of dollars. Nevertheless, certain of the after-treatment technologies 
may themselves have potential adverse environmental impacts on a much lesser scale. 

One technology that could be used to meet lower NOx standards, selective 
catalytic reduction (SCR) requires the use of urea to achieve emission reductions. SCR 
has been used to control NOx emissions from stationary sources for over 15 years and 
has been applied more recently to trucks, marine vessels, and locomotives. If this 
method is used to meet these new standards, there will be issues related to the 
so-called “ammonia slip,” which is the release of excess ammonia in the exhaust. 

Ammonia slip could form secondary particulate (nitrates) when released into the 
atmosphere. In order to eliminate ammonia slip, an oxidation catalyst can be installed 
downstream of the SCR unit, which would reduce ammonia slip by oxidizing most of the 
ammonia into harmless compounds. A more detailed study will be necessary to 
evaluate potential impacts. 

Another technology, catalyst-based diesel particulate filters (DPFs), may also 
have associated adverse environmental impacts, but additional information is needed. 
First, as is the case with most processes that incorporate catalytic oxidation, sulfate 
formation can occur during operation- Depending on the exhaust temperature and the 
sulfur content of the fuel, the increase in sulfate particles may offset the reductions in 
soluble organic fraction emissions. Using diesel fuel with very low sulfur content, as 
proposed in this report, would minimize this effect. 

In addition. a spent DPF may be considered hazardous waste according to state 
or federal regula;ions. The ‘determination of whether or not a used DPF would be 
considered a hazardous waste at the end of its useful life depends on the materials 
used in the catallvtrc coating: DPFs are somewhat similar to automotive catalytic 
converters, and ttics a comparison may be useful. The California Department of Toxic 
Substances Contrd currently regulates used automotive catalytic converters as scrap 
metal, so long as tne catalyst material is left in the converter shell during collection and 
transportation an .+ s fho converters are going to be recycled. The ash residue associated 
with cleanrng ( rssc?e:atrng) a DPF would also need to be tested to determine if it is a 
hazardous was!~ I‘ ;: s. there would be increased costs associated with maintenance 
of the DPF thrcL;:8cL;‘! rts life. 
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1. SUMMARY 

This report addresses the need for and the appropriate degree of regulation of 
diesel-engine fuel for the control of particulate matter from diesel-fueled engines 
(diesel PM). Diesel PM was identified by the Air Resources Board-(ARB or Board) as a 
toxic air contaminant (TAC) in 1998. 

All diesel fuel sold or supplied in California for motor-vehicle use (CARB Diesel) 
must have a sulfur content of 500 ppmw or less (13 CCR 2281). In addition, the 
average aromatic hydrocarbon content of CARB Diesel, except that produced by 
California small refiners, must not exceed 10% by volume, unless the fuel is produced 
as an ARB-certified alternative formulation (13 CCR 2282). T.he ARB has certified a 
total of 25 alternative formulations. 

Reducing sulfur levels from the CARB Diesel average sulfur content of 
141 ppmw to 15 ppmw in the absence of exhaust after-treatment, is expected to have 
an impact on diesel PM emissions equal to a FTP-cycle specific emission reduction of 
about 0.004 g/bhp-hr. More importantly, improved after-treatment control efficiency 
(to over 90% control of diesel PM emissions) has been consistently demonstrated with 
very low-sulfur diesel fuel. Very low-sulfur fuel would allow after-treatment 
manufacturers to use more highly active catalysts, which operate effectively at lower 
temperatures and have a broader,range of vehicle applications. 

In February of 2000, the ARB approved a Fleet Rule for Urban Transit Bus 
Operators (13 CCR 1956.2). Beginning July I, 2002, transit agencies shall not operate 
diesel buses on diesel fuel with a sulfur content in excess of 15 ppmw. ARB staff has 
estimated an incremental refining cost of less than $0.05per-gallon to produce this fuel. 

The United States Environmental Protection Agency (U.S. EPA) has published 
proposed regulations which would require that alLdiesel fuel sold for use in on-road 
vehicles have a sulfur content no greater than 15 ppmw, beginning June 1, 2006. U.S. 
EPA estimates that the overall cost, associated with lowering the sulfur cap from the 
current level of 500 ppmw to the proposed level of 15 ppmw, would be approximately 
$0.03 to $0.04 per gallon. 

Alternative diesel fuels, such as water-in-fuel emulsions, have demonstrated 
great promise for reducing diesel PM and other emissions from diesel engines. While 
there is uncertainty in the emission-reduction potential of these fuels versus CARB 
Diesel, diesel PM emission reductions of over 20% have been demonstrated in 
comparison testing with other diesel fuels. An appropriately optimized emulsion of 
water in CARB Diesel should result in significant diesel PM and other emission 
reductions versus CARB Diesel alone. The use of alternative diesel fuels to achieve 
emission reductions is best suited for application to fleets, stationary engines, and 
equipment, which have access to a centralized fueling station. 
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To be consistent with U.S. EPA and to enable after-treatment control 
technologies for off-road and stationary diesel engines; the ARB should adopt a 
regulation in 2001, which would require very low-sulfur (I 15 ppmw S) CARB Diesel for 
all on-road, off-road, and stationary engines statewide, effective in 2006. In the 
regulatory development process, the ARB staff will investigate the -feasibility of an 
earlier implementation date. Also, guidance on diesel fuel options and associated 
emission reductions should be developed to assist local districts in their permitting of 
fleets and equipment. 

Summary of Recommendations 

* 
** 
*** 

Emission reductions with after-treatment. 
Estimated for emulsions of water in CARB Diesel. 
Very low-sulfur CARB Diesel to be considered at ARB hearing in 2001. 

**** Guidance for districts’ use to be approved and issued by ARB.in 2001. 

II. INTRODUCTION 

A. Purpose 

In 1998, particulate matter (PM) from diesel-fueled engines (diesel PM) was 
identified by the ARB as a TAC in accordance with Division 26, Part 2, Chapter 3.5, 
Article 3 (section 39660 et seq.) of the California Health and Safety Code (H&SC). The 
ARB Resolution 98-35, August 27, 1998, identifies an estimated range of lifetime 
excess lung-cancer risk, associated with diesel PM inhalation, of 1.3 to 24 x 1 o-4 per 
microgram diesel PM per cubic meter of air (1.3 to 24 x IO* pg-‘-m3). Resolution 98-35 
also directs ARB staff to begin the risk management process for diesel PM and other 
potentially harmful pollutants from diesel-fueled engines. 

Article 4 (H&SC section 39665) directs the executive officer of the ARB to 
prepare a report on the need and appropriate degree of regulation for each substance 
determined to be a TAC. H&SC section 39667 directs the ARB to consider the adoption 
of regulations specifying the content of motor vehicle fuel to achieve the maximum 
possible reduction in public exposure to TACs; and further provides that the regulations 
may include the modification, removal, or substitution of vehicle fuel or fuel additives. 
This report addresses the appropriate degree of regulation of diesel-engine fuel for the 
control of diesel PM. 
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B. Review of Adopted and Proposed Regulations 

1. U.S. EPA Regulations 

All diesel fuels, Grades 1-D and 2-D, and all fuel additives for on-road motor- 
vehicle use must be registered’in accordance with 40 CFR Part 79 - Registration of 
Fuels and Fuel Additives. The registration requirements for diesel fuels apply to fuels 
composed of more than 50% diesel fuel by volume and their associated fuel additives. 
As provided in 40 CFR 79.56, manufacturers may enroll-a fuel or fuel additive in a group 
of similar fuels and fuel additives through submission of jointly-sponsored testing and 
analysis, conducted on a product which is representative of all products in that group. 
The general grouping categories are baseline, non-baseline, and atypical. 

The baseline diesel fuel category is comprised of a single group, represented by 
diesel base fuel specified in 40 CFR 7955(c). Fuel additives are categorized as mixed 
with diesel base fuel. The baseline category is defined as fuels possessing the 
characteristics of diesel fuel as specified by ASTM D 975-93 and derived only from 
conventional petroleum, heavy oil deposits, coal, tar sands, or oil sands. Baseline 
category fuels may contain no elements other than carbon, hydrogen, oxygen, nitrogen, 
and sulfur; and the oxygen content must be less than 1.0% by weight. Fuels and fuel 
groups in the non-baseline diesel fuel category are derived from sources other than 
those listed for the baseiine category or contain 1.0% or more oxygen by weight, or 
both. Fuels and fuel groups in the atypical diesel fuel category contain one or more 
elements other than carbon, hydrogen, oxygen, nitrogen, and sulfur. 

U.S. EPA regulation (40 CFR 80.29) prohibits the sale or supply of diesel fuel for 
use in on-road motor vehicles, unless the diesel fuel has a sulfur content, by weight, no 
greater than 500 parts per million (ppmw). In addition, the regulation prohibits on-road 
motor-vehicle diesel fuel, unless the diesel fuel has a cetane index of at least 40 or has 
an aromatic hydrocarbon content of no greater than 35%, by volume (vol. %). All on- 
road motor-vehicle diesel fuel sold or supplied in the United States, except in Alaska, 
must comply with these requirements. Diesel fuel, not intended for on-road motor- 
vehicle use, must contain dye solvent red 164. 

On May ? 3, 1999, in anticipation of Tier 2 emission standards for passenger cars 
and light trucks, U.S. EPA published its Advance Notice of Proposed Rulemaking 
(ANPRM) - Control of Diesel Fuel Quality (Federal Reqister pp. 26142-26158). 
The ANPRM solicited comment on all potentially beneficial diesel fuel quality changes, 
but pointed to fuel desulfurization for the purpose of enabling new engine and 
after-treatment technologies that are sensitive to sulfur compounds in the exhaust 
stream. For example, oxidation catalysts, which are a proven technology already in 
widespread use on diesel engines, promote the conversion of oxides of sulfur (SOx) to 
particulate sulfates. The recently developed continuously regenerating PM filter has 
shown considerable promise for light-duty diesel applications due to its ability to 
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regenerate even at fairly low exhaust temperatures. However, these systems are fairly 
intolerant of fuel sulfur and are effectively limited to use with diesel fuel of less than 50- 
ppmw sulfur. Diesel-engine after-treatment control technologies for oxides of nitrogen 
(NOx) may require fuel sulfur levels of five ppmw or less. 

Any emission control technologies that prove effective in light-duty, on-road 
diesel applications are likely to be effective with heavy-duty, on-road engines as well. 
Eventually, these advanced technologies could also find application in off-road 
equipment. U.S. EPA is considering regulating off-road diesel fuel temporarily to a 
quality similar to that of current, on-road motor-vehicle diesel fuel. This would provide 
for the transfer of advanced on-road engine technologies already under development for 
use with that fuel. 

In its notice of Proposed Rulemaking (NPRM) - Control of Air Pollution from New 
Motor Vehicles: Proposed Heavy-Duty Engine and Vehicle Standards and Highway 
Diesel Fuel Sulfur Control Requirements (Federal Resister pp. 35430-35559; 
June 2, 2000), U.S. EPA proposes regulations which would require that all diesel fuel 
sold for use in on-road vehicles have a sulfur content no greater than 15 p,pmw, 
beginning June 1. 2006. U.S. EPA estimates that the overall cost, associated with 
lowering the sulfur cap from the current level of 500 ppmw to the proposed level of 15 
ppmw, would be approximately $0.03 to $0.04 per gallon. 

2. ARB Regulations 

All diesei fuel sold or supplied in California for motor-vehicle use must have a 
sulfur content of 500 ppmw or less (13 CCR 2281). In addition, the average aromatic 
hydrocarbon content of motor-vehicle diesel fuel produced for sale in California, except 
that produced by California small refiners, must not exceed 10% by volume, unless the 
fuel is produced as an ARB-certified alternative formulation (13 CCR 2282). The 
average aromatic hydrocarbon limit for small refiners is 20% by volume. About 90% of 
the diesel fuel sold or supplied in California meets these “CARB Diesel” req’uirements. 
Only marine vessels and locomotives are currently totally exempt from the 
requirements Stationary engines are exempt from the state requirements, but may be 
required under local drstrict rules to use CARB Diesel. Portable engines registered 
under a Statewide Portable Equipment Registration Program are also required to use 
CARB Diesel (13 CCR 2456(e)(2)). 

About seven million gallons of CARB Diesel are consumed in California each 
day. The fuel IS produced at 12 California refineries, operated by five major refining 
companies. two !a.;~ Independent refiners, and two small refiners. The ARB has 
certified a totai c‘ 25 alternative formulations, including six for small refiners, 1 for a 
small refiner nc ~z~~~r tn business. Five of the alternative formulations have been 
authorized fo: fL;! c~Slrc disclosure. The specifications of the five public alternative 
formulations aie :3Su: ated on the next page. Also shown are some of the specifications 
of the general reference fuel, against which the alternative formulations must be 
emission-tested :n order to demonstrate equivalency. The small refiner reference fuel 
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has different specification limits for aromatic (20 vol. %), polycyclic aromatic (4 wt. %), 
and nitrogen (90 ppmw) contents, as well as natural cetane number (47). The reference 
fuels are produced from straight-run California diesel fuel by a hydrodearomatization 
process and contain no additives for cetane boosting. 

Summary of Public Alternative Formulation and General Reference Fuel Specifications 

G-71 4-007 

G-714-008 

D4988 wt. % wt. % ppmw PQmw 
ARC0 D- 21.7 4.6 55.2 20 33 
25 vol. % wt. % wmw wmw 
ARC0 D- 24.7 4.0 56.2 40 42 

Reference 

Average’ 

26 vol. % 
10 

vol. % 
15.3 

vol. % 

wt. % 
1.4 

wt. % 
2.5 

wt. % 

48 
(natural) 

54 

wmw 
10 

wmw 
156 

QPmw 

twmw 
500 

PQmw 
141 

’ Volume-weighted average properties from California refiner survey taken by the 
California Energy Commission (CEC) in summer 1997. 

In February of 2000, the ARB approved a Fleet Rule for Urban Transit Bus 
Operators (13 CCR 1956.2). To reduce public exposure to diesel PM, transit agencies 
and companies that lease buses to transit agencies must participate in a program to 
retrofit diesel buses in their fleets, and to operate their diesel buses on very low-sulfur 
diesel fuel. Beginning July 1, 2002, transit agencies shall not operate diesel buses on 
diesel fuel with a sulfur content in excess of 15 ppmw. ARB staff has estimated an 
incremental refining cost of less than $0.05per-gallon to produce this fuel. In fact, 
compliance sampling and analysis indicates that diesel fuel meeting this requirement 
has already been marketed in California for general use. Three of the maj.or refining 
companies, which produce over 7Q% of the CARB diesel, have expressed support for 
the Fleet Rule and its requirement for very low-sulfur diesel fuel. About 20% of the 
motor-vehicle diesel fuel currently produced in California meets the 
15-ppmw sulfur limit. 

in a February 18, 2000 letter to Mr. Robert Perciasepe, U.S. EPA’s Assistant 
Administrator for Air and Radiation; Chairman Alan Lloyd of the ARB urged U.S. EPA 
to “adopt a nationwide cap on sulfur in diesel fuel of no greater than 15 parts per million 
for on-road and off-road engines effective no later than 2006.” 
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C. Other Diesel Fuel Specifications and Properties 

ASTM D 975, Standard Specification for Diesel Fuel Oils, covers five grades of 
diesel fuet oils suitable for various types of diesel engines. Grade No. 2-D is a general- 
purpose, middle distillate fuel for automotive diesel engines, which is also suitable for 
use in non-automotive applications, especially in conditions of frequently varying speed 
and load. Grade No. 1-D is a light distillate fuel for automotive applications requiring 
higher volatility; and Grade No. 4-D is a heavy distillate fuel for low- and medium-speed, 
non-automotive applications, involving predominantly constant speed and load. 
ASTM D 975 also covers Grade Low Sulfur No. I-D and Grade Low Sulfur No. 2-D. 
The low-sulfur grades comply with the Clean Air Act and 40 CFR Part 80 - Regulation 
of Fuels and Fuel Additives: Fuel Quality Regulations for Highway Diesel Fuel Sold in 
1993 and Later Calendar Years. 

About 100% of the diesel fuel sold in California is Grade Low Sulfur 
No. 2-D. An abbreviated table of ASTM requirements for Grade Low Sulfur No. 2-D is 
presented on the next page. Grade Low Sulfur No. I-D may become more prevalent in 
the future if cleaner burning diesel fuel is required. The table shows the specifications 
of Grade Low Sulfur No. I-D which differ from the specifications of Grade Low Sulfur 
No. 2-D. 

Flash point is the lowest fuel temperature, corrected to standard barometric 
pressure, at which application of an ignition source causes the fuel vapors to ignite. 
The flash point is not directly related to engine performance, but is important for legal 
requirements and safety precautions involved in fuel handling and storage, and is 
normally specified to meet insurance and fire regulations. 

Cloud point is of importance in that it defines the highest temperature at which a 
cloud or haze of wax crystals appears in the fuel under prescribed test conditions. The 
temperature generally relates to the temperature at which wax crystals begin to 
precipitate from the fuel in use. See table note 1. 

The distillation temperature at which 90% of volume is recovered (TAO) is a 
measure of fuel volatility; the lower the Tg0, the more volatile the fuel. For engines in 
services involving rapidly fluctuating loads and speeds, as in bus and truck operation, 
the more volatile fuels generally provide better performance, particularly with respect to 
smoke and odor. However, better volumetric fuel economy (VFE) is generally obtained 
from the less volatile types of fuels because of their higher densities and higher 
volumetric energy contents. 
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Abbreviated Table of ASTM D 975 Requirements for Grade Low Sulfur Fuels 

No. 2-D - 

Kinematic Viscosity 
At 40 “C (104 OF), 

Minimum 
Maximum 

Cetane Number, Minimum 
Cetane Index, Minimum, 

or Aromatic Hydrocarbon 
Content, Maximum 

Sulfur Content, Maximum 

D445 
1.9 cSt (-l 1 in2/hr) 1.3 cSt (7 in’/hr) 
4.1 cSt (23 ir?/hr) 2.4 cSt (13 ir?/hr) 

D613 40 2 

D 976 40 2 

D El9 35 “:I. % 
D 2622 0.05 wt. % (500 ppmw) 2 

’ Satisfactory operation should be achieved in most cases if the cloud point (or wax appearance point) is 
specified at 6 “C (11 “F) above the tenth percentile minimum ambient temperature for the area and 
calendar month. When a cloud point less than -12 “C (IO “F) is specified, the minimum flash point shall 
be 38 “C (100 OF). the minrmum viscosity at 40 “C (104 “F) shall be 1.7 cSt (9.5 in’/hr), and the minimum 
T,, shall be waived. 
’ Same as Grade Low Sulfur No. 2-D specification. 

Viscosity is a measure of flow resistance; the higher the viscosity, the greater the 
resistance to flow. Fuel viscosity is also related to fuel density, generally the lighter 
fuels being less viscous and the heavier fuels being more viscous. Based on the 
properties of 52 Cmshed diesel fuels and blending components, a correlation of 
viscosity, density. and total aromatic hydrocarbon content has been described (see 
figure on next page) 
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_..--_.-.-_ 

- Diesel Fuel Correlation of Total Aromatic 
Content, Density and Viscosity (cStj @ 40 C 

m 
-5 I- 

25.0 

20.0 

15.0 

10.0 

50 . 

00 . 

0.79 0.80 0.81 0.82 0.83 0.84 0.85 

Density (g/ml) @ 15 C 
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Fuel viscosity requirements are pertinent to the design of fuel-metering and fuel- 
injection equipment, which must accurately meter and precisely inject a small quantity of 
fuel. Since viscosity is temperature-dependent, the fuel tolerance band between 
maximum and minimum viscosity should be kept as small as practicable to avoid loss 
of performance under extreme conditions. At low temperature, viscosity reduces fuel 
flow rates; and a high-viscosity fuel may result in incomplete filling of the metering 
chamber and an inadequate volume of fuel being injected. A low-viscosity fuel in 
high-temperature, low-speed operation could result in unacceptable c!earance leakage 
from the pumping elements; making “hot restarting” impossible until the fuel system has 
cooled down. Fuel viscosity also affects injector-spray penetration rate, cone angle, 
and drop-size distribution. 

Cetane number is a measure of the ignition quality of the fuel and influences 
combustion roughness. The cetane number requirements depend on engine design, 
size, nature of speed and load variations, and on starting and atmospheric conditions. 
A cetane number too low can result in poor combustion and high emissions under 
transient cycle operation. Cetane number can be increased through the use of ignition 
improvement additives such as 2-ethyl hexyl nitrate. Cetane index is an estimate of the 
natural cetane number of the fuel, and is calculated based on the fuel’s density and mid- 
boiling temperature (TAO) (an updated ASTM method additionally uses the T,o and T&. 

The aromatic hydrocarbon content (aromatic@) of diesel fuel has a great 
influence on fuel quality. Aromatic compounds have high liquid densities. Monocyclic 
compounds have relatively low boiling points; polycyclic compounds have relatively high 
boiling points. Aromatic compounds are also relatively refractory to combustion. High 
aromatic@ generally means high volumetric energy content, high combustion 
temperatures, poor combustion (ergo, low natural cetane number), and high emissions. 

Fuel sulfur content can affect engine wear, deposit formation, and emission 
performance. Fuel sulfur that is not deposited within the fuel system, engine, or exhaust 
system is emitted as sulfurous compounds, such as gaseous sulfur dioxide (SQ2) and 
particulate sulfates (Sod*->. Sulfur compounds in engine exhaust can also reduce the 
effectiveness of emission control equipment. 

ASTM D 975 also addresses fuel lubricity, but does not currently include a 
standard for fuel lubricity. Two fuel characteristics, which affect fuel lubricity and 
equipment wear, are fuel viscosity and the amounts of trace fuel components which 
have an affinity for metal surfaces. Fuel lubricity is a concern when fuels with lower 
viscosities than what is specified for a particular engine are used, or when fuels are 
used which have been processed in a manner that results in the elimination of the 
surface active species, which act as lubricating agents. Fuels, which have been shown 
to have lubricity problems, are fuels, which have been severely hydro-treated to remove 
sulfur and reduce aromaticity. This effect can be counteracted with the use of lubricity 
improvement additives. 
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Work in the area of diesel fuel lubricity has been ongoing by several 
organizations, such as the International Standard Organization (ISO) and the ASTM 
Diesel Fuel Lubricity Task Force.- The charge of the ASTM task force is the 
recommendation of lubricity test methods and a fuel lubricity specification for D 975. 
Test Methods D 6078, a scuffing load ball-on-cylinder lubricity evaluator (SLBOCLE) 
method, and D 6079, a high frequency reciprocating rig (HFRR) method, were proposed 
and approved by the task force. .Both methods in their current forms do not apply to all 
fuel-additive combinations. 

Further research is required before.the task force can recommend a .lubricity 
specification. SAE Technical Paper 952369 indicates that fuels with scuffing load 
values below 2000 g in Test .Method D 6078 will probably cause accelerated wear in 

- .- 

fuelllubricated, rotary-type fuel injection pumps. Work at ISO, documented in SAE 
Technical Paper 952372, indicates that fuels with Test Method D 6079 wear-scar 
diameters of 450-micron, or less, at 60 OF (380-micron, or less, at 25 “C) should protect 
all fuel injection equipment. 

Unspecified properties of No. 2 diesel fuel include density, lower heating value 
(LHV), and volumetric energy content. A summary of composition and property ranges 
is tabulated below for No. 2-D. The ranges may be narrower for Grade Low Sulfur or 
other cleaner burning No. 2-D fuels. 

Summary of Composition and Property Ranges for No. 2-D 
1 Molecular Formula CR to cm 

Carbon Content (wt. %) 
Hydrogen Content (wt. %) 
Boiling Temperature (OF) 
API Gravitv 

84 toff 
13 to 16 

370 to 650 
27 to 43 

II 

Fuel Density (g/ml) @ 15 “C = Sped SC Gravity @ 60 “F/ 60 “F = 141.5 c (131.5 + API Gravity) 

III. FUEL OPTIONS 

A review of engine emission testing programs for fuel property effects on heavy- 
duty diesel (HDD) emissions, based on both transient-cycle and steady-state testing, 
indicates that six properties of diesel fuel have some influence on HDD emissions. The 
propenies studied were sulfur content, aromatic hydrocarbon content, polycyclic (or 
polynuclear) aromatic hydrocarbon (PAH) content, cetane number, density, and 
volatility. Another property, which may influence HDD emissions, is oxygen content. In 
this report we discuss this property effect under “Alternative Diesel Fuels,” as it may 
properly relate to the specific oxygenated component of the fuel. 
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A. Reformulated and Synthetic Diesel Fuels 

Studies indicate generally that reducing sulfur, aromatic, and PAH contents; 
increasing cetane number and back-end volatility; and decreasing the density of diesel 
fuel causes reductions in diesel PM and NOx emissions. These property changes 
generally cause favorable or neutral behavior with respect to gaseous hydrocarbon 
(HC) and carbon monoxide (CO) emissions, with the exception that these emissi.ons I 
generally behave oppositely with respect to back-end volatility and fuel density. Overall, 
the fuel property effects on HDD emissions are generally more prohounced in higher- 
emitting engines. Also, the greatest absolute and relative emission reductions can of 
course be achieved relative to a fuel with high-emitting properties. 

CARB diesel and its alternative formulations have low-emitting properties; except 
that volatility and density are essentially unregulated aspects ofthe basic,property 
requirements or equivalency determinati,ons. The T90 of the reference fuel may vary 
from 550 to 610°F (288 to 321 “C) and the API gravity of the-reference fuel may vary 
from 33 to 39 (0.83 to 0.86 g/ml). The specifications for alternative formulations are not 
required to include volatility or density specifications. 

Swedish Urban Diesel and ARCO’s Emission Control - Diesel (EC-0) are 
reformulated diesel fuels which are refined from crude. Syntroleum’s ultra-low-aromatic 
synthetic diesel fuel is synthesized from natural gas by the Fischer-Tropsch (F-T) 
process. All of these fuels should perform similarly to ASTM Grade No. I-D fuel. All of 
these fuels have properties which, when compared to CARB diesel, are consistent with 
the six property changes discussed previously, and which combined should reduce 
diesel PM, NOx, HC, and CO emissions overall. 

Of the six fuel properties, which have been identified as influencing HDD 
emissions; only sulfur content, aromatic hydrocarbon and PAW contents, and fuel 
density significantly affect diesel PM emissions. 

I. Very Pow-sulfur CARB Diesel 

Sulfur in diesel fuel results in proportional amounts of engine-out SOx and 
particulate sulfate emissions. Reducing sulfur levels below the CARB Diesel average 
sulfur content of 141 ppmw in the absence of exhaust after-treatment, is expected to 
have an impact on diesel PM emissions” An U.S. EPA on-road emission model predicts 
that reducing sulfur content from 141 ppmw to 15 ppmw would reduce SOx emissions 
(as Son) by 0.11 grams per pound (g/lb) of fuel, and would reduce diesel PM emissions 
(as H2S04 : 7H20) by 0.0080 g/lb of fuel. The SOx emission reductions would reduce 
atmospheric sulfate formation (as half NHzS04 and half NH4HS04) by 0.026 g/lb of fuel. 
These differences are approximately equal to FTP-cycle specific emission reductions of 
0.016 grams per brake horsepower-hour (g/bhp-hr) for SOx, 0.0040 g/bhp-hr for 
diesel PM, and 0.013 g/bhp-hr for indirect sulfate. Based on the US, EPA model, 
reducing fuel sulfur from 141 ppmw to 15 ppmw would reduce diesel PM emissions by 
about 4% from engines with FTP-cycle specific emission rates of 0.1 g/bhp-hr. (A 
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reduction from 500 ppmw to 5 ppmw would result in about a 16% reduction from 0.1 
g/bhp-hr.) At 15ppmw sulfur, the residual engine-out SOx and particulate sulfate 
emissions would be 0.013 g/lb of fuel and 0.0010 g/lb of fuel, respectively. These 
emission-ratios are approximately equal to FTP-cycle specific emissions of 0.007 g/bhp- 
hr for SOx and 0.0005 g/bhp-hr for particulate sulfate (see table). - 

Fuel Sulfur Content, Predicted Engine-Out Sulfur Compound Emissions, 
and Predicted Atmospheric Sulfate Formation 

’ Predicted with U.S. EPA on-road emission model. 
’ FTP-cycle .emissions if brake specific fuel consumption (BSFC) is 0.5 Ib/bhp-hr. 

2. Impact of Sulfur on After-Treatment Technology 

a) MECA Demonstration Results 

The impact of sulfur content on diesel PM emissions varies widely depending on 
whether exhaust after-treatment is used and what type of after-treatment is used. A 
1999 report by the Manufacturer of Emission Controls Association (MECA), 
Demonstration of Advanced Emission Control Technologies Enabling Diesel-Powered 
Heavy-Duty Engines to Achieve Low Emission Levels, compares emissions from a 
1998-model, Detroit Diesel Corporation (DDC) series-60 engine with various after- 
treatments and for fuels with different sulfur contents. One of the fuels contained 
368 ppmw sulfur and another contained 54 ppmw sulfur; other properties of ttie fuels 
were not the same. The lower-sulfur fuel yielded fuel-effect diesel PM emission 
reductions of approximately 14% with no after-treatment to 72% for after-treatment with 
a catalyst-coated diesel particulate filter (DPF-A). Some of the reduction in baseline 
(without after-treatment) emissions may have been due to other property differences of 
the fuels; however, the U.S. EPA on-road emission model predicts an emission 
difference of about 0.01 g/bhp-hr due to sulfur alone. Two medium-activity diesel 
oxidation catalysts (DOC-B and DOC-E) and one high-activity diesel oxidation catalyst 
(DOC-F) were also tested with the two fuels. Improved after-treatment control efficiency 
was consistently demonstrated with the lower-sulfur fuel (see table). 

IV- 12 



184 
DRAFT - DO NOT CITE OR QUOTE 

MECA Demonstration Results 

’ Federal test procedure (FTP)-cycle diesel PM emissions. 
* Reduction from baseline diesel PM emissions. 

With catalytic after-treatment, SO;! in the engine exhaust can be oxidized to 
SOS, which condenses with water. The condensed SOS increases the particulate mass, 
offsetting the reduction of other particulate components. For this reason, reducing fuel 
sulfur improves after-treatment effectiveness and reduces diesel PM emissions. 
Very low-sulfur fuel would allow after-treatment manufacturers to use more highly active 
catalysts, which operate effectively at lower temperatures and have a broader range of 
vehicle applications. 

b) DECSE Program’s DPF Results 

The United States Department of Energy (DOE), the Engine Manufacturers 
Association (EMA), and MECA have been conducting a joint test program to 
evaluate four levels of diesel sulfur (350, 151, 30, and 3.1 ppmw) with four types of 
after-treatment technologies. Tabulated below are some of the data from this Diesel 
Emission Control - Sulfur Effects (DECSE) Program’s Phase I Merim Data 
Report No. 4: Diesel Patficulafe Filters - Final Report. 

A Caterpillar 3126 engine rated at 205 kW (275 horsepower) and equipped with 
electronic controls was used for the DPF tests. The 3126 engines are typically used for 
applications that result in relatively low-temperature exhaust (e-g, below 300 OC 
(572 OF)). Because fuel sulfur level is expected to affect the filter regeneration 
temperature, these low-temperature applications are an excellent test of the effects of 
fuel sulfur level. Two different DPFs were tested; one catalyzed (catalyst-coated) DPF 
(CDPF) and one continuously regenerating DPF (CR-DPF). The CR-DPF has an 
upstream oxidation catalyst, which generates NO2 to oxidize the filter-collected 
diesel PM. Emissions were sampled for Organisation lnterntionale des Constructeurs 
d’Automobiles (OICA) 13- mode, peak-torque, and “road-load” steady-state engine 
tests. 
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DECSE Program’s DPF Results 

We have assumed,the 151-ppmw-sulfur data as the baseline for sulfur effects 
on diesel PM emissions. The DPF data for the 350-ppmw-sulfur fuel indicate significant 
diesel PM increases due to catalytic sulfate generation, Carbon monoxide emission 
reductions of 90% or more, and hydrocarbon emission reductions of over 
50%, were achieved for all fuel sulfur levels and engine tests with both DPFs. 

3. Other Reformulation Options 

Aromatic-hydrocarbon-content, PAH-content, and fuel-density limits should help 
to control diesel PM emissions; however, more data on emission effects on the various 
engines and run cycles are needed to determine what the limits should be. _ 

4. Swedish Urban Diesel Fuels 

In 1991, Sweden i.ntroduced new environmental classifications for diesel fuels, 
with tax incentives to encourage their use. The revised specifications for Swedish 
Urban Diesel Fuels, issued in 1992, are tabulated here. 

Revised Specifications for Swedish Urban Diesel Fuels 

A concern was identified that Swedish Class 1 and Class 2 fuels may cause 
premature injection-pump wear due to their low lubricity characteristics; however, 
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testing has shown that Class 1 fuel, enhanced with a lubricity additive, performs without 
problems- 

5. ARCO’s Emission Control - Diesel 

ARC0 has developed diesel fuel called Emission Control - Diesel that results in 
substantially lower exhaust emissions compared to a CARB Diesel fuel blend. EC-D 
has a very low-sulfur content, low aromatic and PAH contents, a high natural cetane 
number, and low density. EC-D is produced from typical crude oil using a conventional 
refining process. 

Three engines were tested in an emissions laboratory and six urban trucks and 
buses were tested on a heavy-duty vehicle chassis dynamometer. Initial test results ,_ 
indicate that EC-D reduces regulated emissions while maintaining fuel economy, 
compared to a CARB Diesel fuel blend. Averaged, the tests showed diesel PM and HC 
reductions of +l3% each, a CO reduction of 6%, and a NOx reduction of 3%. The 
properties of the initial test fuels are tabulated below. 

Averaged Results from Initial EC-D Test Program 

HC 13% 
co 6% 

NOx 3% 

Summary of initial EC-D Test Program Fuel Properties 

As discussed previously, very low-sulfur fuels such as EC-D will enable the use 
of sulfur-sensitive emission control devices for even greater exhaust emission 
reductions. A technology validation program evaluating EC-D and regenerative 
DPF technology on urban diesel vehicles has been initiated. The fuel’s impacts on 
engine durability, vehicle performance, and emissions will be evaluated in eight truck 
and bus fleets. Currently, 184 trucks and buses are participating in the test program, 
74 (40%) of which will be retrofitted with regenerative DPFs. So far, no significant 
maintenance issues have been reported for school bus, tanker truck, and grocery truck 
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fleets, which have been participating in the program for over six months. Preliminary 
test results indicate that the EC-D with DPFs reduces diesel PM emissions by over 
90%. The properties of the program test fuels are tabulated below. 

t EC-D Test Program F Summary of Curren 
Property EC-D -I 

uel Properties 
CARB Blend 

Sulfur Cc jntent (ppmw) 7.4 121.1 
Aromatic Content (vol. %I -\~-~ -I I 10.9 I 22.5 

0.9 4.1 PAH Content (wt. %) 
Natural Cetane Number 
API Gravity 
Density @ 15 “C (g/ml) 
Energy Content (Btu/gal) 
Cloud Point (OF) 
Initial Boilina Point (OFI 

64.7 54.1 
42.8 36 

0.8119 0.8445 
126,300 130,000 

27 16 
412.8 351.7 

” ’ ’ Tlo (“F) 445.4 409.0 
J-so (“F) 526.1 525.4 
Tgo (“F) 610.9 622.7 
Final Boiling Point (OF) 656.2 664.9 

The averaged preliminary emission test results for two school buses and two 
tanker trucks are tabulated below. The vehicles were tested on a heavy-duty chassis 
dynamometer over a City-Suburban Heavy Vehicle Route (CSHVR) driving schedule. 
Averaged results of testing, prior to DPF installation, indicate NOx and diesel PM 
emission reductions, due to EC-D alone, of -I 0 and 15% for the buses and 11 and 3% 
for the trucks. The VFE decrease observed with EC-D, approximately 3%, was about 
equal to the difference in volumetric energy contents between the EC-D test fuel and 
the CARB blend. 

Averaged Preliminary Results from Current EC-D Test Program 

3.4 
Truck w/ DPF 13.93 -15 0.32 -90 0.11 -92 0.026 -96 5.24 - 

5.6 
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6. Ultra-Low-Aromatic Synthetic Diesel Fuel 

Fischer-Tropsch is a gas-to-liquid chemical conversion process that is being 
successfully used to produce high quality gasoline and diesel fuel products from coal, 
natural gas, and biomass feedstocks. The process originates from- Franz Fischer and 
Hans Tropsch, who patented the synthesis of petroleum at normal pressure using metal 
catalysts in 1926. In the Syntroleum Process, sulfur is first removed from natural gas. 
Then, the natural gas is reformed with air, producing a nitrogen-diluted synthesis gas 
containing mostly CO and .H2- A cobalt-based F-T catalyst is used to reassemble the 
synthesis gas molecules into highly saturated synthetic oil and by-product water. The 
principal products are iso- and normal paraffins; along with minor amounts of simple 
olefins and primary alcohols. These few olefins and alcohols are-removed by mild ~ 
hydrosaturation, leaving very-low-aromatic, super-very low-sulfur synthetic diesel fuel. 
Fischer-Tropsch fuels may require a lubricity additive to prevent undue fuel-injection 
system wear.. A commercially available lubricity additive has been found to be effective. 

Three different F-T diesel fuels have been tested against a CARB Diesel fuel with 
properties of the general reference fuel, following a procedure similar to the CARB 
procedure for evaluation of alternative formulations. On average, the testing showed 
emission reductions, compared to the CAR6 fuel, of4% for NOx, 36% for CO, 20% for 
HC, and 26% for diesel PM (see table). Averaged properties of the three F-T fuels and 
the properties of the CARB fuel are also shown below. 

Ave:*aged Emission Reductions Due to Three F-T Test Fuels 

NOX 

co 
HC 

Diesel PM 

” 
4% 
36 % 
20 % 
26 % 

Averaged Properties of Three F-T Test Fuels 
and Properties of CARB Test Fuel 

Four trucks, White-CMC WG64T class-8 tractors (80,000-lb gross vehicle 
weight), with 1996- and 1997-model Caterpillar 3176B, 350-hp diesel engines were 
tested with a F-T fuel and a CARB Diesel fuel on a heavy-duty chassis dynamometer. 
Emission reductions with the F-T fuel averaged 32% for NOx, 18% for CO, 40% for HC, 
and 24% for diesel PM (see table on next page). Based on the volumetric energy 
contents of the two fuels, a VFE reduction of about 3.4% was predicted for the F-T fuel. 
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The test average reduction was 2.4%. Drivers could not detect a performance 
difference between trucks operating on the F-T fuel and the CARB Diesel. Properties of 
the two fuels are summarized below. 

Summary of Chassis Dynamometer - 
Emission Results for.F-T and CARB Fuels 

1 Average Values % Reduction 1 
NOi (n/mi) 

I 
13.4 11.7 12 i 

CO (s/mi) 
HC (g/mi) 

Diesel PM (a/n 

3.99 3.27 18 
0.67 0.40 40 

ni) 0.48 0.37 24 
VFE (m&) 5.95 5.81 2.4 

I I, n I 

Cetane Number (Index) 
Specific Gravity @ 60 “F/ 60 “F 
Volumetric Energy Content (Btu/gal) 
Initial Boiling Point (OF) 
TIO (7 
Tso ("F) 
TW (“Fj 

-. . . .- 
'74 (53.7) 

0.7845 0.8337 
123,600 127,900 

410 347 
500 415 
572 514 
628 630 

F&l Boiling Point (OF) 
I I 

640, 685 

B. Alternative Diesel Fuels 

The fuels discussed in this section contain oxygenated components or consist of 
oxygenated chemical compounds. 

1. Fuel/water Emulsions 

A-55, Incorporated, has patented diesel/water and naphtha/water emulsion fuels 
for use in compressIon ignition (Cl or diesel) engines. The diesel/water fuel patented by 
A-55 consists of about 30% water and about 70% petroleum diesel. Small amounts 
(less than 1%) of a proprietary additive are included to maintain the emulsion, enhance 
the lubricity, inhibit corrosion, protect against freezing, and limit foaming potential. The 
diesel frac‘tion of the emulsion can be either a naphtha cut or finished diesel fuel. 

The prese7c.c of water in the emulsion reduces both diesel PM and NOx 
emissions In dlese engines. The water causes lower combustion temperatures, which 
reduces NOx e=ss:ons The NOx emissions reductions increase as the water content 
of the emulslo:! ir.C:eases. Also, for a given water content, the NOx reductions are 
greater for diese+water emulsions than for diesel/naphtha emulsions. The water also 
produces a different combustion pattern, which causes the carbon in the fuel to burn 
more completely producing lower diesel PM emissions. Tests in a transit bus showed 
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NOx reductions of 53% and diesel PM reductions of 20%. More recent tests on a 1999 
diesel pickup showed NOx reductions of 26% and diesel PM reductions of 22%. 

There does not appear to be any loss in engine power or degradation in 
performance from the use of diesel/water or naphtha/water emulsions. Testing has 
shown that power and torque curves with the emulsions are comparable to those 
of No. 2-D fuel. Peak cylinder pressures are also comparable. Diesel/water 
emulsions appear to result in slightly greater thermal efficiency. The presence of 
water decreases the volumetric energy content, which is translated into a reduction in 
VFE (miles per gallon)., However, there appears to be little difference, or perhaps a 
slight increase, in the fuel economy, on a miles-per-BTU basis-with the emulsion. 
Because of the reduced volumetric.fuel economy, the range is reduced. A!so, on some 
applications, the volumetric flow rate to the engine is increased, necessitating 
modifications to the fuel metering system. The need for these modifications is an 
obstacle that has to be overcome before diesel/water emulsions could be considered 
feasible on a widespread basis for all diesel vehicles. 

The use of diesel/water and naphtha/water emulsions has been demonstrated in 
some bus fleet applications. The regional transit agency in Reno had three urban 
transit buses operating on diesel/water and naphtha/water emulsions, and the Washoe 
County School District became the first school district to approve the use of the fuels in 
four school buses. More recently, two para-transit buses in Sacramento were operated 
on A-55. 

The Lubrizol Corporation has also been developing diesel/water emulsions for 
use in diesel engines. Lubrizol calls its, fuel PuriNOx Performance Systems fuel 
(PuriNOx). PuriNOx is a diesel/water emulsion in which the diesel fuel is the continuous 
phase and the water is emulsified. The water content of PuriNOx is about 20% and the 
diesel fuel content is about 80%. Surfactants and other additives make up less than 
1%. Lubrizol has reported a NOx reduction of 15%, and a diesel PM reduction of 51%, 
in eight-mode emission testing of PuriNOx in an eight cylinder, 34.5liter diesel engine. 
The table below summarizes the reported emission reductions. 

Emission Reductions from Engine Testing of PuriNOx 

Lubrizol has also conducted a chassis dynamometer test on a Euro II Olympian bus in 
which PuriNOx was used in combination with a diesel oxidation catalyst- Over the 
Millbrook London Transport Bus (MLTB) Cycle, the combined use of the diesel oxidation 
catalyst and PuriNOx.achieved a NOx reduction of 21% and a diesel PM reduction of 
70%. The baseline diesel fuel and the emulsion-base diesel fuel were the same, and 
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had a sulfur content of less than 50 ppmw and a Tg5 of less than 345 Oc. The table 
below summarizes the observed emission reductions. 

- Emissions and Emission Reductions from Chassis Testing 
of a Bus with Diesel Oxidation Catalyst and PuriNOx 

Pollutant Baseline Emissions w/ - Emission 
Emissions DOC+PuriNOx Reduction 

(@km) kdkm) (%) 
NOx 14.0 11.1 21 
THC 0.654 0.055 92 
co 1.516 0.046 97 

Diesel PM 0.182 0.055 70 

In summary, diesel/water and naphtha/water emulsions have promise for 
applications where central fueling facilities exist. Fleet applications such as transit 
buses and school buses are examples of such applications. 

2. Ethanol-Diesel Micro-Emulsions 

Emulsions between ethanol and diesel recently have shown promise as an 
emission reduction technology for diesel engines. In ethanol-diesel emulsions, globules 
of ethanol are dispersed within the diesel fuel. ,Most of the research to date has focused 
on formulations with aqueous ethanol; that is, solutions of water and ethanol. The 
aqueous ethanol content of the emulsions is typically 12 to 24% by weight. A stable 
emulsion is maintained with the presence of sutfactants, which contain polar and non- 
polar ends. The polar ends point towards the interior of the globules where the ethanol 
molecules are found, while the non-polar ends point to the area between the globules 
where the diesel compounds are’found. The globules in ethanol-diesel emulsions tend 
to be smaller than those found in fuel/water emulsions. Hence they are referred to as 
micro-emulsions, as opposed to macro-emulsions. Micro-emulsions are clear, 
temperature-stable formulations that can be handled the same way as diesel fuel. 

Ethanol-diesel emulsions are being developed as a strategy for diesel PM and 
NOx emission reductions. NOx reductions are achieved as a result of lower combustion 
temperatures. The combustion temperatures are reduced as a result of the high heats 
of vaporization of ethanol and water. The diesel PM emissions are reduced as a result 
of a phenomenon referred to as steam explosion. Steam explosion refers to the sudden 
vaporization and expansion of the water within the globules. This vaporization better 
atomizes the fuel, which promotes complete combustion. The emission reduction 
effects of water and ethanol are proportional to their concentration. So-called “‘first 
generation” formulations of ethanol-diesel emulsions reduced diesel PM emissions by 
approximately 40% and NOx emissions by approximately 10%. “Second generation” 
formulations incorporating several refinements increased the .NOx reduction somewhat, 
but decreased the diesel PM reductions. Further work is being done to obtain the 
optimum formulation for combined NOx and diesel PM reductions. Some tests have 
shown that the use of ethanol-diesel emulsions increases emissions of some pollutants. 
Exhaust hydrocarbon emission increases of 
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20 to 50% have been measured. The presence of ethanol in the emulsi‘on causes both 
formaldehyde and acetaldehyde to increase. The table below summarizes the 
emissions reductions from the use of ethanol-diesel emulsions. 

Potential Emission Benefits of Ethanol-Diesel Fuel Emulsions 

Ethanol-diesel emulsions appear to have little effect on diesel-engine fuel 
economy. The volumetric energy content of ethanol-diesel emulsions is lower than that 
of diesel fuel. This would tend to reduce the fuel economy of ethanol-diesel emulsions. 
However, the thermal efficiency of an engine fueled with an ethanol-diesel emulsion is 
somewhat higher than with diesel fuel, and this offsets the effect of lower energy 
content. Consequently, the net VFEwith ethanol-diesel emulsions is about the same as 
with diesel fuel. 

A number of companies are working to commercialize the ethanol-diesel 
emulsion technology. Pure Fuels USA, Incorporated, is working to find the optimum 
mix of ethanol, water, and diesel. They are also working to optimize the amount and 
type of emulsifier. The use of other additives to increase cetane number, improve 
NOx reductions, and lower cost is also being explored. Pure Energy Corporation 
has developed an additive package that allows the emulsion to be maintained at 
temperatures as low as 20 “F below zero. Pure Energy Corporation participated in 
a demonstration program by the Chicago Transit Authority in which 15 buses were 
operated with an ethanol-diesel emulsion. 

Further development work needs to be done before ethanol-diesel emulsions can 
be considered a viable alternative to conventional diesel. Currently, ethanol-diesel 
emulsions are not cost competitive with conventional diesel, costing about $0.07 to 
$0.15 more per gallon to produce. Ethanol-diesel emulsions require government 
subsidies in the form of tax breaks to approach cost competitiveness with conventional 
diesel. Further fleet testing is required to demonstrate the lack of adverse, long-term 
engine and fuel system effects. Specifically, more information is needed on long-term 
lubricity and corrosion effects. Also, further optimization of the emulsifier/additive 
package is required. In order to optimize the total emissions reductions from diesel 
engines, the integrated use of ethanol-diesel emulsions in engines using exhaust gas 
treatment technologies needs to be demonstrated. 
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3. Biodiesel and Blends 

Biodiesel is a mono-alkyl ester-based oxygenated fuel, a fuel made from 
vegetable oil or animal fats. It can be produced from oilseed plants, such as soybeans 
and canola, or from used vegetable oil. It has similar properties to-petroleum-based 
diesel fuel, and can be blended into petroleum-based diesel fuel at any ratio. It is most 
commonly blended into petroleum-based diesel fuel at 20%. This mixture is commonly 
referred to as “B20”. Neat biodiesel is termed BIOO. The use of biodiesel, neat or in 
petroleum-based blends, does not require modifications to the engine or fuel system. 

Biodiesel is registered as a fuel and fuel additive with the United States 
Environmental Protection Agency. It has gone through the U.S. EPA Tier I Health 
Effects Testing under section 211 (b) of the Clean Air Act, which provides an invento.ry of -_ 
environmental and human health effects attributes. Recently, BIOO has been classified 
as an alternative fuel by the United States Department of Energy, and the United States 
Department of Transportation. 

Biodiesel has similar properties to petroleum based diesel fuel; however, there 
are some significant differences. Biodiesel contains 11% oxygen by weight and 
contains no sulfur or aromatic hydrocarbons. On a transient test cycle, fuel economy 
and power are about 10% lower than conventional diesel fuel; with B20 the loss is about 
2%. Biodiesel has favorable lubricity characteristics, but will soften and degrade certain 
types of elastomers and natural rubber compounds over time. Manufacturers 
recommend that natural or butyl rubbers not be allowed to come in contact with pure 
biodiesel. Biodiesel can be stored in the same tanks as petroleum based diesel, but it 
has a shorter shelf life, which makes it less suitable for use in emergency generators or 
engines that operate infrequently. 

Emission data comparing biodiesel to CARB diesel are limited, but data 
comparing biodiesel to conventional diesel fuel are more readily available. Compared 
to CARB diesel or conventional diesel fuel, the use of BIOO significantly reduces 
diesel PM, CO, and HC, but significantly increases NOx. Also, based on Ames 
mutagenicity studies, BIOO may provide a go-percent reduction in cancer risk compared 
to conventional diesel fuel. In comparing B20 to conventional diesel fuel, the changes 
in emissions are directionally the same, but smaller. The table on the next page 
provides a summary of emission test results from the use of BIOO and B20 compared to 
conventional diesel fuel. 
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Potential Emission Benefits of Biodiesel 
and a ZO-Percent Biodiesel Blend 

Sulfates 
Polycyclic Aromatic Hydrocarbons** 
Nitro-PAH’s** 
* Estimated from 8100 result 
** Average reduction across all compounds measured 
** 2-nitroflourine results were within test method variability 
Source: Biodiesel Emissions, Fact Sheet, National Biodiesel Board 

Biodiesel reduces the health risks associated with conventional diesel fuel. 
Biodiesel emissions showed decreased levels of PAH and nitrited-PAH (nPAH) 
compounds, which have been identified as potential cancer causing compounds. In 
recent tests, PAH.compounds were reduced by 75 to 85%, with the exception of 
benzo(a)anthracene, which was reduced by roughly 50%. Also nPAH compounds were 
reduced significantly. The Z-nitrofluorene and I-nitropyrene emissions were reduced by 
90%, and the rest of the nPAH compounds were reduced to only trace levels. These 
toxic emission differences are likely to be smaller when compared to CARB Diesel fuel, 
but may still be significant. More data comparing CARB Diesel to biodiesel are needed. 

C. Diesel Fuel Additives 

There are thousands of additives that have been registered with the U.S. EPA as 
injector cleaners, corrosion inhibitors, or lubricity enhancers; however, the focus of this 
section is to investigate existing additives and their effectiveness in reducing diesel PM 
emissions from diesel engines. Additive manufacturers have used different additives to 
improve combustion efficiency or to facilitate the post combustion reactions in a catalyst 
or particulate filter. However, in many cases very limited data is available regarding the 
use of these additives in California diesel fuels. The following is a description of 
information provided to the ARB staff with regard to additives and their potential ability 
to reduce diesel PM. Any additives with unsupported claims of emissions reductions 
were not included; however, the discussion of the following additives does not constitute 
an endorsement or confirmation of the results by the ARB staff. 
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1. Fuel-Borne Catalysts 

Fuel-borne catalysts (FBCs) or regenerative additives can be used to improve 
the performance of diesel oxidation catalysts and particulate filters. A number of these 
types of additives have been registered with the U.S. EPA for on-h-ighway use. In 
Europe certain FBCs have been approved for use with filters in mines, tunnels and 
construction vehicles; and Peugeot recently announced a new light-duty diesel vehicle 
using an on board reservoir of FBC and filter. 

However, there is also growing concern about potential long-term health effect of 
the metals in these catalysts. In particular, concerns have been raised about the use of 
certain FBCs at high levels of treatment ,on vehicles not equipped with filters. This is 
generally related to the potential for high levels of metal emissions and an increase in 
ultra-fine particles when FBCs are used at high treatment rates without filters. Recently 
certain FBCs have demonstrated PM reductions at ultra-low levels- of metal (4-8 ppm) 
with no increase in the number of ultra-fine particles emitted. 

Limited emissions testing using fuel-borne metallic additives has shown varied 
emissions results. Diesel PM emissions increased slightly with some additives and 
decreased significantly with others. Diesel fuel tested in vehicles with and without 
diesel particulate filters, with metallic additives, showed from an 8% increase to a 30- 
percent reduction in diesel PM. HC emissions decreased, and CO emissions either did 
not change or decreased by about 10%. NOx emissions decreased from two to 1 O%, 
depending on the test additive. However, in combination with a four degree timing 
retard; some fuel-borne catalysts have been shown to reduce NOx by up to 30%, 
without affecting diesel PM emissions or increasing fuel consumption. Based on tests 
that were done to measure exhaust metal emissions, metal emissions do not appear to 
change substantially by using these metallic additives. 

Additive manufacturers claim that the use of these additives also improves fuel 
efficiency, particularly at lower engine speeds, and can reduce the need for very low- 
sulfur diesel fuels. 

In both 368-ppmw and 54-ppmw sulfur fuel, an EPA-registered FBC along with a 
low-activity DOC has been shown to reduce diesel PM emissions by about 43% in FTP 
testing of a 1998 DDC Series 60 engine. More recent testing of the bimetallic 
platinum/cerium fuel-borne catalyst, used alone at levels of 8 ppm in a CARB low-sulfur 
(50 ppm) market blend of diesel, demonstrated a 13% reduction in PM emissions. 
When FBC-treated CARB fuel was used with either an uncatalyzed DPF or lightly 
catalyzed DPF, PM emissions were reduced by over 80% to O.Olg/bhp-hr. Testing of 
this same FBC in a commercial grade of jet/kerosene fuel produced PM emissions 17% 
below the CARB blend with slightly lower NOx emissions. A combination of FBC- 
treated CARB fuel blended with 20% biodiesel, and used with engine timing changes 
and a lightly catalyzed filter, reduced PM by 82% to 0.01 Ig/bhp-hr and lowered NOx by 
8% versus the CARB fuel baseline. 
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1998 DDC SERlES~60-400hp CERTIFIED @ 0.114.0 PMINOx 
(Average of Triplicate Hot FTP Transient) 

Fuel / Technoloav PM NOx 
W-w-W 

CARB Market Blend @ 50ppm Is 0.050 3.73 
CARB +- FBC 0.052 3.76 
CARB + FBC + DPFA 0.010 3.76 
CARB + FBC t- DPFD 0.011 3.76 
CARB + FBC +DPFA +2 ’ TR 0.011 3.61 
CARB + FBC +DPFA +4 ‘TR 0.026 3.33 
CARB + FBC + BIG +4’ TR + DPFC 0.011 3.42 
FBC + Jet/Kerosene @ 300ppm S 0.050 3.63 

Testing in support of EPA registration and under the European VERT protocol 
has shown that at 8 ppm the level of metal emitted is 5% of that input to. the engine and 
less than 1% is emitted after a filter. This is roughly equivalent to attrition from current 
autocatalysts. There is no increase in ultra-fine particle emissions with FBC-treated fuel 
at these low levels, and there was a 95% reduction in the number of ultra fines with the 
FBC and filter combination. Cost increases are estimated at $O.lO/gal for the fuel borne 
catalyst alone and $O.l5/gal for the FBC-jet/kerosene formulation over conventional 
highway diesel fuel. 

2. Nonmetallic Additives 

Chemecol developed a nonmetallic combustion-enhancing additive to reduce 
emissions- This additive technology is applicable to most diesel fuels and is comprised 
of mainly hydrocarbon species. It is not believed to be a health hazard because its 
combustion produces mainly carbon dioxide and water vapor. The additive is currently 
used in Europe and it has been used in variety of European vehicles for over 8 million 
miles with no compatibility problems- 

The use of this additive has been shown to reduce diesel PM by ten to 
20%, and to reduce other emissions, in both ECE15 + EUDC and R49 and 
FiGE transient test conditions. It also reduces PAH and nPAH levels and reduces the 
sub-2.5-micron particle numbers. 

Additives containing esters have been shown to reduce opacity in snap idle tests, 
but data indicating particulate emission reductions are not available. 

IV. RECOMMENDATIONS 

A. Changes to Fuel Specifications and Applicability 

Depending on technology, very low-sulfur e 15 ppmw S) CARB Diesel may need 
to be required for all engines to be manufactured or retrofitted with diesel PM after- 
treatment. To be consistent with U.S. EPA and to enable after-treatment control 
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technologies for off-road and stationary diesel engines; the ARB should adopt a 
regulation in 2001, which would require very low-sulfur CARB Diesel for all on-road, off- 
road, and stationary engines statewide, effective in 2006. In the regulatory 
development process the ARB staff should investigate the feasibility of earlier 
implementation. 

Also, directionally, lower aromatic hydrocarbon and PAH contents and lower fuel- 
density may help to reduce engine-out diesel PM emissions. These fuel specifications 
should be evaluated for further control. 

Synthetic or alternative diesel fuels may cost more than reformulated very low- 
sulfur CARB Diesel, but should be considered if shown to be cost-effective for diesel 
PM and other emission reductions. As these alternatives may result in significant 
benefits for higher-emitting operational categories, such as off-road engines; 
consideration may need to be given to operational applicability. 

8. Diesel Fuel Guidance for Districts 

Guidance on diesel fuel options and associated emission reductions should be 
developed to assist local districts in their permitting of fleets and equipment. The 
guidance may be especially useful in cases where control equipment retrofitting is 
impractical. 

V. RESEARCHNEEDS 

A. Fuels 

More information is needed on the emission effects of the aromatic hydrocarbon 
and PAH contents, and the density, of very low-sulfur CARB Diesel for various engines 
and run cycles. Also, more information is needed on the emissions from synthetic and 
alternative diesel fuels versus very low-sulfur CARB Diesel. 

VI. IMPACTS OF RECOMMENDED MEASURES 

A. Particulate Matter Emission Reduction 

For engines manufactured or retrofitted with after-treatment, the emission 
reductions with very low-sulfur CARB Diesel would be included as a result of the after- 
treatment. Reductions from fuel reformulation, synthetic and alternative diesel fuels, 
and additive-enhanced fuel are uncertain at this time; but would probably range from 
about 5 to 30% for diesel PM emissions. 

B. Other Emissions 

For engines manufactured or retrofitted with after-treatment, the emission 
reductions with very low-sulfur CARB Diesel would be included as a result of the after- 
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treatment. Reductions from fuel reformulation, synthetic and alternative diesel fuels, 
and additive-enhanced fuel are uncertain at this time; but would be fuel and emission 
specific. 

c. cost 
We estimate an incremental cost of less than $0.05per-gallon for production of 

very low-sulfur CARB Diesel. This cost should be added to the cost of after-treatment in 
considering the overall cost and cost-effectiveness of after-treatment. 

synthetic or alternative diesel fuels may cost more than reformulated very low- 
sulfur CARB Diesel, but should be considered if shown to be cost-effective for diesel 
PM and other emission reductions- Additive-enhanced, reformulated very ,low-sulfur 
CARB Diesel should also be considered. 

D. Other Environmental Impacts 

Any changes in CARB Diesel fuel requirements would require increased refinery 
operations. Decreased fuel density would require an increase in fuel distribution if VFE 
decreases- These changes are not expected to cause significant negative 
environmental impacts. 

Impacts of these and other potential fuel changes, if proposed as future 
regulations, should be evaluated as required under regulatory development. The 
potential environmental impacts of fuel alternatives, considered in the future for 
equivalency, should be addressed under the equivalency demonstration and 
certification application process. 
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Table 1: Existing Regulations for Mobile Source Engines - 

Reference 

-ederal 
Commercial Marine The standards adopted by U.S. EPA for small- and 40 CFR Part 94 
Diesel Engines medium-sized marine engines are similar to the Tier 

2 HC + NOx standards for land-based off-road Cl 
engines. The standards phase-in between 2004 and 
2007. The federal rule does not cover large, 
international cargo ships, which emit the majority of 
air pollutants, but defers control to international 
treaty. 

4ircraft Engines The International Civil Aviation Organization and the 40 CFR Part 87 
U.S. EPA adopted standards for smoke emissions 
from aircraft engines. .-. 

-ocomotive and The U.S. EPA adopted standards to be phased-in for 40 CFR Part 92 
-ocomotive Engine NOx, hydrocarbons, CO, PM, and smoke for new 
Standards locomotives and remanufactured locomotive and 

locomotive engines. 
Urban Bus Retrofit The U.S. EPA retrofit/rebuild program for urban 40 CFR Part 85 
‘Rebuild Program buses applies to 1993 and earlier model year urban 

buses operating in metropolitan areas with 1980 
populations of 750,000 or more. 

Heavy-Duty High.way The U.S. EPA has standards for on-highway heavy- 40 CFR Part 86 
Engine and Vehicle duty vehicles. The standards apply to 1985 and later 
Standards year engines. The most recently adopted standards 

will take affect in 2004. However, the SOP will be 
implemented in late 2002. 

Off-road Diesel Engine The U.S. EPA established a tiered progression to 40 CFR Part 89 
Emissions Control lower the emission standards for several categories 
Program of off-road engines. Each tier is phased in over 

several years by engine power category: Tier 1 
2000-2004, Tier 2 2003-2006, Tier 3 2006+. 

State 
Authority to Develop CA law grants the ARB the responsibility for control H&SC sections 
Mobile Source of emissions from motor vehicles. rhe federal CAA 39002,39500, 
Regulations preempts CA from regulating new off-road 43000 (c), 

construction and farm equipment with engines less 43101, and 43600 
than 175 hp and new locomotives.] 

Heavy Duty Vehicle This program reduces excessive smoke emissions HSC §§ 44011.6, 
Inspection and Periodic and tampering with diesel-fueled vehicles over 43701; 13 CCR 
Smoke Inspection 6,000 pounds GW. $5 2180 et seq. 
Programs 
Heavy Duty On-Road For 1998, CA’s emission standards and test 13 CCR 99 
Vehicle Programs procedures for heavy-duty on-road vehicles were 1956.8 et seq., 

designed to closely parallel the federal standards 1965,2036,2112 
(see above). 

Public Transit Bus This rule reduces diesel PM progressively with more 13 CCR §§ 
Fleet Rule stringent standards from 2002 - 2010 and aprogram 1956.1-1956.4, 

that encourages transit agencies to purchase or 1956.8 
lease low-emission, alternative fueled buses. 
Continued use of diesel buses mandates that the 
operator use ultra-low sulfur fuel. 
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I 

Table 1: Existing Regulations for Mobile Source Engines . 

Heavy Duty Off-Road 
Cl Engine Program 

diesel engines become increasing more stringent, 
based on horsepower and the model year. CA’s rule 
harmonizes with the federal program isee above). 

Small Off-Road Engine This program, beginning with the 1995 model year, 13 CCR 3s 2400 
(~25 hp) and has applied progressively more stringent PM et seq. 
Equipment Program emission standards to small off-road engines. Future 

rulemaking will be coordinated along the entire range 
of off-road diesel-fueled engines. 

Alternative Strategies 
Carl Moyer Program The Carl Moyer Memorial Air Quality Standards 
established in 
1998/l 999 fiscal year 

Attainment Program was primarily intended to be a 
NOx reduction program, but diesel PM has also been 
reduced. The Moyer program Advisory Committee 
has recommended diesel PM reductions as a goal of 
the oroaram. 
This M&l is a voluntary agreement between the 
ARB, the Burlington, Northern, and Santa Fe Railway 
Company, and the Union Pacific Railroad to 
accelerate the introduction and use of cleaner, lower- 
emitting locomotives in the South Coast Air Basin. It 
was implemented in 1998. 

HSC 3 44275 et 
seq. and ARB 
Guidelines 

Locomotive 
Memorandum of 
Understanding (MOU) 

B 

Local 
South Coast Air Quality 
Management District 
(SCAQMD) 

c 

L 

The SCAQMD is in the process of adopting several HSC section 
rules to mandate purchase of clean vehicles when 40447.5; 
fleet owner are adding or replacing vehicles. Rules SCAQMD 1190 
1191, Light & Medium Duty Fleet Vehicles; 1192, Series Rules 
Transit Buses; and 1193, Refuse Collection Vehicles, 

Table 2: Existing Regulations for Stationary Engines 

Regulation 

Federal 

Contact ARB 

Description 

The federal Clean Air Act established two distinct 
preconstruction permit programs (termed New 
Source Review) governing the construction of major 
new and modifying stationary sources. Sources 
constructing in nonattainment areas are required to 
apply the Lowest Achievable Emission Rate control 
technology to minimize emissions and to “offseT 
remaining emissions with reductions from other 
sources. Sources constructing in attainment or 
unclassified areas are required by the Prevention of 
Significant Deterioration requirements to apply the 
Best Available Control Technology and meet 
additional requirements aimed at maintaining the 
reaion’s clean air. 

Reference 

Nonattainment: 
CAA Title I, 
Section 172 (b)(5) 
and 40 CFR 
51.165 

Attainmentillnclas 
sified: 
CAA Title I, 
Section 165(a) 
and 40 CFR 
51.166 
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Table 2: Existing Regulations for Stationary Engines 
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stationary sources with the potential to emit above 
specified levels to achieve no net increase in 
emissions. Such areas must also require Best 
Available Control Technology on new and modified 

4B 2588 “Hot Spots” 
Requirements 

emissions, determine individual facilities health risk, 
and require the development and implementation of 
risk reduction and audit plans where significant health 
risks are identified. ARB works with local air districts 
and Cal/EPA’s Office of Environmental Health Hazard 
Assessment to compile emissions data from 
individual facilities and assess health risks posed by 
those emissions. Owners/operators of diesel-fueled 

districts to esta 

RACT/BARCT 

adopted permit programs. Generally, the local 
districts incorporate the state and federal permitting 
requirements into their preconstruction and operating 
permit programs. Some districts issue separate 
federal permits. In addition, for particulate matter, 
nothing restricts the authority of a district to adopt 
regulations to control suspended particulate’matter or 
visibility reducing particles. 
Many air districts in California adopt source or H&SC sections 
category-specific rules to reduce emissions from 40918 (a)(2), 
existing stationary sources. The required levels of 40919 (a)(3), 
control (RACT or BARCT control technology) for 40920 (a), and 
existing stationary sources depends on each air 40920.5 (a). 
districts nonattainment classification (i.e., moderate, 
serious, severe, or extreme). 
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Table 2: Existing Regulations for Stationary Engines 

(IC) Engine Regulations stationary diesel-fueled IC engines and one district 40918 (a)(2), 
has established a regulation for portable engines.- All 40919 (a)(3), 
13 set NOx and CO standards. These regulations do 40920 (a), and 
not set standards for diesel PM. 40920.5 (a). 

Table 3: Existing Regulations for Portable Engines 

See Table 1 above for new off-road engine regulations 

State/Local 
The statewide portable A uniform, voluntary statewide program for l-l&SC sections 
equipment registration registration and regulation of portable engines and 41750 - 41755 
program equipment. Air districts are responsible for enforcing 

the statewide registration program. 
Local Registration A program available in some districts in lieu of New 
Program Source Review. 

Table 4: Existing and Proposed Regulations for Diesel Fuel’ 

Federal 
Registration of Fuels All on-road diesel fuels and additives must be 40 CFR part 79 
and Fuel Additives registered. 
Sale or Supply of Prohibits the sale or supply of diesel fuel for use in on- 40 CFR 80.29 
Diesel Fuel for use in road motor vehicles, unless the diesel fuel meets or 
On-road Motor exceeds formulation requirements including a sulfur 
Vehicles content, by weight, no greater than 500 parts per million 

(fwmw). 
State 
CARB Diesei All diesel fuel sold or supplied in California for motor- 13 CCR 2281, 
Requirements vehicle use must meet or exceed formulation 13 CCR 2282, 

requirements including a sulfur content no greater than 13 CCR 
500 ppmw. The average sulfur content of CARB diesel 2456(e)2 
is between 100 and 120 ppmw. 

Fleet Rule for Urban Beginning July 1, 2002, transit agencies and companies 
Transit Bus Operators that lease buses to transit agencies must participate in a 13 CCR 1956.2 

program to retrofit diesel buses in their fleets, and 
operate their diesel buses on ultra-low-sulfur diesel fuel 
(< 15 ppmw.) 

Table does not include optional requirements applicable to federal and CARB diesel fuel formulation 
requirements. Refer to references for optional requirements. 
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Table 4: Existing and Proposed Regulations for Diesel Fuel’ - 
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I Regulation Description Reference 

The statewide portable 
Portable engines registered under this regulation shall 13 CFR 2456 

equipment registration 
use only fuels meeting the standards for California 

program 
motor vehicles fuel (e.g. CARB diesel.) 
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I. PURPOSE 

The purpose of this section is to present our methodology for updating the 
estimates for the statewide population-weighted annual outdoor average diesel PM 
concentration. 

Ii. INTRODUCTION 

The concentration of diesel PM that most Californians may be exposed to is 
estimated by the statewide population-weighted annual outdoor average diesel PM 
concentration. The Proposed Identification of Diesel Exhaust as a Toxic Air 
Contaminant, Appendix Ill, Part A. Exposure Assessment’ (ID Report) reported the 
statewide population-weighted annual outdoor average diesel PM concentration as 
3.0 pg/m3 for 1990. The ARB staff used studies from the San Joaquin Valley, South 
Coast, and San Jose to obtain speciated PM,, ambient data, along with ambient PM,,, 
monitoring network data, and the 1990 PM,, emissions inventory, in a receptor model 
approach to estimate the statewide outdoor concentration of diesel PM. 

Ill. METHODOLOGY 

A. Basic Approach 

We determined the ratio of the estimated statewide population-weighted annual 
outdoor average diesel PM concentration for 1990 from the ID Report and the most 
recent diesel PM emission inventory for the year 1990. 

3.0 No/m3 (year 1990 statewide diesel PM concentration) 
46,400 TPY (1990 diesel PM emissions inventory) 

We then established the following equation: 

3.0 uq/m3 (1990) 
46,400 TPY (1990) 

= x uqlm3 (2006) 
28,000 TPY (2000) 

We then multiplied the year 2000 updated emission inventory estimate by 
(3.0 pg/m3/46,400 TPY) to obtain the year 2000 statewide population-weighted annual 
outdoor average diesel PM concentration. 

B. The Baseline 

As stated above, the ID Report reported the statewide population-weighted 
annual outdoor average diesel PM concentration as 3.0 pg/m3 for 1990. This estimate 

’ As approved by,the Scientific Review Panel on April 22, 1998. 
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was determined using receptor modeling techniques, including chemical mass balance 
model results from several studies, ambient 1990 PM,, monitoring network data, and 
1990 PM,, emissions inventory data to estimate Californians’ outdoor ambient 
exposures to diesel PM. The 1990 PM,, inventory and ambient monitoring data were 
used as the basis for calculating the statewide exposure to diesel PM because it better 
represented the emission sources in the years when the ambient data were collected 
for the studies used to estimate 1990 diesel PM outdoor concentrations. 

C. Revised Estimates 

The emissions inventory is updated continuously. The categories of the 
emissions inventory include: stationary source, area sources, and mobile sources. The 
emissions inventory also includes natural (non-anthropogenic) sources. 

Originally, the emissions inventory did not include a complete inventory of off-road 
equipment. Recently, we have worked to update the off-road diesel engine inventory. 
Portable equipment has been included as a subset of the off-road emissions inventory. 
The methodology used to develop the inventory for off-road engines including portable 
engines is presented in Appendix Ill. Typical categories in the off-road emissions 
inventory include: agricultural engines, construction equipment, and military tactical 
support equipment. 

In addition to underestimating emissions from off-road equipment, previous 
emission inventories underestimated emissions from diesel-fueled stationary engines 
by underrepresenting the number of stationary engines. Because of this concern, we 
have performed a’more detailed inventory of stationary diesel engines along with better 
estimates of the stationary source contribution to diesel exhaust emissions. The 
methodology used to develop the inventory for stationary engines is presented in 
Appendix Il. 

As a result of the additional work to update the emissions inventory, the revised 
estimate for the total statewide diesel PM emissions inventory for 1990 is 46,400 TPY. 
The estimated emissions of diesel PM in California for the years 1990, 2000, 2030, and 
2020 are as presented in Tables 1, 2, 3, and 4. 
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Table I: Estimated Statewide Diesel PM Emissions Inventory - 
Diesel-Fueled Engines and Vehicles (1990) 

* may not add to 100% due to rounding 

Table 2: Estimated Statewide Diesel PM Emissions Inventory - 
Diesel-Fueled Equipment and Vehicles (2000) 

* may not add to 100% due to rounding 
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Table 3: Estimated Statewide Diesel PM Emissions Inventory - 
Diesel-Fueled ,Equipment and Vehicles (2010) 

Emergency/Standby 
MOBILE 

I 

12;300] -143i 0.6 

* may not add to -100% due to rounding 

Table 4: Estimated Statewide Diesel PM Emissions Inventory - 
DieseLFueled Equipment and Vehicles (2020) 

Cateoory 
STATIONARY 

1 Population Year) I Emissions 

Prime 4,440 350 ~ 1.9 
Emergency Stand-by 13,200 149 0.8 

MOBILE 
On-road 610,200 4,900/ 25.9 
Off-road (Excluding Potable Equipment) 527,800 12,8001 67.7 

_ Portable 55.200 6601 3.5 
~/TOTAL 

I I 
4.210;800~ 18,900l 100.0 * 

* may not add to 100% due to rounding 

The statewide population-weighted annual outdoor average diesel PM 
concentration was estimated at 3.0 pg/m3 in 1990. We are assuming that the ratio 
between the statewide population-weighted annual outdoor average diesel PM 
concentration and statewide emissions remains constant. 
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Applying the ratio (3.0 pg/m3/46,400 TPY) to the updated year 2000 statewide 
emissions of 28,000 TPY yields an updated statewide population-weighted annual 
outdoor average diesel PM concentration of 1.8 pg/m3. 

3.0 uq/m3 (1990) 
46,400TPY (1990) 

= x c1q/m3 (2000) - 
28,000 TPY (2000) 

The same ratio can be applied to the updated statewide concentration estimates 
for the years 2010 and 2020 to estimate the statewide population-weighted annual 
outdoor average diesel PM concentrations for those years. (See Table 4.) 

Table 4: Updated statewide population-weighted annual outdoor average 
diesel PM concentrations for 2000,2010, and 2020 

Year I 2000 I 2010 2020 H 
Emissions (TPY) 28,000 22,700 18,900 

Concentration (ug/m3) 1.8 1.5 1.2 

D. Cancer Risk Associated with the Updated Statewide’Population-Weighted 
Annual Outdoor Average Diesel PM Concentration 

The Office of Environmental Health Hazard Assessment (OEHHA) reviewed and 
evaluated the potential for diesel exhaust to affect human health, and the associated 
scientific uncertainties. They considered acute and chronic noncancer health impacts, 
and potential cancer health impacts. The Scientific Review Panel (SRP) approved the 
OEHHA’s health assessment at their April 22, 1998, meeting. 

Based on available scientific evidence, a level of diesel PM exposure below 
which no carcinogenic effects are anticipated has not been identified. This finding was 
also approved by the SRP at their April 22, 1998 meeting. 

The estlrated range of lung cancer risk (upper 95% confidence interval) based 
on human epldemlological data is 1.3 x 1 O-’ to 2.4 x I OS3 (pg/m3)-‘. After considering 
the results of human studies and detailed analysis of railroad workers, the SRP 
concluded tha! 3 x 1 C” ( pg/m3)-’ is a reasonable estimate of unit risk expressed in terms 
of diesel Phl 
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This reasonable estimate of 3 x IO4 (pg/m3)-’ means that a person exposed to a 
concentration of 1 pg/m30f diesel PM has a 3 per 10,000 chance of contracting cancer 
in their lifetime. Three per 10,000 chances is the same as a 300 per million chances. 

For Californians exposed to an annual outdoor average diesel PM concentration 
of 1.8 pg/m3, the risk of contracting cancer from exposure to diesel PM is 540 chances 
per million during a lifetime. (See Table 5.) 

Table 5: 
Updated Statewide Outdoor Diesel PM Concentrations and Cancer Risk 

Statewide Diesel PM 

2000 / 28,008 I 1.8 I 540 

22,700 

2020 1 ‘18,900 I 1.2 360 

E. Indoor and Total Air Exposure 

The ID Report provided estimates of indoor and total exposure to diesel PM. 
ARB staff used estimates of population-weighted annual outdoor average diesel PM 
concentrations for 1990 in the California Population Indoor Exposure Mode! (CPIEM). 
The resulting indoor exposure estimate was approximately two-thirds of the population- 
weighted annual outdoor average diesel PM concentration. In the ID Report, the 1990 
ratio was then’applied to the estimated population-weighted annual outdoor average 
diesel PM concentrations for 1995, 2000, 2010 and 2020. In this report, we applied the 
same indoor/outdoor ratio to the updated statewide diesel PM concentrations. (See 
Table 6.) 

VI - 6 



215 DRAFT - DO NOT CITE OR QUOTE 

Table 6: 
Estimated Exposure of Californians to Diesel PM for 2000,2010, and 2020 

Estimated 
Average Air 
Exposure 
Concentration 
- 1990 pglm3 

Outdoor 
Ambient 3.0 
Estimate 
Total indoor 
Exposure 2.0 
Estimate 
Total 
Exposure 2.1 

2000 2010 2020 

Cont. Risk Cont. Risk Cont. Risk 

1.8 540 1.5 450 1.2 360 
H 

2.0/3.0 1.2 / 360 1 1.0 / 300 1 0.80 j 240 1 

2.1i3.0 1.3 1 390 1 1.1 315 1 0.84 1 252 
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I. INTRODUCTION 

The purpose of the risk characterization scenarios is to estimate, through air 
dispersion modeling, the 70-year cancer risk associated with typical diesel-fueled 
engine or vehicle activities. The risk assessment methodologies followed by ARB staff 
in preparing the risk characterization scenarios are consistent with the California Air 
Pollution Control officers Association (CAPCOA) “Hot Spots” Program Revised 
1992 Risk Assessment Guidelines, October 1993. 

Figure I: Potential Cancer Risk Range of Activities 
Using Diesel-Fueled Engines 

: The ranges within each activity result from 
variations of operating times and durations, 

: Idling School Buses stack parameters, facility sizes, numbers an 
sizes of equipment, and meteorological 
conditions. The estimated 70-year cancer 
risks occur at the point of maximum off-site 

1 impact (PM]). PMI is the off-site location 
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The estimated risks presented in Figure 1, and the assumptions used to 
determine these risks, are not based on a specific source of diesel PM. Instead, 
general assumptions bracketing a fairly broad range of possible operating scenarios 
were used. The estimated risks are based on the diesel PM concentration at the point 
of maximum impact as determined using air dispersion modeling. The estimated risk’ 
ranges are used to provide a “qualitative” assessment of potential risk levels near 
sources of diesel PM. These estimates are based on the risk assessment methodology 
and assumptions identified below. Actual risk tevels from these types of sources at any 
individual site will vary due to site specific parameters, including equipment 
technologies and emission rates, fuel properties, operating schedules, meteorology, and 
the actual location of off-site receptors. 

We have chosen seven different operations or activities based on their 
prevalence throughout California, and their potential to increase Californians’ exposure 
to diesel particulate matter (PM). These include idling school buses, truck stops, low. 
volume freeways, high volume freeways, emergency/standby engines, prime engines, 
and distribution centers. Figure 1 shows the range of 70-year cancer risks associated 
with each of the seven scenarios. We chose the off-site point of maximum impact (PMI) 
as the location where our estimated 70-year potential cancer risks occur. PMI can be 
characterized as the off-site location closest to the emissions source that shows the 
highest modeled concentration of diesel PM. 

Meteorological data are a site-specific parameter that is input to the air 
dispersion model to calculate concentrations and subsequent risk. It is important to 
indicate its variability in our analysis. For this initial effort, meteorological variability is 
addressed by performing the air dispersion modeling analysis with data from Anaheim 
and Concord. We recognize that there are over one hundred possible sources for 
meteorological data in California and more work may need to be performed to more 
completely determine the meteorological variability throughout California. However, we 
do not expect further refinements to significantly change our conclusions. 

The modeling results of the completed scenarios are characterized as estimates 
of potential excess cancer risks in chances per million per microgram of diesel PM in a 
cubic meter of air over a 70-year lifetime. The estimated 70-year potential cancer risks 
in Figure 1 are based on the modeled diesel PM concentrations at the point of 
maximum impact (PMI). Potential cancer risk is calculated by multiplying the annual 
average concentration from inhalation exposure by the Unit Risk Factor (URF) for diesel 
PM (i.e., 300 x 10s6 (pg/m3)-‘). We expect the potential cancer risks for the majority of 
these activities in California to fall within the ranges illustrated in Figure 1. 

II. RISK CHARACTERIZATION SCENARIOS 

Ih all but the freeway scenario, we used the Industrial Source Complex 
Short-Term (ISCST3) air dispersion model. In the freeway scenario, the California Line 
Source Dispersion (CALINE4) Model was used. The range of estimated 70-year cancer 

VII -2 



220 DRAFT - DO NOT CITE OR QUOTE 

risks depicted in Figure 1 are considered to occur at the point of maximum offsite 
impact. PMI is the off-site location closest to the, emission source that shows the 
highest modeled concentration of diesel PM. The PMI can be located as close as 
20 meters from the emission point. 

A. Idling School Buses 

In this scenario, we evaluated diesel PM emissions resulting from the loading 
and unloading of school children in the designated loading zone. We modeled idling 
and running diesel PM emissions (both entering and’ leaving the loading zone) that only 
occurred in the designated loading zone. -We assumed the buses were moving for- 
27 seconds per event, and we varied the idling times in each modeling run from 
two minutes to 15 minutes per bus. We assumed five, 76 passenger school.buses 
(pre-1994 model years) delivered and picked-up students in a designated area at the 
school twice a day (i.e., between 8:00 a.m. - 9:00 a.m. and 2:00 p.m. - 3:00 p.m.). 
Five buses idling for two minutes per event represent the lower end of the risk range, 
and 20 buses idling for 15 minutes per event represent the upper end of the risk range. 
For more details, see Table I. 

B. Truck Stop 

In this scenario, we evaluated the diesel PM emissions associated with a 
five-acre truck stop. We assumed an average of 5 diesel-fueled trucks per hour used 
this facility, 24 hours per day, 365 days per year. We assumed IO percent of all the 
trucks have transport refrigeration units (TRUs) that cycle-on 10 percent of the time, 
while on-site. Cycling means the diesel engine of a TRU is running to achieve or 
maintain the temperature setting of the TRU. The temperature setting, and the 
allowable temperature range, is dependent on the product being transported. We 
increased the number of trucks and the size of the truck stop to 25 per hour in the 
25acre truck stop. The five-acre truck stop represents the lower end of the risk range, 
and the 25acre truck stop represents the upper end of the risk range. Area one, the 
parking lot, is 30 percent of the entire surface area of the truck stop. Area two is the 
area around the diesel fuel pumps. The emissions generated in area two resulted from 
the refueling of trucks, and from the cycling of TRUs. For more details, see Table 2. 

C. Low Volume Freeway 

In this scenario, we evaluated diesel PM emissions resulting from heavy 
heavy-duty (HHD) diesel-fueled truck activity on a four-kilometer segment of freeway. A 
brief analysis of the composition of diesel-fueled vehicles on a freeway segment 
demonstrated that HHD diesel-fueled trucks predominated. The freeway has three 
lanes in each direction. Receptors were placed perpendicular to the freeway segment, 
and may be as close as 20 meters from the edge of the freeway. Sound walls and other 
obstructions were not considered in the evaluation. We modeled a truck traffic flow of 
2,000 trucks per day. 
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Except for meteorological data, all inputs in our air dispersion modeling runs 
were the same (See Table 3). The low and high ends of the cancer risk range were 
generated as a result of the variability in Concord and Anaheim meteorological data. 
Concord meteorological data gave us the low end of the risk range, while Anaheim 
meteorological data gave us the high end of our risk range. For more details, see 
Table 3. 

D. High Volume Freeway 

This scenario is a similar approach to the low volume freeway scenario except a 
HHD diesel-fueled truck traffic flow of 20,000 trucks per day. The low and high ends of 
the cancer risk range were a!so generated as a result of the variability in Concord and 
Anaheim meteorological data, respectively. For more details, see Table 4. 

E. Emergency/Standby Diesel Engines 

In this scenario, we evaluated diesel PM emissions resulting from intermittent 
maintenance operations of emergency or standby diesel-fueled engines. We chose a 
306 hp engine and a 1 ,I 09 HP engine, due to availability of PM emissions data at 
various loads. Based on data from operators of emergency standby engines, the 
engines were assumed to operate 12 to 100 hours per year from IO to 100 percent 
load. A IS0 8178 composite diesel PM emission factor of 0.1 grams per brake 
horsepower-hour (g/bhp-hr) was used to represent the newest engines available, while 
a IS0 8178 composite diesel PM emission factor of 1 .O grams per brake 
horsepower-hour was used to represent the oldest existing engines. 

To generate the low end of the cancer risk range, we used a 1,109 HP engine 
operating at 100% load for 12 hours per year with an emission factor of 
0.0757 g/bhp-hr. Data provided by industry show engines operating at 100 percent load 
emit a slightly lower amount of diesel PM emissions on a g/bhp-hr basis. The ARB staff 
adjusted the IS0 8178 compos,ite emission factor to account for this decrease in 
emissions. The high load and increased horsepower of the larger engine increase 
dispersion because of the higher exhaust temperature and flowrate, thereby decreasing 
the maximum risk of cancer. The lesser amount of time for the release also contributes 
to decreasing the maximum risk of cancer. We assumed the diesel PM emissions were 
released at the time of day with the best dispersion conditions (6:00 a.m.) using 
Concord meteorological data. 

The high end of the cancer risk range was determined using a 306 HP engine 
operating at IO percent load for 100 hours per year with an emission factor of 
2.78173 g/bhp-hr. Data provided by industry show engines operating at IO percent load 
emit a significantly larger amount of diesel PM emissions on a g/bhp-hr basis. The ARB 
staff adjusted the IS0 8178 composite emission factor to account for this increase in 
emissions. The low load and decreased horsepower of the smaller engine decrease 
dispersion because of the lower exhaust temperature and flowrate, thereby increasing 
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the maximum risk of cancer. The greater amount of time for the release also 
contributes to increasing the maximum risk of cancer. 

In addition to increased diesel PM emissions, the diesel PM emissions were 
modeled as if released during the time of the day with the worst dispersion 
conditions (3:OO p.m.) using Anaheim meteorological data. For more details, see 
Table 5. 

F. Prime Engines 

In this scenario, we evaluated diesel PM emissions from prime engines. Prime 
engines are used in a variety of applications, e.g., compressors, cranes, generators, 
pumps (including agricultural pumps), grinders, or screening units. Engines used in 
agricultural irrigation operations represent about two-thirds of the engines in prime 
applications. The size and operation of prime engines are highly variable; depending on 
the specific operation. Data provided by local air districts showed that high use engines 
have a wide range of horsepower ratings. We chose a 420 HP engine and a 1490 HP 
engine to generate, respectively, the high and low ends of the cancer risk range. We 
chose these engines due to availability of engine operating parameters at various loads. 

To generate the lower end of the potential cancer risk range at the point of 
maximum impact, we used a 1,490 HP erigine operating at 100% load for 100 hours 
per year with an emission factor of 0.1 g/bhp-hr. The high load and increased 
horsepower of the larger engine increase dispersion because of the higher exhaust 
temperature, thereby decreasing the maximum risk of cancer. The lesser amount of 
time for the release also contributes to decreasing the maximum risk of cancer. We 
assumed the diesel PM emissions were released at the time of day with the best 
dispersion conditions (6:OO a.m.) using Concord meteorological data. 

To generate the higher end of the potential cancer risk range at the point of 
maximum impact, we used a 420 HP engine operating at 80 percent load for 
2,080 hours per year with an emission factor of 1 .O g/bhp-hr. The lower load and 
decreased horsepower of the smaller engine decrease dispersion because of the lower 
exhaust temperature, thereby increasing the maximum risk of cancer. Decreasing the 
load to IO percent was not practical for simulating an engine working, for a lengthy 
amount of time. The greater amount of time for the release also contributes to 
increasing the maximum risk of cancer. We modeled the diesel PM emission as if they 
were released during the time of the day with the worst dispersion conditions 
(12:OO p.m. to 500 p.m.) using Anaheim meteorological data. For more details, see 
Table 6. The stack diameters for the low and high end risk ranges were taken from the 
table found in U.S. EPA guidance listed in 40 CFR PART 86.884-8 (c)(4). 

G. Distribution Center 

In this scenario, we evaluated diesel PM emissions associated with the shipping 
and receiving of goods at a distribution center. We modeled two facilities to create a 
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range of risks. The following operating parameters occurred at both facilities: We 
assumed that the HHD diesel-fueled trucks idled for one minute at the refueling station 
(area I), and the trucks idled for five minutes in the shipping or receiving areas 
(areas 2, 3, and 4). Area 5 is the facility, and the emissions rate specified in Table 7 
represents traveling over this route. We also assumed the TRU’s-diesel-fueled engines 
run for 60 minutes to reach the desired temperature for the product being shipped. 

To generate the low end of the cancer risk range, we modeled the diesel-emitting 
activities associated with the shipping and receiving of goods from 200 HHD 
diesel-fueled trucks. We assumed this distribution center did not use TRU’s. We also 
assumed only 100 of the trucks refueled on-site every day. 

To generate the high end of the cancer risk range, we modeled the 
diesel-emitting activities associated with the shipping and receiving of goods from 
700 HHD diesel-fueled trucks (400 of the trucks have TRUs). We assumed all of the 
trucks refueled on-site every day. In addition to the,time needed for a TRU to reach the 
desired temperature, we assumed the TRUs cycled 25 percent of the time for two hours 
(Le., 15 minutes every hour for two hours). All diesel-emitting activities mentioned 
above occur over a 24-hour period. The distribution center operates 24 hours per day, 
365 days per year. For more details, see Table 7. 

III. CONCLUSIONS, 

While our risk characterization scenarios are hypothetical by design, we believe 
they represent the range of potential cancer risks that could occur at such an activity in 
California. Keep in mind that the potential ranges of risks characterized in the scenarios 
occur at the PMI, which is the off-site location closest to the emission source that shows 
the highest modeled concentration. We assumed In all the scenarios that a residence is 
located at the PMI, and the PMI can be located as close as 20 meters from the emission 
source. We conclude from the results of our analyses that all categories of 
diesel-fueled engines or vehicles may need to further reduce their emissions of diesel 
PM to adequately protect the health of all Californians. 

However, many factors greatly influence the determination of whether a diesel 
PM emitting activity or operation poses a significant health risk, such as the size of an 
operation, the frequency of the activity; the age of the vehicles or engines, and the 
location of the sensitive receptors in relation to the diesel PM emitting sources. Other 
critical factors are the air dispersion model used to characterize the risk, emission 
factors, meteorological data, and modeling configuration such as area source, point 
source, and volume source. Because of these uncertainties, it must be recognized that 
the most accurate estimate of potential cancer risk of any diesel PM operation or activity 
should be based on site-specific information and meteorology. 
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B. Activity Low Risk High Risk 

Idling Time Per School Bus. 

Traveling Distance Per School 
Bus. 

2 minutes, twice a day, 
180 days per year 

60 meters 

15 minutes, twice a day, 
180 days per year 

60 meters 

ISCST3 Input Parameters 
Low Risk High Risk 

Idle Moving idle Moving 

Source Type 
Point Area Source 

Source 60 m x 6.6 m 

Emission Rate 0.0007 g/s 
1.175 x lo-> 

a/s-m’ 
Hourly Scalar Factor 
Model Option 

0.01644 ( 0.003678 
Rural 

I Time Emissions Are Being 
Emitted I 

8 a.m. & 2 p.m. 

Flagpole l-leig ht 

Release Height 

1.2 meters 

0.6 meters 

I ckn I NA 1 

Staff assumed the cancer 
risk would be linear, with 
20 buses in intervals of 
5 buses with each bus 
idling 15 minutes. 
Therefore, staff multiplied 
the low end of the risk 
range by 4 to account for 
20 buses, and then 
multiplied by 7.5 to 
account for 15 minutes of 
idling time. 

United States Environmental Protection Agency, Air and Radiation, Ofice of Mobile 
Sources, Emission Facts, April 1998, “Idling Vehicle Emissions” EPA420-F98-014. 
California Air Resources Board, “Methodology For Estimating Emissions From On-Road 
Motor Vehicles” Volume II: EMFAC 7G, November 1996. 
0.01644 prorates from l-hour to 2 minutes and 365 days to 180 days. 
0.003678 assumes the buses travel the 60 meters at 5 miles/hour and prorates 365 days 
to 180 days 
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Table 2: Truck Stop Scenario 

Equipment Parameter Low Risk High Risk 

Truck Throughput 5 trucks/hour @-acre) 25 trucks/hour (25acre) 

11 idling Emission Factor Per Trucka 1 2.57 g/hour 

Running Emission Facto? 

50 HP TRU Emission FactorC 

50 HP TRU Load FactorC 

0.67 g/mile 

0.76 g/bhp-hr 

0.28 

TRU Emission Rate (35 HP) 
Activity 

Area 1 Area 2 
Idling 
time IO 

N/A 

0.0021 gkec 
Low Risk High Risk 

Area 1 Area 2 Area 1 Area 2 

6 mins/hr N/A 6 mins/hr N/A 

Travel percent 
distance of all 90 percent of 0.248 mi 0.124 mi 0.622 mi 0.311 mi 

TRU trucks all trucks 
cycling 6 mins/hr 1 min/hr 6 mins/hr 1 min/hr 

24 hours/day, 365 days/year 

I lSCST3 Input Parameters 
Low Risk High Risk 

Area 1 1 Area 2 Area 1 1 Area 2 

11 Source Type Area Source Area Source _ . 

Area Source Dimensions 
(meters) 

Emission Rate (g/s/m2) 

39.6 x 132 92.4 x 132 92.4 x 308 215.6 x 308 

2.54E-8 7.74E-8 5.39E-8 7.37E-8 

1 Model Option 
Time Emissions Are Being 
Emitted 

24 hours/day 24 hours/day 

Flagpole Height 1.5 meters 1.5 meters 

a. 

b. 

c. 

Unrtec S.:3:n5 Environmental Protection Agency, Air and Radiation, Office of Mobile 
Sources E-. ss.u?n Facts, April 1998, “Idling Vehicle Emissions” EPA420-F98-014. 
Calrfom~s A r Resources Board, “Methodology For Estimating Emissions From On-Road 
Motor Vek:zres” Volume II: EMFAC 7G, November 1996. 
Califor-ia 4.~ ;iesources Board, “California’s Emissions Inventory of Off-Road Large 
Compress:zn-lcnlted Engines (2 25 hp) Using the New OFFROAD Emissions Model,” 
January 23: d 
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Table 3: Low Volume Freeway Scenario 
Equipment Parameter Low Risk High Risk 

Freeway Throughput 2,000 trucks per day (low volume freeway) 
Running Emission Facto? 0.67 g/mile 

Activity Low Risk High Risk 
Peak Hours 8am - 3pm 

Diurnal Variation 
Off-Peak Hours IOpm - 3am 

Off-Peak Throughput Approximately IO percent of 
Peak Throughput 

Daily, 365 days per year 

Freeway segment analyzed . 
4 kilometers segment length, 3 lanes in each 

direction 

CALINE-4 Additional 
Parameters 

Line Source 

Flagpole Height 

Low Risk High Risk 

4,000 meters length by four links spaced 3.66 meters 
apart with center median. (0.0, 0.3, 0.7 of flow in lanes 
number one, two, and three, respectively) 

1.5 m 

TZO 

vleteorological Data 
3losest Receptor Location 

Links normally 9.66 m wide are assigned widths of 
11.7 m to account for initial dispersion of a truck 
compared to an automobile. 

Concord Anaheim 
20 m from edge of freeway 

a. California Air Resources Board, “Methodology For Estimating Emissions From On-Road 
Motor Vehicles” Volume II: EMFAC 7G, November 1996. 
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Table 4: High Volume Freeway Scenario 

Running Emission Facto? 

Equipment Parameter 
Freeway Throughput 

Low Risk 

0.67 g/mile 

High Risk 
20,000 trucks per day (high volume freeway) 

Activity 

Diurnal Variation 

Low Risk High Risk 
Peak Hours 8 a.m. - 3 p.m; 

Off-Peak Hours 10 p.m. - 3 a.m. 
Off-Peak Throughput Approximately IO percent of 

Peak Throughput 
Daily, 365 days per year 

Freeway segment analyzed . 
4 kilometers segment length, 3 lanes in each 

direction 

Line Source 

dispersion of a truck 

a. California Air Resources Board, “Methodology For Estimating Emissions From 
On-Road Motor Vehicles” Volume II: EMFAC 7G, November 1996. 
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Emission Fact 
I 

Emission Factor ( 0.075713 g/bhp-hr 2.78173 g/bhp-hr 

Load 100 percent IO percent 

Emission Rate 

Stack Temperature 

0.02332 gkec 

767 K 

0.031217 g/set 

536 K 

Stack Height / 

Stack Diameter 1 

3m 3m 

0.254 m 0.127 m 
I I 

Stack Exit Velocity / 59.8 m/set 19.5 m/set I 

Note: Engine operating parameters based on engine specification sheets provided by 
engine manufacturers. 

l- High Risk Activity Low Risk 

Emergency Standby 
’ A 1,109 HP engine running A 306 HP engine running 0.274 

Diesel Engine 
0.0329 hours/day x 365 hours/day x 365 days/year = 

! days/year = 12 hours/wear 100 hours&ear 
P 

ISCST3 Input 1 
Parameters I 

Low Risk High Risk 

Source Type I Point Source Point Source 

\ MET Data Concord Anaheim 

Model Option 
Time Emissions 
Emitted 

Urban 

6 a.m. 

Urban 

3 p.m. 

1.5 m 

Same as stack height 

20 m 

1.5 m 

Same as stack height 

20 m 
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Table 6: Prime Engine Scenario 

Emission Factor 0.1 g/bhp-hr* 1 .O g/bhp-hr** 

1 Load 100 percent 80 percent II 

11 Emission Rate 0.04139 gkec 0.0933 gkec 

II Stack Temperature 1 

1 Stack Height 

Stack Diameter 
, 

0.330 m 0.127 m I 
Stack Exit Velocity 45.4 m/set 90.8 m/set 
* Current on-road heavy-duty certification standard. 
l * United States Environmental Protection Agency, Air and Radiation, Office of Air Quality Planning & 
Standards, Emission Facts, April 1998, “Compilation of Air Pollutant Emission Factors AP42, Fifth Edition, 
Volume I: Stationary Point and Area Sources, Chapter 3, Section 3.3 Gasoline and Diesel Industrial Engines” 
EPA68-D2-0160. 
Note: Engine operating parameters’based on engine specification sheets provided by engine manufacturers. 

Activity Low Risk High Risk 

A 1,490 HP engine running A 420 HP engine running 0.95 of 6 
Prime Diesel Engine 0.274 hour/day x 365 hours/day x 365 days/year = 2,080 

days/year = 100 hours/year. hours/year. 

ISCST3 Input 
Parameters 

High Risk 

1 Source Type 

1 MET Data 

/ Model Option 

Point Source Point Source 

Concord Anaheim 

Urban 

Time Emissions 
Emitted 

6 a.m. Noon - 5 p.m. 

1 Flagpole Height 

1 Release Height 

1.5 m 1.5 m 

Same as stack height Same as stack height 
, 4 

Closest Receptor. . 
Location 

20 m 20 m 
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Table 7: Distribution Center Scenario - 

Equipment Parameter Low Risk High Risk 
Trucks and transportation 
refrigeration units (TRUs) 200 trucks no TRUs 700 trucks and 400 TRUs 

Idling Emission Factor Per Trucka 2.57 g/hour 

Running Emission Facto? 0.67 g/mile 

50 HP TRU Emission FactorC 0.76 g/bhp-hr 

50 HP TRU Load FactorC 0.28 

TRU Emission Rate (34.8 HP) 0.0021 gkec 

Low Risk 
High Risk 

Activity 
Number of 

Number Of TruckdTR 
Low Risk 

High Risk 
Trucks 

us 
Trucks, .idling time per 
truck 

200 700 -l min/day 

Traveling distance for 
Area ’ trucks 

N/A N/A N/A N/A 

TRUs, cooling and 
cycling time 

N/A 400 N/A N/A 

Trucks, idling time per 
truck 

75 250 5 minsjtruck 

Area 2 Traveling distance per 
& truck 

N/A N/A 

Area 3 
TRUs, cooling and 

60 mins, 6 60 mins, 

cycling time per TRU 
N/A 150,150 mins/hr for 15 mins/hr 

2 hrs for 2 hrs 
Trucks, idling time per 5 mins/truck 

TRUs, cooling and 
cycling time per TRU 

24 hours/day, 365 days/year 
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Table 7: Distribution Center Scenario (Cont.) 

Emission Rate (g/s/m’) 

Idling 
trucks 9.92x1 O4 3.72x1 0.’ 4.96x1O-8 N/A 1.74x1 O-’ 9.92x1O-8 1.42x1 O-’ N/A 

TRUs 
Cooling N/A N/A N/A N/A N/A 2.06x1 O-‘j 2.45~10-~ N/A 

TRUs 
Cycling N/A N/A N/A N/A N/A 1.03x1 O-6 1.22x1 O-6 N/A 

Total 9.92x1 O-” 3.72x1 0-” 4.96x1 0-” N/A 1174x1 O-’ 3.18x1 0-O 3.82x1 0-O N/A 
Traveling 

only N/A N/A N/A 8.12x10-’ N/A N/A N/A 2.73x1 O-8 

Model 
Option Urban Urban 

Time 
Emissions 
Are Being 24 hours/day 24 hours/day 

Emitted 
Flagpole 
Height 1.5 

Release 
Height 4.15 

h 

90 

MET Data 

Closest 

1.93 

Anaheim 

20 m from fence line 20 m from fence line 

b. 

C. 

Sources, Emission Facts, April 1998, “Idling Vehicle Emissions” EPA420-F98-014. 
California Air Resources Board, “Methodology For Estimating Emissions From On-Road 
Motor Vehicles” Volume II: EMFAC 7G, November 1996. 
California Air Resources Board, “California’s Emissions Inventory of Off-Road Large 
Compression-Ignited Engines (2 25 hp) Using the New OFFROAD Emissions Model,” 
January 2000 
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Health and Safety Code 
Division 26. Air Resources 

Part 2. State Air Resourcbs Board 
Chapter 3.5. Toxic Air Contaminants 

Article 4. Control of Toxic Air Contaminants 

H&S 39665 Report on Need for Regulation 

39665. (a) Following adoption of the determinations pursuant to Section 39662, the 
executive officer of the state board shall, with the participation of the districts, and in 
consultation with affected sources and the interested public, prepare a report on the 
need and appropriate degree of regulation for each substance which the state board 
has determined to be a toxic air contaminant. 
(b) The report shall address all of the following issues, to the extent data can 
reasonably be made available: 
(I) The rate and extent of present and anticipated future emissions, the estimated 
levels of human exposure, and the risks associated with those levels. 
(2) The stability, persistence, transformation products, dispersion potential, and other 
physical and chemical characteristics of the substance when present in the ambient air. 
(3) The categories, numbers, and relative contribution of present or anticipated sources 
of the substance, including mobile, industrial, agricultural, and natural sources. 
(4) The availability and technological feasibility of airborne toxic control measures to 
reduce or eliminate emissions, the anticipated effect of airborne toxic control measures 
on levels of exposure, and the degree to which, proposed airborne toxic control 
measures are compatible with, or applicable to, recent technological improvements or 
other actions which emitting sources have implemented or taken in the recent past to 
reduce emissions. 
(5) The approximate cost of each airborne toxic control measure, the magnitude of risks 
posed by the substances as reflected by the amount of emissions from the source or 
category of sources, and the reduction in risk which can be attributed to each airborne 
toxic control measure. 
(6) The availability, suitability, and relative efficacy of substitute compounds of a less 
hazardous nature. 
(7) The potential adverse health, safety, or environmental impacts that may occur as a 
result of implementation of an airborne toxic control measure. 
(8) The basis for the finding required by paragraph (3) of subdivision (b) of 
Section 39658, if applicable. 
(c) The staff report, and relevant comments received during consultation with the 
districts, affected sources, and the public, shall be made available for public review and 
comment at least 45 days prior to the public hearing required by Section 39666. 
(Amended by Stats. 1992, Ch. I 161, Sec. 7.) 

References at the time of publication (see page iii): 
Regulations: 17, CCR, section 93108 
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INTRODUCTION 

In preparation for the development of the Diesel RRP, ARB staff reviewed many 
products and technologies that were reported to reduce particulate emissions from 
diesel-fueled engines. The reviews consisted of two phases. In the first phase, ARB 
staff contacted manufacturers and collected basic information on the various diesel PM 
control technologies. Using this information, staff prepared short summaries of 
products that were reported to reduce diesel PM emissions. These “product - 
summaries” are primarily based on information submitted by the control technology 
manufacturers, and they are intended to provide brief introductions of the various 
technologies. They are not intended to serve as comprehensive evaluations of the 
technologies. The product summaries are presented in Part A. 

In the second phase of the technology review, staff worked with the Stationary 
Source Subcommittee to develop criteria for the evaluation of the various diesel PM 
control products. Specific criteria include commercial availability, emission reduction 
efficiency, costs, adverse impacts and other relevant factors. The evaluation criteria 
was then incorporated into a series of tables that have been completed for each of the 
diesel PM control products. Where multiple manufacturers provided information for 
similar technologies, a consolidated evaluation was prepared. 

Because emission test information was deemed essential for a thorough 
evaluation, no evaluation was performed where the manufacturer did not provide 
adequate emission test data. Consequently, a number of the potentially viable 
technologies did not progress from the introductory first phase to the technical 
evaluations of the second phase. We are, however, continuing to collect and review 
information on these and other emerging diesel PM control technologies. The detailed 
technical evaluations are presented in Part B. 

Staff will continue to update the ARB’s Diesel RRP website 
(http://www.arb.ca.gov/toxics/diesel/diesel. htm) with new product ,summaries and 
detailed control technology evaluations as new information becomes available. 

Note: Mention of specific products or trade names does not cotkey, and should not be 
interpreted as conveying, official ARB approval, endorsement, or recommendation. 
Unless otherwise noted, the ARB has not tested or evaluated any of the products to 
verify the claims of the manufacturer. 
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SUMMARY OF PRODUCTS THAT ARE REPORTED TO REDUCE 
PARTICULATE EMISSIONS FROM DIESEL-FUELED ENGINES 

Alternative Fuels 

1. Biodiesel, varjous manufacturers 
2. Fumigation Natural Gas/Diesel B&Fuel Retrofit Kit, 

Innovative Technologies Group 

3 
4 

Enqine Desiqn and Modifications 

1. Cam Shaft Cylinder Reengineering Kit, Clean Cam 
Technology Systems 

2. Diesel Emission Control System, Clean Air Technology 
3. ECOTIP Superstack Fuel Injectors, Interstate Diesel 
4. IET 2000 Series Emission/Fuel Reduction System, 

International Engine Technologies, Ltd. 

Fuel Borne Catalysts 

1. COMTEC Emission Control Device, COMTEC Combustion 
Technologies, Inc 

2. Platinum Plus@ DFX diesel fuel combustion catalyst, 

9 

10 
Clean Diesel Technologies, Inc. 

Other Exhaust Treatment Technoloqies 

1. NOxTECH Emission Control System, NOxTECH, Inc. 11 
2. SlNOx (Selective Catalytic Reduction type system) System, 12 

Siemens Westinghouse Power Corporation 

Oxidation/Oxidation Catalysts 

1. CEM Catalytic Exhaust Muffler, Johnson Matthey 
2. CleanDIESEL Converters, Clean Air Systems 
3. DCC Diesel Catalytic Converter, Johnson Matthey 
4. Dieselytic SX Exhaust‘Gas Purifier, Catalytic Exhaust 

Products Limited 

13 
q4 
15 
15. 

5. Flameless Thermal Oxidizer, Thennatrix, Inc. 16 
.6. Nett D-series Diesel Purifier, Nett Technologies 17 
7. Nett Standard Diesel Purifier, Nett Technologies 18 
8. PTX Oxidation Catalyst, Engelhard Corporation 19 

2 

- Page 
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Particulate Filters 

1. 3M Diesel Particulate Filter Cartridges, Minnesota 
Mining and Manufacturing (3M) 

2. CleanDIESEL Soot Filter, Clean Air Systems 
3. Combifilter, Engine Control Systems 
4. CRT Particulate Filter, Johnson Matthey 
5. DPX Particulate Filter, Engelhard Corporation 
6. QuadCat Four-Way Catalytic Converter, Ceryx, inc. 
7. “Trap-Muffler” System, Doubletree Technologies, Inc. 
8. Nett SF Soot Filter, Nett Technologies, Inc. 

18 

19 
20 
20 
21 
22 
23 
24 

PRODUCT SUMMARIES 

Alternative Fuels 

Product Name: Biodiesel 
Manufacturers: NOPEC, Proctor and Gamble, Ag Environmental Products, Griffin 

Industries, West Central Soya, Columbus Food, and Pacific 
Biodiesel 

Category: Alternative Fuel / Fuel Additive 

Desciiption: 

The product is a liquid fuel for stationary, portable, and mobile compression ignition 
engines that is manufactured from various feedstocks, including soy and waste 
restaurant grease (yellow grease). The product can be used in pure form, or it can be 
mixed with standard diesel fuel. One common mixture, referred to as B20, includes 20 
percent Biodiesel and 80 percent standard diesel. The product reduces the 
carbonaceous fraction of diesel particulate matter (PM) through improved in-cylinder 
combustion which can be attributed primarily to Biodiesel’s high oxygen content (11 
percent 02 by weight). According to the National Renewable Energy Laboratory 
(NREL), pure Biodiesel reduces PM emissions by an average of 55 percent, and B20 
reduces PM emissions by an average of 18 percent. The product has also been tested 
in combination with original engine manufacturer (OEM) diesel oxidation catalysts. 

The results of one series of federal test procedure (FTP) transient emission tests show 
that pure Biodiesel reduced total PM emissions by 28 percent to 49 percent, and that 
B20 reduced PM emissions by 4 percent to 15 percent. When tested with an OEM 
diesel oxidation catalyst over the FTP test cycle, pure Biodiesel reduced PM emissions 
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by 48 percent to 60 percent, and 620 reduced PM emissions by 10 percent to 21 
percent. However, the use of Biodiesel may increase oxide of nitrogen (NOx) 
emissions by up to 4 percent when using 820 and by up to 14 percent when using pure 
Biodiesel, although this effect varies depending on the feedstock. -The NREL, the U.S. 
Department of Agriculture and the National Biodiesel Board are currently researching 
Biodiesel formulations which will minimize or eliminate these increases in NOx 
emissions. 

The product is commercially available and has been tested in more than 50 urban bus 
fleets in the United States over the past six years. 820 can be used without changes to 
existing diesel engines or the fuel distribution infrastructure. However, the use of pure 
Biodiesel may require changing some engine seals and fuel lines in older engines. The 
cost of Biodiesel depends on the‘feedstock. In California where yellow grease is the 
principal feedstock, the cost of pure Biodiesel is currently between $2.00 to $3.00 per 
gallon (pre-tax), although costs continue to decline. According to the NREL, a B20 
Biodiesel/California Air Resources Board (ARB) diesel blend could be produced for an 
additional $ 0.25 to $ 0.45 per gallon above the cost of ARB diesel. Because the heat 
content of pure Biodiesel is only 120,000 Btu/gal, fuel economy may degrade slightly 
(although test data. show that the decrease in fuel economy is less than 4 percent for 
B20 blends). Biodiesel generally contains no sulfur or aromatics, and it can be blended 
with California’s existing ‘diesel fuel formulations. A Biodiesel blend must meet the 
American Society for Testing and Materials (ASTM) and ARB diesel specifications 
when used in motor vehicles- 

Product Name: Fumigation Natural Gas/Diesel Bj-Fuel Retrofit Kit 
Manufacturers: Innovative Technologies Group 
Category: Alternative Fuel 

Description: 

The product reduces diesel PM, hydrocarbon (HC), carbon monoxide (CC), and NOx 
emissions from stationary, portable, and mobile diesel-fueled engines. Specifically, the 
product includes the components necessary to convert a diesel-fueled engine to run on 
a mixture of diesel and a variety of gaseous fuels, such as pipeline quality natural gas, 
liquefied natural gas, compressed natural gas, digester gas, etc.. . The supplemental 
gaseous fuel is introduced into the engine’s charge air system via a fumigation process. 
According to the manufacturer, there is no loss of power, diesel fuel consumption can 
be reduced by 50 percent to 80 percent, and NOx emissions can be reduced by 20 
percent to 60 percent. The results of one transient emission test show that, over the 
cold start CVS Federal Test Procedure, the product reduced diesel PM emissions by 28 
percent, NOx emissions by 38 percent, HC emissions by 38 percent, and CO emissions 
by 6 percent. 
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ARB’s Mobile Source Operations Division (MSOD) evaluated the product in response to 
an application for certification of an alternative fuel delivery system under Health and 
Safety Code 43004 and 43006. MSOD staff concluded that use of the product “will not 
adversely affect exhaust’emissions.. .‘I 

The product is commercially available, can be applied to new engines, and it can be 
retrofitted to existing engines. The product has been installed on more than 200 
diesel-fueled engines, including stationary generators, trucks, busses and locomotives. 
The manufacturer states that the product life is consistent with.that of other engine 
components, The initial product cost, which varies with engine size, is approximately 
$35/kW for engines larger than 500 kW. This cost includes both hardware and 
installation. The manufacturer provides a one-year warranty which includes full 
replacement of the engine if damage is caused by the bi-fuel process. The product can 
be used with the existing California diesel fuel formulations. 

Engine Design and Modifications 

Product Name: Cam Shaft Cylinder Reengineering Kit 
Manufacturer: Clean Cam Technology Systems 
Category: Engine Design 

Description: 

The product reduces diesel PM and NOx emissions from eleven models of two-stroke 
diesel-fueled engines manufactured by Detroit Diesel Corporation (DDC) before 1993. 
The product consists of specific engine retrofit components, including a proprietary cam 
shaft, The product reduces NOx emissions by increasing the volume of exhaust gas 
that remains in the combustion chamber after the power stroke. Within the combustion 
chamber, the residual exhaust gas absorbs heat and reduces the peak combustion 
temperature which results in lower NOx emissions. The injection timing can then be 
adjusted (i.e. advanced) to maximize diesel PM emission reductions, or it can be varied 
to achieve the desired balance of NOx vs. PM. 

The manufacturer states that engines retrofitted with the product will have emissions of 
no greater than 1 .O gram per brake horsepower-hour (g/bhp-hr) of hydrocarbons, 
8.5 g/bhp-hr of carbon monoxide, 5.8 g/bhp-hr of nitrogen oxides, and 0.16 g/bhp-hr of 
diesel PM. ARB staff have,verified this claim, and the product has been certified 
through the ARB’s Equipment and Process Certification Program. In addition, the 
results of two 8-mode steady-state source tests show that the product can reduce 
diesel PM emissions by up to 55 percent. 
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The product is commercially available and has been installed on over 125 portable and 
400 mobile diesel-fueled engines. The manufacturer states that the product’s useful life 
is between 3,000 and 8,000 operating hours, and that the product life is consistent with 
the durability requirements for new nonroad engines. The initial pioduct cost ranges 
from approximately $3,480 for a three cylinder engine to $15,680 for a sixteen cylinder 
engine. According to the manufacturer, there are no additional maintenance costs; 
however, the product can affect fuel economy. Although this effect can vary by engine, 
there may be a fuel penalty. The manufacturer provides a one-year i 3,000 engine hour 
warranty, and the product can be used with the existing California diesel fuel 
formulations. 

Product Name: 
Manufacturer: 

Category: 

Diesel Emission Control System 
Clean Air Technology, a division of Applied Technology 
Solutions, Inc. 
Engine Modification 

Description: 

The product reduces diesel PM, tdC, and NOx emissions from mobile, stationary, and 
portable diesel-fueled engines by introducing a combustion catalyst into the engine’s air 
intake system. While the specific reactions are not known, the platinum oxide catalyst 
is believed to initiate combustion earlier such that the duration is longer which allows for 
more complete combustion. The manufacturer states that the product reduces both the 
elemental carbon and SOF of diesel PM, and that the overall diesel PM removal 
efficiency is between 30 percent and 60 percent. One steady-state source test shows 
that the product redu’ces diesel PM emissions by 48 percent, I-K emissions by 65 
percent, and NOx emissions by 51 percent. 

MSOD evaluated an earlier version of the product in response to an application for 
exemption from Y-IF State’s emission control system anti-tampering laws (Vehicle Code 
Section 27156) L!S3D staff concluded that use of the product “will not have an 
adverse effect CT exhaust emissions...” 

The product IS csmmercially available and has been installed on approximately 140 
mobile diesel-fueled engines. The product has also been tested on at least one large 
portable dies&i, el;‘3 engine. The initial cost is $1,495, and it takes 2 hours to install. 
The maintenance CCIS: which consists of replacing the catalyst element, is $900 for 
every 1,200 hz::r- c^’ c;?eration. The manufacturer warrants the product for 1,200 hours 
of operation Thf- rrwuct is also reported to improve fuel economy, and it can be used 
with the exlst:n; .S.2 %rnta diesel fuel formulations. 
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Product Name: ECOTIP Superstack Fuel Injectors 
Manufacturer: Interstate Diesel 
Category: Engine Design 

Description: 

The product reduces diesel PM emissions from stationary, portable, mobile, ,marine, 
and locomotive diesel-fueled engines manufactured by General Motors Electra-Motive 
Division (EMD) and DDC. The product consists of a fuel injector with a reduced sac 
volume and a more consistent fuel injection pressure, and--it-can be-incorporated into 
either mechanical or electronic fuel injection systems. The product improves 
combustion and reduces diesel PM emissions by minimizing the amount of fuel that 
drips into the combustion chamber at the end of the chamber’s fuel injection cycle. The 
manufacturer states that the overall diesel PM removal efficiency can be as high as 44 
percent for EMD engines and as high as 7 percent for DDC engines. 

The results of one 8-mode steady-state source test performed on a DDC engine 
equipped with the product show that it reduces diesel PM emissions by 7 percent, NOx 
emissions by 4 percent, and CO emissions by 19 percent, but that it increases HC 
emissions by 15 percent. (The ARB has not received emission test data for the EMD 
engines.) The product has also been tested with 2” injection timing retard, and the 
results of an 8-mode steady-state source test performed on a similar DDC engine show 
that the product can reduce diesel PM emissions by 3 percent, NOx emissions by 16 
percent, CO emissions by 13 percent, and HC emissions by 1 percent. 

The product is commercially available and has been installed on approximately 2,000 
diesel-fueled engines. The manufacturer states that the product’s useful life is typically 
between two and three years. For EMD engines, mechanical fuel injectors are 
available as OEM products and electronic fuel injectors are available as replacement 
products. For DDC engines, both mechanical and electronic fuel injectors are available 
as replacement products. The initial product cost for a DDC engine ranges from 
approximately $49 to $92 for each rebuilt fuel injector with core exchange, and between 
$250 and $300 for each new fuel injector. According to the manufacturer, there are no 
maintenance costs; however, fuel economy is reported to improve by 2 percent to 3 
percent. The manufacturer provides a 12-month / 2,000 engine hour warranty, and the 
product can be used with the existing California diesel fuel formulations. 
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IET 2000 Series Emission/Fuel Reduction System 
International Engine Technologies, Ltd. 
Engine Modification 

Description: 

The product reduces diesel PM emissions from mobile, stationary, and portable 
diesel-fueled engines by cleaning, heating, and mixing the fuel before it is delivered to 
the fuel injection system. The product includes: 1) a filter that cleans the fuel down to 
three to five microns; 2) a “homogenizer” that heats and mixes the fuel; and 3) a 
catalytic bed that imparts an electrical charge to the fuel. These components work 
together to improve fuel atomization and allow for more complete combustion. The 
manufacturer states that the product reduces both the elemental carbon and soluble 
organic fractions (SOF) of diesel PM, and that the overall diesel PM removal efficiency 
is between 20 percent and 50 percent. However, the ARB has not received emission 
test data that support this claim. 

The product is commercially available and has been installed on eight mobile 
diesel-fueled engines. The manufacturer states that the product’s useful life is IO years 
or more. The initial cost varies With engine size and is $180 for 1.5 to 4 liter engines 
(catalytic bed only), $950 for 2 - 5 liter engines, $1,080 for 6 - ? 0 liter engines, and 
$1,250 for 13 - 15 liter engines. The product takes about one hour to install. The 
manufacturer states that fuel economy improves by 8 percent to 12 percent for engines 
with mechanical fuel injectors and by 3 percent to 5 percent for engines with electronic 
fuel injection. The manufacturer provides a one-year warranty, and the product can be 
used with the existing California diesel fuel formulations. 
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Fuel Borne Catalysts 

Product Name: COMTEC Emission Control Device 
Manufacturer: COMTEC Combustion Technologies, inc. 
Category: Fuel Borne Catalyst 

Description: 

The product is reported to reduce diesel PM, Nbx, CO,‘and .HC-emissions from 
stationary, portable and mobile diesel-fueled engines. Specifically, the product is an 
in-line solid metal oxidation /fuel modification catalyst which changes the composition 
of diesel fuel immediately prior to its use in an engine. Subsequent combustion of the 
modified fuel results in a reduction of both the elemental carbon and SOF of diesel PM, 
as compared to untreated fuel. According to the manufacturer, the tin antimony-based 
catalyst converts some of the longer chain hydrocarbons into shorter chain 
hydrocarbons. Use of the product appears to increase the number of shorter chain 
hydrocarbons, particularly those in the Cl0 through Cl2 range, and slightly decrease, 
the number of longer chain hydrocarbons. The manufacturer states that the product 
reduces diesel PM emissions by up to 40 percent, NOx emissions by up to 25 percent, 
CO emissions by up to 60 percent, and HC emissions by up to 60 percent. However, 
the ARB has not received emission test data that support this claim. 

The product is commercially available and has been installed on several hundred 
diesel-fueled engines used primarily in marine vessels. These engines range in size 
from 150 horsepower to 10,000 horsepower. The product’s useful life is 8,000 to 
10,000 service hours and is guaranteed by the manufacturer. The initial product cost, 
which varies by engine size, ranges from $326 (US) for a 300 horsepower engine to 
$1,563 (US) for a 3,000 horsepower engine. The installation cost, which also varies by 
engine size, ranges from $150 to $500. The manufacturer reports an increase in fuel 
economy of between 3 percent and 7 percent. The product is covered by both a 
performance and a liability warranty, and it can be used with the existing California 
diesel fuel formulations. 
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Product Name: Platinum Plus@ DFX diesel fuel combustion catalyst 
Manufacturer: Clean Diesel Technologies, Inc. 
Category: Fuel Additive 

Description: 

The product is a concentrated liquid fuel-borne catalyst (FBC) containing 4 to 8 parts 
per million (ppm) of fuel-soluble platinum and cerium metal that reduces diesel PM 
emissions from atl stationary and portable diese&fueled engine types. The product can 
be used alone or in conjunction with other control technotogies such as diesel 
particulate filters (DPF) and diesel oxidation catalysts (DOC); and with NOx controls 
such as exhaust gas recirculation and injection timing retard. The FBC catalyzes the 
rate of soot oxidation and lowers the temperature at which soot oxidation takes place. 
The FBC is packaged as an aftermarket product, so fuel or bulk storage tanks can be 
dosed by the owner or operator. The product reduces the carbonaceous and SOF of 
diesel PM; however, the product appears most effective at reducing the dry 
carbonaceous fraction. The manufacturer states that the removal efficiency is 
dependent on the baseline emission level and chemical makeup of the diesel PM. 
Results from the heavy-duty engine transient FTP and a 13-mode steady-state source 
test shows that the product can reduce diesel PM emissions ranging from 15 percent to 
30 percent for the FBC alone, 30 percent to 50 percent for a DOC+FBC, and 80 percent 
to 95 percent for a DPF+FBC combination. 

The product is commercially available and has been applied to more than 60 
heavy-duty trucks in the United States and to six large stationary diesel-fueled engines 
in Maine. FBC+DPF combinations have been applied to about 100 city buses in 
Taiwan. The initial cost to the end user varies based on the method of product 
distribution. Individually packaged products are expected to cost $0.10 to $0.12 per 
gallon of fuel treated; bulk treated fuel, or on-board additive is estimated to cost $0.05 
to $0.10 per gallon of fuel treated. Additive cost is expected to be partially offset by fuel 
economy improvements in the range of 5 percent to 7 percent- Additional operation 
and maintenance costs are negligible for the FBC alone. If used with DOCs and DPFs, 
maintenance should be reduced owing to the reduced soot fouling and replenishment of 
catalytic activity with the FBC. The manufacturer states that the product’s shelf life is 
about 24 months for individually packaged units and 12 to 18 months in fuel. The 
product works with diesel fuels containing up to 500 ppm sulfur at any operating 
temperature; when used with a DOC or catalyzed DPF, exhaust gas temperature 
should be maintained below 500 “C to avoid sulfation. 
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Other Exhaust Treatment Technologies 

Product Name: NOxTECH Emission Control System 
Manufacturer: NOxTECH, Inc. 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM, CO, and HC emissions from stationary and portable 
diesel-fueled engines and turbines through non-catalytic oxidation (i.e. similar to an 
afterburner). When used with an aqueous urea injection system, the product also 
reduces emissions of NOx. The product consists of ‘a muffler-size reactor where the 
exhaust gases are heated.to a temperature of I ,400”F - I ,550”F by introducing fuel to 
the exhaust stream. Within this high temperature environment, diesel PM, CO, and HC 
emissions are oxidized. When a urea injection system is used, NOx emissions are 
reduced in a reaction with the aqueous urea. 

The manufacturer states that the overall diesel PM removal efficiency can be as high as 
90 percent. Test results from a steady-state source test of a 1.5 megawatt (MW) 
generator in Southern California demonstrated diesel PM removal efficiencies between 
43 percent and 71 percent. 

The product is commercially available and can be retrofitted to existing engines; 
however, it must be designed for each a,pplication. The product is currently being used 
on two stationary diesel-fueled engine-powered generators in Southern California. The 
initial costs are: $10 - $30 per horsepower for installations without the urea injection 
system or the heat exchanger; $1.5 - $37 per horsepower for installations with the urea 
injection system but without the heat exchanger; and $52 - $75 per horsepower for 
installations with both the urea injection system and the heat exchanger, The operating 
costs include a fuel penalty of approximately 5 percent to 8 percent, and when used, 
the cost of the aqueous urea is approximately $300 per ton of NOx reduced. The 
manufacturer guarantees that the product will be free from defects for a period of 12 
months. The product can be used with the existing California diesel fuel formulations. 
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SlNOx (Selective Catalytic Reduction) System 
Siemens Westinghouse Power Corporation 
Exhaust Treatment 

. 

Description: 

The product reduces diesel PM, NOx, and HC / air toxics (including odor,.formaldehyde 
and polyaromatics) emissions from mobile, stationary, and portable diesel-fueled 
engines using a proprietary base metal catalyst designed specifically for diesel-fueled 
engines. According to the manufacturer, the product reduces the volatile organic 
fraction (VOF) of diesel..PMand. H-C ./airtoxicsemissions through- catalytic oxidation. .-- 
The product concurrently reduces NOx emissions through selective catalytic reduction 
using a reducing agent, such as a 32 percent aqueous urea solution, as an integrated 
control system. The manufacturer states that the product’s overall diesel PM removal 
efficiency can be between 20 percent and 50 percent depending on the engine timing, 
the type of controls, and the uncontrolled emission rate. In addition, the product’s VOF 
of diesel PM removal efficiency can be more than 60 percent, its HC / air toxics removal 
efficiency can be more than 90 percent, and its NOx removal efficiency can be over 90 
percent in stationary and portable applications and 65 percent to 85 percent in 
heavy-duty truck applications. The product can be used through an exhaust 
temperature range of 350°F to 1,02O”F, and it allows the injection timing to be adjusted 
(on non-certified engines) for maximum fuel efficiency which may result in further 
reductions of diesel PM and HC /air toxics and fuel savings. One transient driving cycle 
emission test of a 1999 certified Detroit Diesel Corporation Series 60 heavy-duty 
diesel-fueled truck engine shows that, over the,hot start portions of the FTP, the 
product reduces the VOF of diesel PM by more than 60 percent, total diesel PM 
emissions by more than 20 percent (to less than 0.07 g/bhp-hr), HC emissions by 90 
percent, and NOx emissions by 73 percent (to less than 1.0 g/bhp-hr). In addition, 
according to the manufacturer, a NOx emission rate of 0.5 g/bhp-hr was recently 
achieved on an engine equipped with both the product and a supplemental exhaust gas 
recirculation system. 

The product is commercially available for engines rated at 200 to 10,000 horsepower or 
more, and it has been installed on 125 stationary, portable, and mobile diesel-fueled 
engines worldwide. Specific applications include: stationary and portable generator 
sets, pump stations, on-highway heavy-duty trucks, offroad construction equipment, 
marine vessels, locomotives, and others. The cost of the product depends on the 
degree of custom engineering required, the size of the engine, the operating conditions, 
and other variables such as production volume. For a 367 horsepower portable 
diesel-fueled engine, the initial cost would be approximately $7,000 depending on 
prdduction volume and assuming minimal custom engineering. The operating cost 
would be approximately $300 per ton of NOx reduced (primarily for the aqueous urea), 
and the maintenance cost would be approximately $800 per year depending on run 
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time and other variables. The manufacturer provides a one-year standard equipment 
warranty for workmanship, parts and materials. The manufacturer also provides a 
process guarantee of up to 3-years / 20,000 service hours (whichever occurs first) for 
the emission reductions in stationary and portable applications. A-500,000 mile 
performance guarantee is provided for on-road applications. The product is resistant to 
fuel sulfur and can be used with the existing California diesel fuel formulations, as well 
as with high sulfur fuels such as bulk or crude oil used in coastal and ocean vessels. 

Oxidation/Oxidation Catalysts 

Product Name: CEM Catalytic Exhaust Muffler 
Manufacturer: Johnson Matthey 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM, CO, and HC emissions from mobile diesel engines 
through catalytic oxidation. Specifically, the product reduces the SOF of diesel PM by 
50 percent to 60 percent. The product is certified under the U.S. Environmental 
Protection Agency’s Urban Bus Retrofit/Rebuild Program, and the manufacturer 
guarantees that it will reduce overall diesel PM emissions by at least 25 percent. The 
manufacturer states that HC and CO emissions will be reduced by up to 50 percent or 
more. The results of one transient emission test show that, over the FTP, the product 
reduced diesel PM emissions by 51 percent, NOx emissions by 3 percent, HC 
emissions by 47 percent, and CO emissions by 40 percent. 

MSOD evaluated the product in response to an application for exemption from the 
State’s emission control system anti-tampering laws (Vehicle Code Section 27156). 
MSOD staff concluded that use of the product ” . . . will not have any adverse effect on 
exhaust emissions of the engines for which the exemption is requested.” 

As is the case with most catalytic oxidation processes, the formation of sulfate particles 
increases at higher temperatures. While the product has been formulated to minimize 
the formation of sulfates, depending on the exhaust temperature and the sulfur content 
of the fuel, the increase in sulfate particles may offset the reduction in SOF emissions. 
This effect can be minimized by using diesel fuel with a very low sulfur content. 

The product is commercially available for urban transit bus applications, and has been 
installed on several thousand transit buses in the United States. The product’s initial 
cost depends on the engine / coach configuration and varies between $1,600 and 
$2,300. Installation takes between two and four hours and, according to the 
manufacturer, periodic maintenance is not normally required. For urban transit bus 
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applications, the manufacturer provides an emission performance warranty for ? 50,000 
miles and will replace defective parts for a period of 100,000 miles. The manufacturer 
typically-provides a one year unlimited mileage warranty for other applications. The 
product can be used with California’s existing diesel fuel formulations. 

Product Name: CleanDIESEL Converters 
Manufacturer: Clean Air Systems 
Category: Exhaust Treatment 

Description: 

The product reduces PM, CO, and HC emissions from stationary and portable 
diesel-fueled engines through catalytic oxidation. Specifically, the product reduces the 
SOF of diesel PM. The manufacturer states that the SOF removal efficiency can be as 
high as 80 percent at an exhaust temperature of 57O”F, and that the overall diesel PM 
removal efficiency should be between 25 percent and 43 percent. However, ARB has 
not received emission test data that support these claims. 

As is the case with most catalytic oxidation processes, the formation of sulfate particles 
increases at higher temperatures. Depending on the exhaust temperature and the 
sulfur content of the fuel, the increase in sulfate particles may offset the reduction in 
SOF emissions. This effect can be minimized by using diesel fuel with a very low sulfur 
content. 

The product is commercially available and has been installed on approximately 3,000 
stationary, portable, and mobile diesel-fueled engines. The manufacturer states that 
the product’s useful life should be approximately 10,000 engine hours. The initial cost 
ranges from $369 for a 150 cubic inch naturally aspirated engine to $4,079 for a 2,215 
cubic inch turbocharged engine, and the product takes between one and six hours to 
install. The maintenance costs depend on the maintenance level of the engine: the 
catalyst may require periodic cleaning when installed on a poorly maintained engine or 
when the catalyst temperature does not regularly reach 570°F. The product carries a 
one-year / 2,000 engine hour warranty and it can be used with the existing California 
diesel fuel formulations. 
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Product Name: DCC Diesel Catalytic Converter 
Manufacturer: Johnson Matthey 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM, CO, and HC emissions from mobile and portable 
diesel-fueled engines through catalytic oxidation. Specifically, the product reduces the 
SOF of diesel PM by 50 percent to 60 percent. The manufacturer states that the overall 
diesel PM removal efficiency ranges from 20 percent to 50 percent depending on the 
engine size and model year, exhaust temperature and flow rate, duty cycle, and 
condition of the engine. However, ARB has not received emission test data that 
support this claim. 

As is the case with most catalytic oxidation processes, the formation of sulfate particles 
increases at higher temperatures. While the product incorporates sulfate suppressant 
technology, depending on the exhaust temperature and the sulfur content of the fuel, 
the increase in sulfate particles may offset the reduction in SOF emissions. This effect 
can be minimized by using diesel fuel with a very low sulfur content. 

The product is commercially available for mobile diesel-fueled engines, and has been 
installed on more than three million engines worldwide. The initial product cost, which 
varies with engine size and emission reduction requirements, ranges from $500 to 
$3,000. The installation, operating, and maintenance costs also vary by application and 
engine size. The manufacturer typically provides a one year unlimited mileage 
warranty. The product can be used with the existing California diesel fuel formulations. 

Product Name: 
Manufacturer: 
Category: 

Dieselytic SX Exhaust Gas Purifier 
Catalytic Exhaust Products Limited 
Exhaust Treatment 

Description: 

The product reduces diesel PM, CO, and HC emissions from stationary and portable 
diesel-fueled engines through catalytic oxidation. Specifically, the product reduces the 
SOF of diesel PM. The manufacturer states that the SOF removal efficiency ranges 
from 27 percent at an exhaust temperature of 275°F to 91 percent at 600°F. The 
overall diesel PM removal efficiency depends on the make-up of each engine’s diesel 
PM emissions, but should be between 25 percent and 39 percent. One 8-mode 
steady-state source test shows that the product reduces diesel PM emissions by almost 
16 percent, HC emissions by 39 percent, and CO emissions by 59 percent. 
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As is the case with most catalytic oxidation processes, the formation of sulfate particles 
increases at higher temperatures. Depending on the exhaust temperature and the 
sulfur content of the fuel, the increase in sulfate particles may offset the reduction in 
SOF emissions. This effect can be minimized by using diesel fuetwith a very low sulfur 
content. 

The product is commercially available and has been installed on approximately 15,000 
portable and mobile diesel-fueled engines. Several units have also been installed in 
stationary applications. The manufacturerstates that the product’s useful life ranges 
from approximately 4,000 to 6,000 .engine hours in heavy-duty applications to-8,000 to 
10,000 engine hours in light-duty applications. The initial product cost, which varies 
with engine size, ranges from approximately $2,000 for a 250 horsepower engine to 
approximately $5,000 for a 550 horsepovqer engine. The manufacturer recommends 
cleaning the product every 6 months or 2,000 engine hours (whichever occurs first) 
when it is installed on newer engines, and every 3 months or 1,000 engine hours 
(whichever occurs first) when it is installed on older engines. The catalyst can be 
cleaned by the engine operator by: applying a compressed air stream to the face of the 
catalyst; heat treating the catalyst core; or soaking the catalyst in an appropriate 
solvent. The maintenance costs include the time and materials associated with the 
cleaning activity. The product carries a one-year / 2,000 engine hour warranty. The 
product can be used with the existing California diesel fuel formul$ions; however, the 
manufacturer recommends a maximum aromatic content of 18 percent. 

Product Name: Flameless Thermal Oxidizer 
Manufacturer: Thermatrix, Inc. 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM, CO, and HC emissions from stationary and portable 
diesel-fueled engines and turbines through non-catalytic oxidation (i.e. similar to an 
afterburner). Exhaust gases are heated in a muffler-like enclosure where the organic 
gases are oxidized in the flameless, high temperature, environment. System 
temperature is maintained by introducing supplemental fuel to the exhaust stream 
which reacts within a proprietary inert ceramic matrix. 

The product reduces the carbonaceous, soluble organic and sulfate fractions of diesel 
PM. The manufacturer states that the overall diesel PM removal efficiency should be 
greater than 90 percent, although emission test results will not be available until 
October 1999. 
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Although still under development, the product is expected to be available for 
commercial use within the next few years. The initial cost is projected at $3,000 for 
heavy-duty diesel engines- The operating costs consist primarily of the supplemental 
fuel use, which is between one and three percent. The product can be used with the 
existing California diesel fuel formulations. 

Product Name: Nett D-series Diesel Purifier 
Manufacturer: Nelt Technologies, Ind. 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM, CO, and HC emissions from stationary and portable 
diesel-fueled engines through catalytic oxidation. The catalyst formulation can be 
customized for specific engine applications, and can be designed to suppress the 
formation of sulfate particles. To enhance low temperature conversion, the product 
incorporates a zeolite trap which captures and temporarily stores hydrocarbon 
emissions, including the SOF of,diesel PM. Upon reaching the catalysts’ minimum 
conversion temperature of about 36O”F, the hydrocarbons are released from the 
zeolites and are oxidized by the catalyst. The zeolites can collect and store 
hydrocarbons for 15 to 30 minutes before becoming saturated. The manufacturer 
states that the product’s SOF removal efficiency ranges from 40 percent at an exhaust 
temperature of 210°F to 90 percent at 84O’F, and that the product’s overall diesel PM 
removal efficiency can be as high as 10 percent to 50 percent. One 5-mode 
steady-state source test shows that the product reduces diesel PM emissions by 21 
percent. 

As is the case with most catalytic oxidation processes, the formation of sulfate particles 
increases at higher temperatures. While the product incorporates sulfate suppressants, 
depending on the exhaust temperature and the sulfur content of the fuel, the increase 
in sulfate partrcles may offset the reduction in SOF emissions. This effect can be 
minimized by using diesel fuel with a very low sulfur content. 

The product is commercially available and has been installed on approximately 15,000 
mobile, portable. and stationary diesel-fueled engines. The initial product cost, which 
varies with eng’ne size. ranges from $4 to $20 per horsepower, and it takes 
approxima:ely !. - hours to install. The operating costs depend on the maintenance 
level of the eng’-c 2s the catalyst may require periodic cleaning when installed on a 
poorly maintalne2 engme. The manufacturer states that the product’s useful life ranges 
from 15,000 tc 25 233 engine hours depending on the condition of the engine, type of 
fuel and maintenance practices. The manufacturer provides a 2,000 hour limited 
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warranty on mechanical durability. The product can be used with the existing California 
diesel fuel formulations. 

Product Name: Nett Standard Diesel Purifier 
Manufacturer: Nett Technologies, Inc. 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM, CO, and HC emissions from stationary and portable 
diesel-fueled engines through catalytic oxidation. Specifically, the product reduces the 
SOF of diesel PM. The manufacturer states that the SOF removal efficiency ranges 
from zero percent at an exhaust temperature of 210°F to 90 percent at 840°F. The 
overall diesel PM removal efficiency is estimated at between 10 percent and 50 
percent, but this has not been confirmed through emission testing. 

As is the case with most catalytic oxidation processes, the formation of sulfate particles 
increases at higher temperatures- Depending on the exhaust temperature and the 
sulfur content of the fuel, the increase in sulfate particles may offset the reduction in 
SOF emissions. This effect can be minimized by using diesel fuel with a very low sulfur 
content. 

The product is commercially available and has been installed on approximately 30,000 
mobile, portable, and stationary diesel-fueled engines. The initial product cost, which 
varies with engine size, ranges from $3 to $14 per horsepower, and takes 
approximately 1% hours to install. The operating costs depend on the maintenance 
level of the engine, because the catalyst may require periodic cleaning when installed 
on a poorly maintained engine. The manufacturer provides a 2,000 hour limited 
warranty on mechanical durability. The product can be used with the existing California 
diesel fuel formulations. 
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Product Name: PTX Oxidation Catalyst 
Manufacturer: Engelhard Corporation 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM, CO, and HC emissions from mobile, stationary, and 
portable diesel-fueled engines’through catalytic oxidation. The product reduces both 
the carbonaceous fraction and the SOF of diesel PM. The manufacturer states that the 
SOF removal efficiency can be as high as 50 percent to 90 percent, and that the overall 
diesel PM removal efficiency can be as high as 25 percent to 50 percent. The results of 
one emission test of a bulldozer, which was tested over a specially designed transient 
cycle, show that the product reduces total diesel PM emissions by 24 percent. 

As is the case with most catalytic oxidation processes, the formation of sulfate particles 
increases at higher temperatures. Depending on the exhaust temperature and the 
sulfur content of the fuel, the increase in sulfate particles may offset the reduction in 
SOF emissions. This effect can be minimized by using diesel fuel with a very low sulfur 
content. 

The product is commercially available and has been installed on several thousand 
mostly-mobile diesel-fueled engines. The manufacturer states that the products useful 
life is consistent with the life of the associated diesel-fueled engine, and they 
recommend replacing the catalyst at the time an engine is rebuilt. The products initial 
cost varies between $5 and $15 per horsepower. According to the manufacturer, 
periodic maintenance is not normally required. The product carries a mechanical 
durability warranty of between one and two years, depending on the application, and 
the product can be used with California’s existing diesel fuel formulations. 

Particulate Filters 

Product Name: 
Manufacturer: 
Category: 

3M Diesel Particulate Filter Cartridges 
Minnesota Mining and Manufacturing (3M) 
Exhaust Treatment 

Description: 

3M manufactures several ceramic fiber-based cartridges that are one component of 
particulate filter systems assembled by other companies. The cartridges can reduce 
the carbonaceous and soluble organic fractions of diesel PM by collecting the 
contaminants on ceramic fibers. They can be regenerated either electrically via internal 
heating elements or by external methods, such as fuel burners, fuel additives, catalysts, 
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and microwaves. The manufacturer states that the overall diesel PM removal efficiency 
should be as high as 85 percent to 95 percent when used alone, and as high as 90 
percent to 95 percent when combined with an oxidation catalyst, although emission test 
results will not be available until September 1999. 

The product is commercially available and has been integrated into particulate filter 
systems that can be used on both portable and stationary engines and on turbines. 
The manufacturer states that the product has been used on 2,000+ vehicles with some 
preliminary testing in stationary applications. The manufacturer also states that some 
of the particulate filter systems have been in the field for 6 years and have logged 
lO,OOO+ hours of operation. The initial cost of a ceramic fiber cartridge is between $80 
and $250. However, the initial cost of a particulate filter system depends on the builder 
and method of regeneration. The product can be used with the existing California 
diesel fuel formulations. 

Product Name: CleanDIESEL Soot Filter 
Manufacturer: Clean Air Systems 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM, CO, and HC emissions from stationary and portable 
diesel-fueled engines through catalytic oxidation and filtration. The passive, 
self-regenerating catalyzed particulate filter system collects diesel PM and oxidizes it 
during hot duty cycle operations (i.e. exhaust temperatures above 700°F). The 
integrated catalyst reduces the particulate oxidation temperature, and it oxidizes the CO 
and HC emissions For proper filter regeneration and to maintain an acceptable back 
pressure, the hot duty cycle must account for at least 20 percent of the eng’ine 
operating time The manufacturer states that reductions of both the SOF and the 
carbonaceous fraction of diesel PM can be as high as 85 percent. However, ARB has 
not received emlsslon test data that support this claim. 

The product 1s c srnmercially available and has been installed on approximately 100 
stationary, por?taSle. and mobile diesel-fueled engines. The initial product cost ranges 
from $990 for a 122 cubic inch naturally aspirated engine to $20,025 for a 2,900 cubic 
inch turbocharge engine, and it takes between one and sip hours to install. The 
manufacturer S:J:~S ?r,a? the product’s useful life should be approximately 10,000 
engine hours IYZ,W~ er the product’s life may be limited on poorly maintained engines 
where soot car a+-’ 1 ,,,mu!ate rapidly. (In this situation, the excessive soot can oxidize 
uncontrollably 37~ ;~es:roy the filter.) The manufacturer recommends cleaning the 
product annuai’y and the maintenance costs include the time and materials associated 
with this actrvlv ihe product carries a one-year 12,000 engine hour warranty on the 
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filter packaging; however, no warranty is provided on the filter media. The product can 
be used with the existing California diesel fuel formulations. 

Product Name: Combifilter 
Manufacturer: Engine Control Systems 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM through filtration and is actively regenerated with the 
periodic use of electric heating. The manufacturer states that the overall diesel PM 
removal efficiency is between 80 percent to 90 percent. Higher reductions can be 
achieved when an oxidation catalyst is used in conjunction with the product. The 
results of one transient emission test, based on a test procedure developed specifically 
for a backhoe, indicated that the product when used without an oxidation catalyst 
reduced diesel PM emissions by 81 percent. Another set of emission tests, based upon 
the IS0 8-mode test, indicated that the product used in conjunction with an oxidation 
catalyst achieved a 95 percent reduction in diesel PM emissions, 88 percent reduction 
in carbon monoxide, and 92 percent reduction in hydrocarbons. 

The product is commercially available in Europe and Asia and has been employed on 
over 3,000 diesel-fueled engines including captive fleet vehicles, stationary and mining 
engines. The product will be marketed in the United States later this year. The 
product’s initial cost depends on engine size, exhaust flow rate, exhaust temperature 
and duty cycle, and typically varies between $5,000 and $40,000 for engines rated from 
40 horsepower up to 1,400 horsepower. The filter must be cleaned every 1,000-l ,500 
hours, depending upon oil consumption. The product is covered by a one-year 
warranty and it can be used with existing California diesel fuel formulations. 
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CRT Particulate Filter 
Johnson Matthey 
Exhaust Treatment 

The product reduces diesel PM, CO, tlC, and NOx emissions from mobile, stationary, 
and portable diesel-fueled engines through filtration and catalytic oxidation- The 
passive, self-regenerating filter system collects diesel PM and oxidizes it during hot duty 
cycle operations (i.e. exhaust temperatures above 530°F). A precious metal oxidation 
catalyst, installed upstream..of a wall flow monolith filter element, convertsnitrogen 
oxide in the exhaust stream to nitrogen dioxide, -whichis a strong oxidant. The-product 
then relies on the nitrogen dioxide to oxidize the diesel PM collected on the filter 
element at temperatures typical for dies.el-fueled engine exhaust. The catalyst also 
oxidizes the carbon monoxide and hydrocarbon emissions, including the SOF of diesel 
PM. For proper filter regeneration and operation, the hot duty cycle must account for at 
least 40 percent to 50 percent of the engine operating time. The manufacturer states 
that the overall diesel PM, CO, and l-K removal efficiency can be more than 90 percent, 
and that the NOx removal efficiency can be as high as IO percent. The results of one 
transient emission test of a 1986 2-stroke diesel-fueled transit bus engine show that, 
over the FTP, the product reduced diesel PM emissions by 93 percent, HC emissions 
by 86 percent, CO emissions by 90 percent, and NOx emissions by 2 percent. 

As is the case with most processes that incorporate catalytic oxidation, the formation of 
sulfate particles increases at higher temperatures. Depending on the exhaust 
temperature and the sulfur content of the fuel, the increase in sulfate particles may 
offset the reduction in diesel PM emissions. Sulfur also inhibits the conversion of 
nitrogen oxide to nitrogen dioxide. Because of these effects, the manufacturer requires 
the use of ultra-low sulfur fuel. For proper regeneration, diesel with an average fuel 
sulfur content of 30 ppm (50 ppm max.) is required. A fuel sulfur content of less than 
15,parts per million is recommend to achieve maximum diesel PM reductions- 

The product is commercially available and has been installed on over 10,500 mobile 
diesel-fueled engines in Europe, and it is currently being demonstrated in eight 
heavy-duty vehicle fleets in southern California and at the New York Metropolitan 
Transportation Authority. The product’s initial cost depends on engine size, exhaust 
flow rate, exhaust temperature, and duty cycle, and typically varies between $5,000 and 
$8,000 for engines rated up to 450 horsepower. Installation takes about four hours, 
and the operating costs include the incremental cost of using an ultra-low sulfur diesel 
fuel. The product should be cleaned every 12 months or 60,000 miles, whichever 
occurs first, according to the manufacturers maintenance instructions, and the 
maintenance costs include the time and materials associated with this cleaning activity. 
For urban transit bus applications, the manufacturer provides an emission performance 
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warranty for 150,000 miles and will replace defective parts for a period of 100,000 
miles. 

Product Name: DPX Particulate Filter 
Manufacturer: Engelhard Corporati,on 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM, CO, and HC emissions from stationary and portable 
diesel-fueled engines through catalytic oxidation and filtration. The passive, 
self-regenerating catalyzed filter system collects diesel PM and’oxidizes it under normal 
engine exhaust temperatures. The integrated catalyst reduces the particulate oxidation 
temperature, and oxidizes soluble organic, CO, and HC emissions. For proper filter 
regeneration and operation, the hot duty cycle must account for at least 20 percent of 
the engine operating time. The manufacturer states that the overall diesel PM removal 
efficiency can be as high as 70 percent to 95 percent. The results of one emission test 
of a Caterpillar wheel loader, which was tested over a specially designed transient 
cycle, show that the product can reduce diesel PM emissions by 96 percent. 

The product is commercially available and has been installed on several stationary 
diesel-fueled engines as well as approximately 1,000 mobile diesel-fueled engines. 
The manufacturer states that the product’s useful life can exceed 15,000 engine hours. 
The product’s initial cost varies between $10 and $125 per horsepower. The product 
should be cleaned regularly according to the maintenance instructions because lube oil 
ash can accumulate and increases the system’s back pressure. This maintenance 
activity is expected to take from 2 to 4 hours per year, and the maintenance costs 
include the time and materials associated with this cleaning activity. When the product 
is installed on standby engines, the periodic engine testing should include 45 minutes of 
operation under load to allow for proper filter regeneration. The product carries a 
mechanical durability warranty of between one and two years depending on the 
application, and it can be used with California’s existing diesel fuel formulations. 
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Product Name: QuadCat Four-Way Catalytic Converter 
Manufacturer: Ceryx, Inc. 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM&O, HC, and NOx emissions from mobile, stationary, 
and portable diesel-fueled engines. The product consists of a lean NOx catalyst and a 
catalyzed diesel particulate filter (CDPF) integrated together with a heat exchanger. 
The lean NOx system reduces NOx, via a, catalytic process, to nitrogen and water. The 
CDPF collects diesel PM and oxidizes the soluble organic portion of diesel PM, CO, 
and HC emissions.‘ Diesel fuel is injected into the heat exchanger to ensure’the 
catalyst is operating at the optimum temperature levels for diesel PM regeneration.. .The 
manufacturer indicates that the product is expected to achieve 90 percent reduction in 
CO, HC, and diesel PM emissions.and 30 percent to 50 percent reduction in NOx 
emissions. Testing is currently being conducted by the manufacturer to verify the 
product’s performance. 

As is the case with most processes that incorporate catalytic oxidation, the formation of 
sulfate particles increases at higher temperatures. Depending on the exhaust 
temperature and the sulfur content of the fuel, the increase in sulfate particles may 
offset the reduction in particulate emissions. Lower fuel sulfur content is expected to 
enhance the performance of the product. 

The product is expected to be commercially available in late 2000. Research units 
have been installed on a 7.3 L Navistar Powerstroke Ford F-250 and a school bus 
equipped with a Navistar 466 engine. The product’s initial cost in mobile applications 
depends on engine size, exhaust flow rate, exhaust temperature, and duty cycle, and 
typically varies between $5,000 and $10,000 for engines rated up to 400 horsepower. 
lnstallation takes about 5 - 6 hours, and the operating costs include the cost of 
supplementary diesel fuel, which is typically 2 percent to 4 percent of engine fuel use at 
full load. The product can be used with the existing California diesel fuel formulations. 
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“Trap-Muffler” System 
Doubletree Technologies, Inc. 
Exhaust Treatment 

The product reduces diesel PM, HC, and NOx emissions from stationary, portable, and 
mobile diesel-fueled engines through filtration, exhaust gas recirculation (EGR) and 
oxidation. The system consists of twin particulate filters located such that the exhaust 
temperature remains relatively low (i.e. 100°C to 300°C) allowing gaseous - 
hydrocarbons to condense on the collected diesel PM. One particulate filter is isolated 
and slowly regenerates while the’engine’s exhaust stream is directed to the second 
filter. Regeneration is accomplished using either an .optimally located glow plug for 
ceramic fiber-type filters or an electric igniter coil for honeycomb-type filters. A pressure 
sensor-controlled diverter valve alternates between the two filters and ensures 
minimum exhaust backpressures. 

A fuel borne catalyst is used to lower the oxidation temperature of the collected diesel 
PM. Alternatively, a catalyzed particulate filter can be used in place of the fuel borne 
catalyst when low sulfur fuel is available. In addition, a portion of the filtered and cooled 
exhaust stream is directed to the EGR system which further enhances hydrocarbon 
oxidation and minimizes the formation of NOx. The manufacturer states that the product 
,reduces both the carbonaceous fraction and the soluble organic fraction of diesel PM, 
and they guarantee that the overall diesel PM removal efficiency will be at least 90 
percent. However, ARB has not received emission test data that support this claim. 

The product is expected to be available for commercial use in the near future. The 
product (absent the EGR component) has been installed on 1,100 mobi,le diesel-fueled 
engines in Seoul, Korea, although the catalyzed filters experienced durability problems 
related to level of sulfur in the diesel fuel. The manufacturer states that the product’s 
useful life should be about two years, and that the individual filter elements can be 
easily serviced. The product’s initial cost is: $1,500 for a 40 hp engine (with simplified 
controls); $1,700 for a 100 hp engine; $2,000 for a 275 hp engine; $2,500 for a 400 hp 
engine and $4,500 for a 1,400 hp engine. It takes approximately 3 - 6 hours to install 
the product, and the installation costs are expected to be between $300 and $600. The 
operating costs will include a 2 percent increase in fuel costs when a fuel borne catalyst 
is used. The maintenance costs are not known at this time, and the warranty has not 
been determined. The product can be used with California’s existing diesel fuel 
formulations. 
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Product Name: Nett SF Soot Filter 
Manufacturer: Nett Technologies, Inc. 
Category: Exhaust Treatment 

Description: 

The product reduces diesel PM, CO, and HC emissions from stationary and portable 
diesel-fueled engines through catalytic oxidation and filtration. The passive, 
self-regenerating catalyzed filter system collects ,diesel PM and oxidizes it during hot 
duty cycle operations (i.e. exhaust temperatures between 700 “F and 750 “F). The 
integrated proprietary catalyst reduces the particulate oxidation temperature, and- it 
oxidizes the soluble organic, CO, and HC emissio.ns. For proper filter regeneration and 
operation, the hot duty cycle must account for at least 20 percent of the engine 
operating time. The manufacturer states that the overall diesel PM-removal efficiency 
can be as high as 85 percent to 99 percent. One Central Business District transient 
driving cycle emission test of a hybrid diesel-electric bus shows that the product 
reduces diesel PM emissions by 92 percent, HC emissions by 41 percent, and CO 
emissions by 93 percent when compared to an OEM catalyst. 

The product is commercially available and has been installed on approximately 200 
stationary and portable diesel-fueled engines. The initial product cost, which vanes with 
engine size, ranges from $25 to $75 per horsepower, and it takes approximately 1 l/2 
hours to install. The operating costs include a 1 percent - 1% percent fuel penalty due 
to the increased backpressure, which can be as high as 20 to 40 inches of water. The 
manufacturer states that the product’s useful life can extend from 8,000 to l&O00 
engine hours, although this may be reduced in poorly maintained engines with leaking 
fuel injectors, dirty intake air cleaners, excessive oil consumption and/or lubricating oil 
in the exhaust. The manufacturer provides a 2,000 hour limited warranty on 
mechanical durability. The product can be used with the existing California diesel fuel 
formulations. 
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Part B: TECHNICAL EVALUATION OF TECHNOLOGIES THAT REDUCE 
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DRAFT Control Technoloev Evaluation _ 
ar 

Item 

Technology: 

Technology Description: 
(How does it work?) 

Response 

Catalyzed Diesel Particulate Filter 

The technolo,T is a passive, self-regenerating catalyzed diesel particulate 
filter (C-DPF). The technolo,y reduces particulate matter, carbon 
monoxide and hydrocarbon emissions through catalytic oxidation and 
filtration- The C-DPF collects diesel particulate matter and oxidizes it 
during hot duty cycle operations. (This process of cleaning the C-DPF is 
called regeneration) Typically, the filter media consists of ceramic wall- 
flow monoliths which capture the diesel particuiates. These ceramic 
monoliths are either coated with a catalyst material or a separate catalyst is 
installed upstream of the C-DPF. The catalyst reduces the temperature at 
which the collected particulate matter oxidizes, and it oxidizes the soluble 
organic, carbon monoxide and hydrocarbon emissions, 

Applicability: 
(What types of engines can the 
product be installed on?) 

The technolo,T is available for stationary and portable diesel engines rated 
at 5,000 horsepower or less and can be retrofitted to existing equipment. 
C-DPFs are also available for mobile diesel engines. However, the 
technology is not appropriate for an application where an engine and its 
associated duty cycle do not generate enough heat to oxidize the collected 
particulate matter and regenerate the filter. For example, C-DPFs may not 
be appropriate for engines used in severe cyclic operations. 

Achieved’Emission 
Reductions: 

Emission Reduction 
Guarantee: 

Product Test Cycle PM Reduction 
Nett SF Soot Filter CBD Transient 92% 
Engelhard DPX Special Transient 97% 
CleanDiesel Soot Filter IS0 8178 Cl 85% 

The emission reduction efficiency of this technology depends on the 
associated engine’s baseline emissions, fuel sulfur content and emission test 
method / cycle. As such, diesel particulate filter manufacturers do not 
provide emission reduction guarantees. 

costs: 
Initial Retail: 

Installation: 

Operating: 

Maintenance: 

Zomments: 

The initial cost is: $3,300 - $5,000 for a 40 hp-engine; $5,000 - $7,500 for a 
100 hp engine; $6,900 - $9,000 for a 275 hp engine; $10,500 for a 400 hp 
engine; and $32,000 - $44,000 for a 1,400 hp engine. 

---------------------------------------------------------------------- 
$167.- $518 (Assuming 1.5 - 6 hours x $78/hr + $50 in mist parts.) 

------_---__-_--_----------------------------------------------------- 
Fuel consumption may increase by one to one and a half percent due to 
additional backpressure. 

---------------------------------------------------------------------- 
S 156 - $3 12 (Assuming 2 - 4 hours labor per year.) 

_~_~~~~----------~~~~~~~~~~~~--~~~~~~~~~~~~~~~~~~~~--~~~~-~~~--~~~~~~~ 
Diesel particulate filters should be cleaned regularly. Because of their 
higher backpressures (e.g. 20 - 70+ in. WC.) and the potential for masking by 
lube oil ash, ARB staff expect that the periodic maintenance of DPFs will 
be more frequent and possibly more extensive than that of diesel oxidation 
catalysts. ARB staff expect that the maintenance costs listed above reflect 
the minimum. 
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Item 

1ertifications: 

Response - 

hrability: _ Manufacturers claim that the useful life of the technology can be as high as 
3ow long can the technology 8,000 to 12,000 service hours if properly maintained. However, this may be 
e expected to function under reduced when a C-DPF is installed on a poorly maintained engine with 
ormal operating conditions and leaking fuel injectors, a dirty intake air cleaner, excessive oil consumption 
till achieve the specified and/or lubricating oil in the exhaust. In addition, particulate matter can 
mission reductions?) build up on a C-DPF when an engine does not achieve the proper 

regeneration temperature for the proper duration (i.e. soot overloading). 
With this build up, if the C-DPF subsequently begins to regenerate, the 
collected particulate can oxidize uncontrollably and destroy the particulate 
filter. 

Varranty: Diesel particulate filters typically carry a 2,000 service hour warranty. 

iffect on Engine Warranty The technology imposes additional exhaust flow restrictions of between 20” 
When possible, identify an] to 70” of water column or more. In some applications, such as severe cyclic 
npact the technoloLq may have operations, the engine may not generate enough heat to oxidize the 
n an engine’s warranQ..) collected particulate matter and regenerate the filter. This can lead to soqt 

overloading and backpressures beyond the manufacturer’s recommended 
limit. The specific impact on an OEM engine warranty is not known. 

Ldverse Impacts: 
Environmental: See “Special Operating Requirements” section below. 

--------------------__________________I_------------------------------ 
Safety: No known adverse safety impacts. 

ipecial Operating As is the case with most processes that incorporate catalytic oxidation, the 
lequirements: formation of sulfates increases at higher temperatures. ‘Depending on the 
,e.g. ultra-low sulfur fuel or exhaust temperature and the sulfur content of the fuel, the increase in 
ninimum exhaust temperature. sulfate particles may offset a portion of the C-DPF’s particulate reductions. 
:tc...) In addition, sulfur dioxide can counteract the effect of the catalyst material 

and increase the C-DPF’s regeneration temperature. Diesel fuel with a very 
low sulfur content will maximize the emission reduction capability of this 
technology. 

------------------------------,--,,-,,,,------------------------------ 
C-DPFs must be selected for the specific engine and its associated duty 
cycle. All eniines must be able to maintain the minimum regeneration 
temperature (which varies by product) for at least 20% - 50% of the 
engine’s duty cycle. 

Current Status: 
11s the technolo_r! ;~\:::P’c-. :J! i> 
wailable, or is it htlli .:r..!:.- The technology is comm&cially available. According to the VERT study 
levelopment? 11,~ ::I.!: : [ 19991, C-DPFs have been installed on several thousand mobile 
:ngines has the rect~r:s~: :\ rxx-n diesel-fueled engines. The technology has also been installed on a few 
.nstalled on, and h,>i\ i Y. !,.I, stationary diesel-fueled engines. 
:he technology bwn IF 1.~ 1 
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Item 
I 

Response - 

Other: The size and weight of one manufacturer’s C-DPFs are as follows: 
[e.g. fuel penalty, reduced HP Diameter Leneth Weight 
product life, weight, affect on 40 8.1” 18.5” 17 lb 
engine performance, etc...) 100 9.6” 25.5" - 34 lb 

275 11.9” 30.6" 47 lb 
400 15.7" 34.2" 87 lb 
1,400 2@ 20.7" 38.2" 151 lb 
__-_____-_-_----_--------------------------------------------------~ 
The determination of whether or not a used C-DPF would be considered a 
‘“hazardous waste” depends on the material(s) used in the catalytic coating. 
C-DPFs can be manufactured with catalytic coatings such that the product 
would not be considered a hazardous waste at the end of its useful life. 
Further, the Deparunent of Toxic Substances Control currently regulates 
used automotive catalytic converters as scrap metal. as long as the catalyst is 
ieft in the converter shell during collection and transport and the converters 
are going for recycling. 
-----__----------_--------------------------------------------------- 
The ash residue associated with cleaning and maintaining a C-DPF would 
need to be tested before a hazardous waste determination could be made. 

[mpacts of Lower Sulfur 
Diesel Fuel 

Use of diesel fuel with a very low sulfur content will improve the 
technology’s particulate reduction effkiency. A recent study sponsored by 
the U.S. Department of Energy (DOE) found that fuel sulfur levels have a 
significant impact on the ability of C-DPFs to reduce particulate emissions. 
The study also concluded that fuel sulfur levels of less than 150 ppm are 
necessary in order to achieve reductions in particulate emission from some 
C-DPFs. 

Comments: 
IAddress other issues relevant 
:o the use of this technolo,T, 
including other advantages / 
Gsadvantages of using the 
:echnolo,T.) 

In addition to reducing particulate emissions, the technology also reduces 
carbon monoxide and hydrocarbon emissions. 

30 



DRAFT - DO NOT CITE OR QUOTE 

List of Applications 

1 Yb.L..“I”~J I.U...W. VLGW’, YVU u L”““l A -1 Cl”ULUCY I llCVl 

Facility / Engine Permit / Number of Time in PM Emission PM Epissiou Tesi 
Operator Information Registration Applications Service Limit Results 

Sierra Nevada 
Brewing 

Company, Inc. 
Chico, CA 

Make: Caterpillar Authority to 
Model: 3412 Construct 
Application: Generator No. SNB-99-09-AC 
Fuel Type: Shell Amber 363 Issued by Butte 
DPF: Engelhard DPX County AQMD 

Two C-DPFs 
installed on 
each of two 
emergency 

backup 
generators. 

Recent 
Installation 

0.0584 lb/br Emission testing 
completed in 
March 2000. 

Results pending. 

New York Make: Detroit Diesel n/a 22 Since n/a Pending 
Metropolitan Model: Series 50 February 

Transportation Application: Transit Bus 2000 
Authority’ Fuel Type: Reduced Sulfur 

Diesel (30 ppm S) 
DPF: Johnson Matthey CRT 

San Diego School Make: International n/a 5 w/ DPX Since n/a See List of 
District’ Model: 530E 5 w/ CRT December Emission Test 

Application: School Bus 1999 Results 
Fuel Type: ARC0 EC-D 
DPF: Engelhard DPX & 

Johnson Matthey CRT 

’ New York MTA Clean Diesel Demonstration Program. As part of this program, the New York MTA intends to evaluate the 
technology on twentyfive DDC Series 50 and twentyfive DDC 6V92 transit bus engines over a one year period. g 

ul 

* Fleet managed by Navistar as part of the ARC0 EC-D Demonstration Program. 
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Facility / Engine Permit / Number of Time in PM Emission PM Emission Tesl 
Operator Information Registration Applications Service Limit Results 

ARC0 Make: Cununins n/a 5 w/ DPX Unknown h See List of 
Distribulicv~’ Motlcl: M 1 I 5 w/ CRT Emission Test 

Applic;lticrn: ‘I’;~nhcr ‘l’rllck Results 
I IlC'l I\ IlC' Altc '() I.('-I, 

I )I’1 I~IqYlll;if~i III’9 s: 
l~‘1111\111~ ~l.llrlrc~\ ( ‘I< I 

l_il_._ ..__. .._ -. ~..___ ,-_- 
l~i~l~~ll\ ( ;tlrcVf! ’ Itisikc I)c.irtbil I )ICWI n/a 5 wl DPX Unknown 11/a See SAE paper 

htodcl: Series 00 5 w/ CRT 2000-01-1854 for 
Application: Grocery Truck detailed emission 
Fuel Type: ARC0 EC-D test results. 
DPF: Engelhard DPX & 

Johnson Matthey CRT 

Swedish PubIic 
Transportation 

Association 

Make: Unknown 
Model: Unknown 
Application: Transit Bus 
Fuel Type: Low Sulfur Diesel 
DPF: Johnson Matthey CRT 

n/a 1994: 10 Buses 
1996: 1,000 Buses 
1999: 2,000 Buses 
1999: 1,000 Trucks 

. 

3 Fleet managed by ARC0 as part of the ARC0 EC D-Demonstration Program. 

4 Fleet managed by the National Renewable Energy laboratory (NREL) as part of the ARC0 EC-D Demonstration Program. 
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List of Emission Test Results 

Technology Name: Catalyzed Diesel Particulate Filter 

Method & Source Test Product Engine Information Pollutant Baselinh; Emission Rate 1 Control 
rype of Test Company Information Emissions IV/ Controls Efficiency 

Central Environment Nett SF Soot Make: Navistar w/ oxidation 600 rpm Config. 
Business Canada, Filter Model: T444 Diesel-Electric catalyst 
District Emission Year: Not known PM 0.3 18, g/mile 0.036 g/mile 89% 
UW Research and Mfg. by Nett BHP: Not known NOx 10.66 g/mile II.16 g/mile -5% 

Measurement Technologies Application: Hybrid Diesel-Electric co 1.78 g/mile 0.12 g/mile 93% 
Division, Transit Bus HC 0.22 g/mile 0.04 g/mile 82% 
Report Configuration: Not known 

____________._______---------.---------------------------- 

#97-2677 1-3 Engine Hours: Not known wl ox:idation 750 rpm Config. 

(Unpublished) Fuel Type: Certification Diesel D2 catalyst 

Fuel Use: Not known PM 0.3 18 g/mile 0.027 g/mile 92% 

Exhaust Temp: Not known NOx 10.66.g/mile 10.62 g/mile 0% 
co 1.78 $/mile 0.13 g/mile 93% 
HC 0.22 g/mile 0.13 g/mile 41% 

Special Emissions DPX Make: Caterpillar PM 17.38 g/hr 0.59 g/hr 97% 
transient Research and Particulate Model: 988 NOx 290.72 g/hr 224.96 g/hr 23% 

cycle Measurement Filter Year: Unknown co 112.65 g/hr 35.67 g/hr 68% 
designed for Division, BHP: 320 HC 9.32 glhr 2.96 g/hr 68% 

a specific Environment Mfg. by Application: Wheel loader 
wheel loader Canada Engelhard Configuration: Unknown 
application.5 Corporation Engine Hours: Unknown 

Fuel Type: 530 ppm S Diesel 
Fuel Use: 15.8 kg/hr 
Exhaust Temp: Unknown 

5 Study reported in SAE Technical Paper #1999-01-0110 entitled “The Impact of Retrofit Exhaust Control Technologies on 
Emissions from heavy-Duty Diesel Construction Equipment.” 
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Method & Source Test Product Engine Information Pollutant Baseline Emission Rate Control 
fype of Test Company Information Emissions WI Controls Eftkienq 

IS0 8178 Cl Al3 Svensk CleanDiesel Make: Volvo PM 0.14 g/bhp-hr 0.02 g/bhp-ht 85% 
Motor Test Soot Filter Model: TD6 1 -G NOx 9.55 .g/bhp-hr 9.17 g/bhp-hr ’ 4% 

Center Year: Unknown co 2.33 g/bhp-hr 0.02 g/bhp-111 99% 
Mfg. by Clean BHP: 7X hp HC 0.22 g/bhp-hr 0.0 1 g/bhp-hr 97% 
Air Systems Application: Mobite Source 

Configuration: Unknown 
Engine Hours: Unknown 
Fuel Type: 50 ppm S MK-1 Diesel 
Fuel Use (tb/hp-hr): 0.376 / 0.380 
Exhaust Temp: Unknown 

European 
Stationary 

Cycle 
(01CA)6 

Engineering Catalyzed Make: Caterpillar 3 pptn Sulfur 3 upm Sulfur 
Test Services, Diesel Model: 3 126 PM 0.0613 g/hpht 0.003 1 g/hphr 95% 

Charleston, Particulate Year: 1998 or 1999 NOx 4.94 g/hphr 4.92 g/hphr 0% 
SC Filter BHP: 275 horsepower co 0.98 g/hphr 0.06 g/tlph 94% 

. Application: a/A HC 0.0542 g/hphr 0.0228 g/hphr 58% 
Configuration: Turbocharged & ------------.----------------.---------------------------- 

Aftercooled 30 porn Sulfur 30 ppm Sulfur 

Engine Hours: Not Reported PM 0.063 g/hpht 0.0 166 gAlpIll 74% 
Fuel Type: Diesel w/varying fuel NOx 4.98 g/hphr 4.8 g/hphr 4% 
sulfur levels co 0.96 g/hphl O-02 g/hphr 98% 

Fw] Use WWh: 0.35 - 0.36 ____ EC ____.___ a -___________._ - ______-____________ 6!%--_ 0 056 g/hphr 0.0182 g/hphr 
Exhaust Temp: Not Reported 150 ppm S 150 ppm Sulfur 

PM 0.0708 g/hphr 0.0707 g/hphr 0% 
NOx 4.85 glhphr 4.87 g/hphr 0% 
co 1.04 g/hphr 0.02 g/hphr 98% 
HC 0.0586 g/hphl 0.0 105 g/llplll 82%0 --1-------------1--------- ---------------- 

’ Emission test results reported in “Diesel Emission Control - Sulfur Effects (DECSE) Program, Phase I Interim Data Report 
No, 4: Diesel Particulate Filters - Final Report,” January 2000. 
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Method & Source Test Product Engine Information Pollutant Baseline Emission Rate Control 
rype of Test Company Information Emissions w/ Controls Efticiencg 

350 ppm S 350 ppm Sulfur 
PM 0.0793 g/hphr 0.176 g/hphr 1 -122% 

NOx 4.91 g/hphr 4.69 g/hphr 4% 
co 0.94 g/hphr 0.03 g/hphr 97% 
HC 0.0565 g/hphr 0.0 I94 g/hphr 66% 

European Engineering Continuously Make: Caterpillar 3 ppm Sulfur 3 ppm Sulfur 
Stationary Test Services, Regenerating Model: 3 126 PM 0.0613 g/hphr 0.0032 g/hphr 95% 

Cycle Charleston, Diesel Year: 1998 or 1999 NOx 4.94 g/hphr 4.96 g/hphr 0% 
(OICA)7 SC Particulate BHP: 275 horsepower co 0.98 g/hphr 0.1 g/hphr 90% 

Filter Application: N/A HC 0.0542 glhphr 0.0 136 g/hphr 75% 
Configuration: Turbocharged & 

___________-.-------------------------------------------- 
Aftercooled 30 ppm Sulfur 30 ppm Sulfilr 
Engine Hours: Not Reported PM 0.063 glhphr 0.0 176 g/hphr 72% 

Fuel Type: Diesel wl varying fuel NOx 4.98 g/hphr 4.84 g/hphl 3% 

sulfur levels co 0.96 g/hj$r 0.06 g/hphr 94% 
Fuel Use (Ibhp-hr): 0.35 - 0.36 HC .________________.___L_____________----~!%--- 0.056 g/hphr 0 0052 g/hphr 

Exhaust Temp: Not Reported 150 pptn S 150 ppm Sulfur 
PM 0.0708 g/hphr 0.0729 g/hpht -3% 

NOx 4.85 g/hphr 4.88 g/hphr -1% 
co 1.04 g/h&r 0.06 g/hphr 94% 
HC 0.0586 g/hphr 0.0 189 g/hphr 68% ____________.__________r_____--_------------------------- 

350 rjpm S 350 ppm Sulfur 
PM 0.0793 g/hphr 0.2025 g/hphr -155% 

NOx 4.9 1 g/llpllr 4.8 1 g/hphr 2% 
co 0.94 g/h$r 0.05 g/hphr 95% 
HC 0.0565 g/hphr 0.0064 g/hphr 890/d 

7 Emission test results reported in “Diesel Emission Control - Sulfur Effects (DECSE) Program, Phase I lnterim Data Report 
No. 4: Diesel Particulate Filters - Final Report,” January2000. 
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Method & Source Test Product Engine Information Pollutant Baseline Emission Rate Coutrol 
rypc of Test Company Information Emissions w/ Controls Efficieucy 

Federal Test Southwest One individual Make: Detroit Diesel Corporation DPF “A” 
Procedure’ Research Diesel Model: DDC 6067TK60 PM 0.073 g/bhp-hr 0.022 g/bhp-hr 1 70% 

Institute, Inc. Particulate (DDC Series 60) NOx 3.99 I g/bhp-ht 3.960 g/bhp-hr 1% 
Pi hers Year: 1998 co 1. I 1 I g/bhp-hr 0.403 g/blip-hr 64% 

BHP: 400 hp HC 0. I I5 g/bhp-hr 0.006 g/blip-hr 95% 
Application: Heavy Duty Vehicle 
Configuration: Turbocharged & 

Aftercooled 
Engine Hours: Not Reported 
Fuel Type: 368 ppm S Diesel 
Fuel Use (Ib/bhp-hr): 0.393 - 0.401 
Exhaust Temp: Approx l OO-800°F 

Federal Test Southwest Two Individual Make: Detroit Diesel Corporation DPF “B” 
Procedure ’ Research Diesel Model: DDC 6067TK60 PM 0.063 g/bhp-hr 0,008 g/bhp-hr 87% 

Institute, Inc. Particulate (DDC Series 60) NOx 3 .X3 6 g/blip-hr 3.90 1 g/bhp-ht -2% 
Filters Year: 1998 co I .200 g/bhp-hr 0.077 g/bhp-hr 94% 

BHP: 400 hp HC 0. IO9 g/bhp-hr 0.005 g/blip-hr 95% 
Appficatio~l: Heavy Duty V&i& ____1_11____._1___1_e----------.---------------------------- 
Configuration: Turbocharged & DPF “A” 

Aftercooled PM 0.063 g/blip-hr 0.006 g/bhp-hr 90% 
Engine Hours: Not Reported NOx -6% 
Fuel Type: 54 ppm S Diesel 

3.836 g/blip-hr 4.062 g/blip-hr 
CO 1.200 glbhp-hr 0.267 g/bhp-hr 78% 

Fuel Use (Ib/bhp-hr): 0.396 - 0.402 HC 0.109 g/bhp-ht 0.0 19 g/bhp-ht 83% 

’ The FTP emission test information was presented in the May 1999 report “Detnonstrafion of Advanced Emission Control Technologies 
Enabling Diesel-Powered Heavy-Duty Engines to Achieve Very Low Emission Levels” prepared for the Manufacturers of Etnission Controls 
Association by Southwest Research Institute, Inc. 
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Method & Source Test Product Engine Information Pollutant Baseline Emission Rate Control 
I’ype of Test Company Information Emissions w/ Controls Efticienc! 

Federal Test Southwest Continuously Make: Detroit Diesel Corporation 500 num S 100 porn S 
Procedure’ Research Regenerating Model: 6V92TA MU1 PM 0.44 g/bhp-hr 0.03 g/blip-hr 1 93% 

Institute, Inc. Trap (CRT) by Year: 1986 NOx IO.5 g/bhp-hr 10.3 g/blip-hr 2% 
Johnson BHP: 253 hp co 1 .O g/bhp-hr 0.1 g/blip-hr 90% 
Matthey Application: Transit Bus HC 0.7 g/bhp-hr 0. I g/blip-hr 86% 

Configuration: Turbocharged & 
Aftercooled 

Engine Miles: Over 300,000 miles 
Fuel Type: 2-D Certification Diesel 
Fuel Use (Ib/hr): 64.8 - 66.6 
-Exhaust Temp: Not Reported 
Note: Pre-Rebuild w/ CRT & 

Uninsulated 

City- 
Suburban 

heavy 
Vehicle 
Route 

(CSHVR)” 

West 
Virginia 

University 

Engelhard 
DPX 

Particulate 
Filter 

Make: International 
Model: 530E 
Year: 1988 
BHP: 275 hp 
Application: School Bus 
Configuration: Not Reported 
Engine Miles: Not Reported 
Fuel Type: ARC0 EC-D 
Fuel Use (mpg): 4.68/5.09 

4.4614.49 
Exhaust Temp: Not Reported 

Bus 3 Bus 3 ~R1l.s 3 
PM 0.180 g/mile 0.000 g/mile 100% 

NOx 18.14 g/mile 16.05 g/mile II% 
co 2.06 g/mile 0. I I g/mile 95% 
HC 0.466 g/mile 0.000 g/mile 100% 

------------.----------------.------------------__________ 
Bus 4 

PM ‘0.192 g/mile 
Bus 4 Bus 4 

0.000 g/mile 100% 
NOx 18.11 g/mile 16.45 g/mile 9% 
co 2.45 g/mile 0. I8 g/mile 93% 
HC 0.487 g/mile 0.000 g/mile 100% 

9 The emission test information was submitted to support Johnson Matthey’s application for certification of a Low Sulfur 0. I g/bhp-hr 
PM Emissions Reduction Rebuild Kit for all transit engines. 

lo Emission test results reported in SAE paper 2000-01-1854 entitled “EC-Diesel Technology Validation Program Interim Report.” 
(Unpublished) 
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Method & Source Test Product Engiue Information Pollutaut Baseline Emissiou Rate Coutrol 
rype of Test Company Information Emissions w/ Controls Efficieucy 

City- West Johnson Make: Cummins 3 Truck Truck 3 3 Truck 
Suburban Virginia Matthey CRT Model: Ml 1 PM 0.5 10 g/mile 0.015 g/mile ’ 97% 

heavy University Particulate Year: 1995-96 NOx 14.05 g/mile 12.49 g/mile 11% 
Vehicle Filter BHP: 330 hp co 3.25 g/mile 0.49 g/mile 85% 

Route Application: Tanker Truck HC 1.026 g/mile 0.068 g/mile 93% 

(CSHVR)” Configuration: Not Reported ------------.-------________1____1____1_----------------- 

Engine Miles: Not Reported Truck 4 Truck 4 Truck 4 
Fuel Type: ARC0 EC-D PM 0.613 g/mile 0.037 g/mile 94% 
Fuel Use (mpg): 5.920.53 & NOx 15.26 g/mile 15.37 g/mile -1% 

4.7914.95 co 2.53 g/mile 0.15 g/mile 94% 
Exhaust Temp: Not Reported HC 1.456 g/mile 0.153 ghnile 89% 

” Emission test results reported in SAE paper 2000-01-l 854 entitled “EC-Diesel Technology Validation Program luterim Report.” 
(Unpublished) 
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Product Vendor: 

Vendor Address: 

DRAFT - DO NOT CITE OR QUOTE 273 

DFUFT Control Technology Evaluation _ 

Response 

Platinum Plus@ DFX Fuel Borne Catalyst + Diesel Particulate Filter 

Clean Diesel Technologies, Inc. 

300 Atlantic Street, Suite 702 
Stamford, CT 0690 l-3522 

Product Description: 
(What is the product, and how 
does it work?) 

The technology involves combining the use of a concentrated liquid 
fuel-borne catalyst (FBC) with an uncatalyzed or lightly catalyzed Diesel 
Particulate Filter (DPF). The technology reduces particulate matter 
emissions through catalytic oxidation and filtration. The FBC contains low 
doses (i.e. 4 ppm - 8 ppm) of platinum and cerium that work together to 
improve particulate oxidation within the combustion chamber and to lower 
the temperature at which regeneration occurs within a DPF. While similar 
to a catalyzed DPF, an FBC enhances DPF regeneration by encouraging 
better contact between the particulate matter and the catalyst material. The 
FBC+DPF combination reduces both the carbonaceous and soluble organic 
fractions of diesel PM. 

Applicability: 
(What types of engines can the 
product be installed on?) 

Manufacturer’s Emission 
Reduction Claim: 
(What level of emission 
reduction can be achieved?) 

The technology can be applied to all stationary and portable diesel-fueled 
engines rated at 5,000 horsepower or less, and can be retrofitted to existing 
equipment. However, the technology may not be appropriate for 
applications where an engine and its associated duty cycle do not generate 
enough heat to oxidize the collected particulate matter and regenerate the 
filter. For example, the FBC+DPF combination may not be appropriate for 
engines with exhaust temperatures routinely below 540°F. The FBC 
manufacturer recommends that an FBC+DPF equipped engine operate such 
that the exhaust gas temperatures reach 660°F for at least 20 minutes during 
each 8 hour period of operation. 

The manufacturer claims that the technology reduces particulate emissions 
by 70% - 95%. 

Emission Reduction 
Guarantee: 

Certifications: 
(Identify certifications the 
product has received, and 
explain any limits on those 
certifications.) 

The manufacturer’s emission reduction guarantee depends on the engine’s 
baseline emission level. 

Platinum Plus is registered by the U.S. Environmental Protection Agency as 
a diesel fuel additive. 

Emission Test Results: Ewine Make/Model Test Cvcle PM Reduction 
(Summarize emission test ‘DDC Series 60 FTP Transient 57% - 96% 
results and describe in detail on Cummins 6BTA FTP Transient 95% 
the attached table.) Cummins N- 14 FTP Transient 79% 
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Item 

costs: 
Initial Retail: 

Response - 

The cost of uncatalyzed or lightly catalyzed particulate filters varies by 
engine size as follows: $1,300 for a 40 hp engine; $2,000 for a 100 hp 
engine; $3,500 for a 275 hp engine; $7,000 for a 400 hp engine; and 
$30,000 for a 1,400 hp engine. The cost of on .board dosing systems is 
approximately $1,500 - $3,000 for a field retrofit, and 
$500 - $1,000 if factory installed. 

Installation: 

Operating: 

Maintenance: 

Comments: 

_-__I------------_-_-------------------------------------------------- 
$167 - $518 (Assuming 1.5 - 6 hours x $78/l-n + $50 in mist parts.) 

_--___---------~~--_-~~~~~~-~~---~--~-~~~~~~----------~~~~~~~~~---~~~~ 
The cost of the FBC is $0.05 - $0.10 per gallon of diesel for bulk treatment 
or on-board dosing, and $0.10 - $0.15 per gallon of diesel for individually 
packaged products (quart or gallon containers). 

-----~_~~--__-_~~~~~__________________I_~~~~~~~~-----~~~~~~~-~~ ------- 
$156 - $3 12 (Assuming 2 - 4 hours labor per year.) 

-----------_I__------------------------------------------------ ------- 
Diesel particulate filters should be cleaned regularly. Because of higher 
backpressures and the potential for masking by lube oil ash, ARB staff 
expects that the periodic maintenance of DPFs will be more frequent and 
possibly more extensive than that of diesel oxidation catalysts. ARB staff 
expects that the maintenance costs listed above reflect the minimum. 

Durability / Product Life: The manufacturer states that the shelf life of Platinum Plus, when packaged 
:How long can the technology individually, is 24 months, and that its shelf life is 12 - I8 months when 
ae expected to function under mixed with diesel fuel. 
normal operating conditions and -------------------------------------------------------------------- 

still achieve the specified Manufacturers claim that the useful life of a DPF can be as high as 8,000 to 

:mission reductions?) 12,000 service hours if properly maintained. However, this may be reduced 
when a DPF is installed on a poorly maintained engine with leaking fuel 
injectors, a dirty intake air cleaner, excessive oil consumption and/or 
lubricating oil in the exhaust. In addition, particulate matter can build up on 
a DPF when an engine does not achieve the proper regeneration temperature 
for the proper duration (i.e. soot overloading). With this build up, if the 
bPF subsequently begins to regenerate, the collected particulate matter can 
oxidize uncontrollably and destroy the filter. Because the product lowers 
particulate oxidation temperatures, it can reduce the risk of plugging and 
uncontrolled regeneration. 

Product Warranty: DPFs typically carry a 2,000 service hour warranty. 

4ffect on Engine Warranty: The engine manufacturer should be contacted to determine the specific 
When possible, identify any impact of an FBC+DPF combination on an OEM engine warranty. 
.mpact the technolo,T may have 
313 an engine warranty.) 

Adverse Impacts: 
Environmental: 

Safety: 

One FTP emission test suggests that the application of the FBC+DPF 
combination on an engine equipped with exhaust gas recirculation (EGR) 
may increase hydrocarbon emissions. See Comments section. 

-_____---------------------------------------------------------- ------ 

There are no known adverse safety impacts. 
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Item Response 

Special Operating The FBC manufacturer recommends that an FBC+DPF equipped engine 
Requirements: operate such that the exhaust gas temperatures reach 660°F for at least 20 
1e.g. ultra-low sulfur fuel or minutes during each 8 hour period of engine operation. In addition, the 
minimum exhaust temperature, exhaust temperature should be maintained below 930°F to avoid and/or 
SC...) minimize sulfation. 

Current Status: 
[Is the technology commercially The technology is commercially available and has been applied to over 100 
available, or is it still under city buses in Taiwan, six buses in Hong Kong, and twelve pieces of 
development? How many construction and mining equipment in Germany and Switzerland. 
engines has the technology been 
installed on, and how long has 
the technology been in use?) 

Other: 
(e.g. fuel penalty, reduced 
product life, weight. affect on 
engine performance. etc...) 

The available emission test data shows that fuel economy varies from an 
increase of 2% to a decrease of 3%. 

Impacts of Lower Sulfur 
Diesel Fuel 

Although the technology can be applied to existing California diesel fuel 
formulations with sulfur contents up to 500 ppm, the use of low sulfur 
diesel fuel should improve the emission reduction efficiency of this 
technology. 

Comments: 
(Address other issues relevant 
to the use of this technology. 
including other advantages / 
disadvantages of using the 
technology.) 

The FBC+DPF technology appears to have a variable effect on hydrocarbon 
emissions. When tested on a DDC Series 60 engine equipped with EGR, 
hydrocarbon emissions increased by approximately 150% although the 
emissions did not exceed the applicable NOx+HC standard. However, other 
tests on the same engine without EGR show hydrocarbon reductions of 57% 
- 82%. When tested on a Cummins N-14 engine, hydrocarbon emissions 
were’reduced by 80%, and when tested on a Cummins 6BTA engine, they 
were reduced by 64%. 

_-______-----___------------------------------------------------------ 
The manufacturer suggests that, when used with a lightly catalyzed DPF, 
the FBC+DPF combination can dramatically reduce both hydrocarbon and 
carbon monoxide emissions. In addition to selecting a precatalyzed DPF, a 
filter can be lightly catalyzed by conditioning it for 20 hours on FBC treated 
fuel. 
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List of Stationary &/or Portable Applications 

Technology Name: Platinum Plus Fuel Borne Catalvst f Diesel Particulate Filter 

Facility / 
Operator 

Engine 
Information 

Permit / Number of 
Registration Applications 

There are no Make: 
known stationary Model: 
or portable Application: 
applications of this Fuel Type: 
technology. I I I 

Time in 
Service 

PM Emission PM Emission Test 
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List of Emission .Test Results 

Technology Name: Platinum Plus Fuel Borne Catalyst + Diesel Particulate Filter 

Method & Source Test Product Engine Information Pollutant Baseline Emission Rate 1 Control 
Qpe of Test Company Information Emissions w/ Controls Efficiency 

FTP Soulhwest Clean Diesel Make: Detroit Diesel Corporation PM 0.204 g/bhp-hr 0.009 g/bhp-hr 96% 
Transient Research Technology Model: Series 60 NOx 2.492 g/bhp-hr 2.3 12 g/bhp-hr 7% 

Institute Platinum Year: 1998 co 2.528 g/blip-hr 1.863 g/bhp-111 26% 
Plus DFX BHP: 400 HC 0.063 g/bhp-hr 0.156 g/bhp-hr -148% 

+ Application: Heavy Duty Vehicle 
Diesel Configuration: Turbocharged, 

Particulate Aftercooled, EGR 
Filter Engine Hours: Not Reported 

Fuel Type: No. 2 Diesel (368 ppm S) 
Fuel Use (tb/hp-hr): 0.408 / 0.400 
Exhaust Temp: Not Reported 

FTP 
Transient 

Southwest 
Research 
Institute 

Clean Diesel Make: Detroit Diesel PM 0.074 g/bhp-hr 0.0 I4 g/blip-hr 81% 
Technology Model: Series 60 NOx 4.05 I g/bhp-hr 4.048 g/bhp-hr 0% 

Platinum Year: 1998 co 1.128 g/bhp-hr 0.658 g/bhp-111 42% 
Plus DFX BHP: 400 HC 0.146 g/bhp-hr 0.049 g/bhp-hr 66% 

+ Application: Heavy Duty Vehicle 
Diesel Configuration: Turbocharged 

Particulate Engine Hours: Not Reported 
Fitter Fuel Type: Diesel (350 ppm S) 

Fuel Use (tb/hp-hr): 0.403 / 0.409 
Exhaust Temp: Not Reported * 
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Method & Source Test Product Engine Information Pollutant Baseline Emission Rate Control 
rype of Test Company Information Emissions w/ Controls Efficiency 

FTP Solltllwest Clean Diesel Make: Detroit Diesel PM 0.074 g/bhp-hl 0.017 g/bhp-hr 77% 
Transient Rcscarch ‘I’ecllllotogy Model: Series 60 NOx 4.05 I g/bhp-ill 3.969 g/bhp-hr 1 2% 

tn\1illlfc I’lntiuum Year: 1998 CO I .128 g/bhp-hi 0.665 g/bhp-hr 41% 
J’hrk I )I.‘S flJ II’: 400 I IC 0. I46 g/bhp-111 0.07 I g/bhp-111 51% 

0 ,~pplic;lliot~~ I lcnvy I)\tty Vcljiclc 
I )I(. 4’1 ( otiJigIIr;IIiclil: ‘t‘~~~~boct~;~rgctt 

t’;lltlLlll,ltc J ngirlc I tours: Not Rcpor~ctt 
t~iltsr t:uct ‘I‘ypo: IXCSCI (350 ppm S) 

i:uel Use (Ib/hp-hr): 0.403 / 0.4 16 
Exhaust Temp: Not Reported 

FTP 
Transient 

Southwest 
Research 
Institute 

Clean Diesel Make: Detroit Diesel PM 0.074 g/bhp-ht 0.032 g/blip-hr 57% 
Technology Model: Series 60 NOx 4.05 I g/bhp-hr 3.953 g/bhp-hr 2% 

Platinum Year: 1998 CO 1.128 g/bhp-1~1 0.4 I I g/bhp-hr 64% 
Plus DFX BHP: 400 HC 0. I46 ghhp-Ill 0.032 g/bhp-hr 78% 

f Application: Heavy Duty Vehicle 
Catalyzed Configuration: Turbocharged 

Diesel Engine Hours: Not Reported 
Particulate Fuel Type: Diesel (350 ppm S) 

Filter Fuel Use (tb/hp-hr): 0.403 / 0.400 
Exhaust Temp: Not Reported 

FTP 
Transient 

Southwest 
Research 
Institute 

Clean Diesel Make: Detroit Diesel 
Technology Model: Series 60 

Ptatinum Year: 1998 PM 0.060 g/bhp-111 0.0 I3 g/blip-hr 78% 
Plus DFX BHP: 400 NOx 3.68 1 g/blip-hr 3,786 g/bhp-1~1 3% 

-I- Application: Heavy Duty Vehicle co 0.927 g/bhJ-‘-Ill 0.342 g/bhp-hr 63% 
Lightly Configuration: Turbocharged HC 0.098 g/bhp-ht 0.018 g/blip-hr 82% - 

Catalyzed Engine Hours: Not Reported 
Diesel Fuel Type: CARB Diesel (50 ppm S) 

Particulate Fuel Use (lb/tip-hr): 0.390 / 0.408 
Filter Exhaust Temp: Not Reported 
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Method & Source Test Product Engine Information Poliu tan t Baseline Emission Rate Control 
I’ype of Test Company Information Emissions w/ Controls Efficiency 

FTP Cummins Clean Diesel Make: Cummins PM 0.23 1 g/bhp-hr 0.01 I g/bhp-hr 95% 
Transient Engine Technology Model: Encore 6BTA NOX 2.64 g/blip-hr 2. I4 g/blip-hr 19% 

Company Platinum Year: 1996 co I .44 g/bhp-hr I .39 g/blip-hr 3% 
Plus 3 1ooc BHP: 225 HC 0.22 g/bhp-hr 0.08 g/bhp-hr 64% 
& Rhone- Application: Medium Duty Vehicle 
Poulenc Configuration: EGR 

Eolys DPX9 Engine Hours: 400 hrs 
+ I:uel Type: Diesel (350 ppm S) 

Diesel Fuel Use (Ib/hp-hr): Not Reported 
Particulate Exhaust Temp: Not Reported 

Filter 

FTP 
Transient 
(Hot Start 

Only) 

Southwest Platinum Make: Cummins PM 0.100 g/blip-hr 0.02 1 g/blip-hr 79% 
Research Plus DFX Model: N- 14 NOx 3.869 g/blip-hr 3.628 g/blip-hr 6% 
Institute + Year: 1998 co 0.505 g/blip-hr 0.487 g/blip-hr 4% 

Diesel BHP: 370 HC 0.174 g/bhp-hr 0.035 g/blip-hr 80% 
Particulate Application: Heavy Duty Vehicle 

Filter Configuration: Not Reported 
Engine Hours: 1000 
Fuel Type: Diesel 
Fuel Use (Ib/hp-hr): 0.393 / 0.391 
Exhaust Temp: Not Reported 
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DRAFT Control Technology Evaluation - 

Item Response 

Technology: - Diesel Oxidation Catalyst 

Technology Description: The technology reduces carbon monoxide (CO), hydrocarbons (HC), and 
(How does it work?) the soluble organic fraction (SOF) of diesel particulate matter through 

catalytic oxidation. In the presence of a catalyst material and oxygen, CO, 
HC, & SOF undergo a chemical reaction and are converted into carbon 
dioxide and water. Some manufacturers integrate hydrocarbon traps 
(zeolites) and sulfate suppressants into their oxidation catalysts. 
Hydrocarbon traps enhance HC reduction efficiency at lower exhaust 
temperatures and sulfate suppressants minimize the generation of sulfates al 
higher exhaust temperatures. 

Applicability: The technology is available for stationary and portable diesel-fueled engine: 
(What types of engines can the between four horsepower and 5,000 horsepower and can be retrofitted to 
product be installed on?) existing equipment. 

Achieved Emission Product Test Cvcle PM Reduction 
Reductions: Net? D-Series 5-Mode Steady State 21% 
(Summarize emission test CEP Dieselytic SX g-Mode Steady State 16% 
results and describe in detail on Engelhard PTX Special Transient 24% 
the attached table.) Engelhard CMX FTP Transient 30% 

Emission Reduction The emission reduction efficiency of this technolo,T depends on the 
Guarantee: associated engine’s baseline emissions, fuel sulfur content and emission test 

method / cycle. As such, diesel oxidation catalyst (DOC) manufacturers do 
not provide emission reduction guarantees. 

Certifications: 
CIdentify certifications the 
Iechnology has received, and 
explain any limits on the 
:ertifications.) 

Several models have been certified under EPA’s Urban Bus 
Retrofit/Rebuild program. 

Product Costs: 
Initial Retail: 

Installation: 

Operating: 

Maintenance: 

Zomments: 

’ The initial cost range is: $400 - $600 for a 40 bp engine; $680 - $1,356 for a 
100 hp engine; $2,100 - $2,600 for a 275 hp engine; $2,800 - $3,700 for a 
400 hp engine; and $10,000 - $20,000 for a 1,400 hp engine. 
------------_-----_-------------------------------------------------- 
Approx. $167 (Assuming 1.5 hours x $78/hr + $50 in mist parts.) 
~--~~_~~~----~-_~~~_-~~~~~~~~~-~~~--------~~~~~--~~-~~~~---~~~~~~-~-~ 
None 
--_---_----__--__---________I___________----------------------------* 
$64/year - $712/year (AssumeS $50 - $100 for thermal cleaning and 1 hour 
labor (at $78/hour): once every other year to 4 times per year, depending on 
manufacturer recommendations and application) 

---------_------------------------------------------------------------ 
The technology requires periodic maintenance which may include thermal 
cleaning. The frequency of the maintenance depends on the manufacturer 
and application and varies from biennially to four times per year. The 
maintenance costs above reflect this schedule. 
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Item Response 

Durability: Manufacturers claim that the useful life of the technology depends on the 
(How long can the technology application, and that it varies between 4,000 and 10,000 service hours. 
be expected to function under However, the useful life generally appears to be consistent with the rebuild 
normal operating conditions and cycle of the associated engine: one manufacturer recommends replacing the 
still achieve the specified catalyst at the time an engine is rebuilt. Another manufacturer claims that 
emission reductions?) their product’s useful life can extend to, 25,000 service hours, but this 

depends on the condition of the engine, type of fuel and maintenance 
practices. 

Product Warranty: 
(Identify the type of warranty 
and its duration.) 

Diesel oxidation catalysts, typically carry a 2,000 service hour warranty. 

Affect on Engine Warranty: The technology imposes additional exhaust gas flow restrictions of between 
(When possible, identify any 4 - 11 inches of water column; however, the additional restriction is 
impact the technology may have expected to be within the manufacturer’s specifications. As such, the 
on an engine’s warranty.) technology is not expected to have an impact on an OEM engine warranty. 

Adverse Impacts: As is the case with most processes that incorporate catalytic oxidation, the 
Environmental: formation of sulfates increases at higher temperatures. Depending on the 

exhaust temperature and the sulfur content of the fuel, the’increase in 
sulfate particles may offset the reductions in SOF emissions. This effect 
can be minimized by using diesel fuel with a very low sulfur content. -----------_---------------------------------------------------------- 

Safety: There are no known adverse safety impacts. 

Special Operating One manufacturer recommends cleaning their product every 6 months or 
Requirements: 2,000 service hours (whichever occurs first) when it is installed on newer 
(e.g. ultra-low sulfur fuel or engines, and every 3 months or 1,000 service hours (whichever occurs first) 
minimum exhaust temperature, when it is installed on older engines. The catalyst can be cleaned by the 
etc...) engine operator by either: 1) applying a compressed air stream to the face of 

the catalyst; 2) heat treating the catalyst core; or 3) soaking the catalyst,in 
an appropriate solvent. 

Current Status: 
(Is the technology commercially The technology is commercially available and has been installed on tens of 
available, or is it still under thousands of mobile diesel-fueled engines. The technology has also been 
development? How many applied to several stationary diesel-fueled engines. 
engines has the technology been 
installed on, and how long has 
the technology been in use?) 
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Item 

Qther: 
1e.g. fuel penalty, reduced 
Jroduct life, weight, affect on 
:ngine performance, etc...) 

Response - 

The typical size and weight of DOCs vary as follows: 
HP Diameter Len&h Weipht 
40 3.6” - 4.6” 8.4” - 9.0” 1.8 lb - 6 ib 
100 5.6” --6.6” 10.2” -‘lOS” 4 lb- 15 lb 
275 8.8” - 8.9” 18” 14.8 lb - 32 lb 
400 8.8” - 11.9” 18” - 20” 20.3 lb - 37 lb 
1,400 243 8X’ - 14.9” 20” - 20.8” 29.8 lb - 58.5 lb 

--_---_------_-__----------------------------------------------------. 
The determination of whether or not a used DOC would be considered a 
“hazardous waste” depends on the material(s) used in the catalytic coating. 
DOCs can be manufactured with catalytic coatings such that the product 
would not be considered a hazardous waste at the end of its useful life. 
Further, the Department of Toxic Substances Control currently regulates 
used automotive catalytic converters as scrap metal as long as the catalyst iz 
left in the converter shell during collection and transport and the converters 
are going for recycling. 

------_--_--__-------------------------------------------------------- 
The ash residue associated with cleaning and maintaining a DOC would 
need to be tested before a hazardous waste determination could be made. 

impacts of Lower Sulfur 
Xesel Fuel 

Use of diesel fuel with a very low sulfur content will improve the 
technology’s particulate reduction efficiency. One manufacturer 
recommends using diesel fuel with a maximum sulfur content of 500 ppm 
and an aromatics content of less than 18%. A second manufacturer suggest: 
that using diesel fuel with a sulfur content of less than 500 ppm wiil 
enhance the durability and performance of their product. 

Zomments: 
Address other issues relevant 
o the use of this technology, 
n&ding other advantages / 
lisadvantages of using the 
echnolo,q.) 

In addition to reducing, the soluble organic fraction of diesel particulate 
matter, the product also reduces carbon monoxide and hydrocarbon 
emissions. 
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List of Applications 

TechnoloPv Name: Diesel Oxidation Catalvst 

Facility I 

I 

Engine 

I 

Permit / 
Operator Information Registration 

New York City 
Metropolitan 

Transportation 
Authority 

Make: Detroit Diesel 
Model: Series 50 & 6V92 
Application: Transit Bus 
Fuel Type: No. 1 Diesel / 
Kerosene (350 ppm Sulfur) 

N/A 

Golden Gate 
Transit, 

San Rafael, CA 

Make: Detroit Diesel 
Model: 6V92 
Application: Transit Bus 
Fuel Type: CARB Diesel 

N/A 

Motorola - 
Oak Hill Site, 
Austin, Texas 

Make: Caterpillar 
Model: 3516 
Application: Backkup 

Generator 
Fuel Type: Diesel 

1 DOC: Johnson Matthey I 

N/A I 

Number of 
Applications 

PM Emission PM Emission Tesl 

All 4,400 
Urban Transit 

Buses 
Operated by 
NYC MTA 

Since 
1993 

0.05 g/bhp-Iv 
to 

0. I g/blip-hr 

90 Urban 
Transit Buses 

Sitice 
early 
1990’s 

Unknown I N/A 

6 Years 
(Installed 
April ‘94) 

N/A Unknown 
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List of Emission Test ResuIts 

Technology Name: Diesel Oxidation Catalvst 
-_ 

Method & 
Ty11e of Test 

S-mode 
steady-state 

I 

Source Test Product Engine Information Pollutnnt Bascliuc Emission Rate ’ Control 
Company Informdoll Emissions IV/ Controls Efficiency 

Canada Dieselytic Make: Deutz PM 100.6 tng/nQ 84.9 tng/m3 16% 
Center for SX Exhaust Model: F6L-9 12W NOX 835.3 pptn 835.0 pptn 0% 
Mining and Gas Purifier Year: 1979 CO 29 I .2 pptn 118.9 pptn 59% 

Minerals BHP: 75.4 bhp HC 130.1 pptn 79.5 pptn 39% 
Technology Mfg. by: Application: Underground mining 
July 1998 Catalytic Configuration: Naturally aspirated 

Exhaust Engine Hours: Approx. 2,000 hours 
Products Fuel Type: 250 pptn Sulfur Diesel 
Limited Fuel Use: 3 1.9 Ib/hr 

Exhaust Tetnp: 146°F - 880°F 

IS0 8178-D2 
5.-mode 

steady-state 

Not Publicly Nett DH422 Make: Ford PM 0.5656 g/bhp-hr 0.4475 g/blip-hr 21% 
Available’* Diesel Model: 5.0 liter NOx 6.468 g/bhp-hr 6.429 g/blip-hr 1% 

Purifier Year: Unknown co 1. I08 g/bhp-hr 0.214 glbhp-hr 81% 
BHP: 150 HC 0.489 g/blip-hr 0.067 g/blip-hr 86% 

Mfg. by: Application: Generator 
Neti Configuration: Unknown 

Technologies Engine Hours: Unknown 
Fuel Type: Diesel 
Fuel Use: Unknown 
Exhaust Temp: 933°F 

I2 The manufacturer has requested that the name of the cotnpany that perfortned the emission tests be withheld from publication. 
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Method & Source Test 
Type of Test Company 

IS0 8 178-D2 
5-mode 

steady-state 

rransient cycle 
designed for a 

specific 
bulldozer 

application.14 

Federal Test 
Procedure 

Not Publicly 
AvailableI 

Emissions 
Research and. 
Measurement 

Division, 
Environment 

Canada 

Engine 
Research 
Center, 

Department of 
Mechanical & 

Aerospace 
Engineering, 
West Virginia 

University 

Product 
Information: 

Nett DH3 I2 
Diesel 
Purifier 

Mfg. by: 
Nett 

Technologies 
Inc. 

PTX 
Oxidation 
Catalyst 

Mfg. by: 
Engelhard 

Corporation 

CMX Diesel 
Oxidation 
Catalyst 

Mfg. by: 
Engethard 

Corporation 

Engine Information 

Make: Ford 
Model: 5.0 liter 
Year: Unknown 
BHP: I50 
Application: Generator 
Configuration: Unknown 
Engine Hours: Unknown 
Fuel Use: Unknown 
Exhaust Temp: 948°F 

Make: Cummins 
Model: TD-256 
Year: Unknown 
BHP: 450 
Application: Bulldozer 
Configuration: Unknown 
Engine Hours: Unknown 
Fuel Type: 530 ppm S Diesel 
Fuel Use: 34.36 kg/hr 
Exhaust Temp: Unknown 

Make: Cummins 
Model: L- IO 
Year: 1992 
BHP: 280 
Application: Urban Bus 
Configuration: Electronic Controls 
Engine Hours: Unknown 
Fuel Type: Diesel - 500 ppm S max 
Fuel Use (lb/blip-hr): 0.373 / 0.368 
Exhaust Temp: Unknown 

Pollutant 

PM 
NOx 
co 
HC 

PM 
NOx 
co 
HC 

PM 
NOx 
co 
HC 

Baseline 
Emissions 

0.5656 g/blip-hr 
6.468 g/bhp-hr 
I . I08 g/bhp-hr 
0.489 glbhp-hr 

62.54 g/hr 
87 I .03 g/hr 
302.37 glhr 
42.95 g/hr 

0. I05 g/blip-hr 
5.045 g/bhp-hr 
I .467 g/blip-hr 
0.260 g/bhp-hr 

Emission Rate 
w/ Controls 

0.52 I g/bhp& 
6.943 glbhp-hr 
0.245 g/blip-hr 
0. I2 1 g/bhp-hr 

47.40 g/hr 
886.60 g/hr 
214.15 g/hr 
43.3 I g/hr 

0.073 g/bhp-hr 
4.874 g/blip-hr 
0.759 g/blip-hr 
0.127 g/blip-hr 

Control 
Efficienq 

8% 
-7% 
78% 
75% 

24% 
-2% 
29% 
- I % 

30% 
3% 

48% 
51% 

I3 The manufacturer has requested that the name of the company that performed the emission tests be withheld from publication. 

l4 Study reported in SAE Technical Paper # 1999-01-01 IO entitled “The Impact of Retrofit Exhaust Control Technologies on Emissions 
from Heavy-Duty Diesel Construction Equipment.” 
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Method & 
Type of Test 

Federal Test 
Procedure” 

Source Test Product 
Company Information 

Southwest 
Research 

Institute, Inc. 

Five 
Individual 

Diesel 
Oxidation 
Catalysts 

Enghe Information PoIlutant 

Make: Detroit Diesel Corporation 
Model: DDC 6067TK60 

(DDC Series 60) 
Year:1998 
BIG: 400 hp 
Application: Heavy Duty Vehicle 
Configuration: Turbocharged & 

Aftercooled 
Engine Hours: Not Reported 
Fuel Type: 368 ppm S Diesel 
Fuel Use (Ib/bhp-hr): 0.395 - 0.406 
Exhaust Temp: Approx I OO-800°F 

PM 
NOx 
co 
HC 

-m-------__ 

PM 
NOx 
co 
HC 

------_-___ 

PM 
I NOx 

co 
HC 

---------mm 

PM 
NOx 
co 
WC es-ll-_-__- 

PM 
NOx 
co 
WC 

Baseline 
Emissions 

0.073 g/blip-hr 
3.99 I g/bhp-hl 
1.1 I 1 g/blip-hr 
0.115 g/blip-hr ------.m---I-____ 

Emissions Rate 
w/ Controls 

DOC “A” 
0.056 g/bhp-hr 
3.995 g/bhp-hr 
0.674 g/blip-hr 
0.050 g/bhp-hr 

DOC “B” 
0.055 g/blip-hr 
4.085 g/bhp-hr 
0.350 g/bhp-ht 
0.0 14 g/bhp-hr 

-------------__. 
DOC “C” 

0.069 g/bhp-hr 
4.034 g/blip-hr 
0.202 g/bhp-111 
0.003 g/bhp-hr 

DOC “D” 
0.052 g/bhp-hr 
3.996 g/bhp-hr 
0.964 g/bhp-hr 
0.055 g/bhp-hr -m.-m.---_--l-___, 

DOC “E” 
0.053 g/bhp-l!r 
3.922 g/bhp-hr 
0.479 g/bhp-hr 
0.014 elbha-hr 

Control 
Efficienq 

23% 
0% 

39% 
57% 

-I--------_ 

25% 
-2% 
68% 
88% 

------em_-_ 

5% 
-1% 
82% 
97% 

-------m-e_ 

29% 
0% 
13% 
52% 

----------- 

27% 
2% 
57% , 
88% 

I5 The FTP emission test information was presented in the May 1999 repot-t “Demonstration of Advauced Emission Control Technologies 
Enabling Dieset-Powered Heavy-Duty Engines to Achieve Very Low Emission Levels” prepared for the Manufacturers of Emission Controls 
Association by Southwest Research Institute, Inc. 
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Method & 
Type of Test 

Federal Test 
Procedure’” 

Source Test Product Engine Information Pollutant Baseline Emission Rate Coutrol 
Company Information Emissions w/ Controls Efficient: 

Southwest One Make: Detroit Diesel Corporation b DOC “F” 
Rcscarch Individual Model: DDC 6067TK60 PM 0.073 g/bhp-hr 0.077 g/blip-hr 1 -5% 

lr~~tilu!c, Inc. I )icscl (DDC Series 60) NOx 3.99 I g/bhp-1~1 4.004 g/bhp-hr 0% 
( )\i[l;llion Ye;lr: 1908 co I. 1 I 1 g/blip-hr 0.260 g/bhp-hr 77% 
( .t1;t1\41s f1f I I’: JO0 111’ flC 0. I I5 g/blip-llr 0.004 g/bhp-111 97% 

;1llplication: I Ienvy I,utp Vehicle 
[‘cll~ti~~lr;ltiol~: Turbocharged & 

Alicrcoolcd 
Engine Hours: Not Reported 
Fuel Type: 368 ppm S Diesel 
Fuel Use (Ib/bhp-hr): 0.40 I - 0.403 
Exhaust Temp: Approx I OO-800°F 

Federal Test 
Procedure I6 

Southwest 
Research 

Institute, Inc. 

Three 
Individual 

Diesel 
Oxidation 
Catalysts 

Make: Detroit Diesel Corporation DOC “B” 
Model: DDC 6067TK60 PM 0.063 g/bhp-ht 0.043 g/bhp-111 32% 

(DDC Series 60) NOx 3.836 g/blip-hr 3 -94 I g/bhp-hr -3% 
Year: 1998 co I .200 g/blip-hr 0.347 g/bhp-hr 71% 
BHP: 400 hp HC 0. IO9 g/bhp-hr 0.032 g/blip-hr 71% 
Application: Heavy Duty Velli.,e ---- ------ -- .-------- - -------_ ------- -- ------- - __--- ---__. 

Configuration: Turbocharged & DOC “E” 

Aftercooled PM 0.046 g/bhp-ht 27% 

Engine Hours: Not Reported NOx 3.78 I g/bhp-hr 1% 

Fuel Type: 54 ppm S Diesel co 0.522 g/bhp-hr 57% 

Fuel Use Wbb-W0.397 - 0.403 ___--~C__--.______-___________-~-_______-_-_______~~~~--- 
0 04 I g/bhp-ht 

Exhaust Temp: Approx 1 OO-800°F DOC “F” , 
PM 0.053 g/bhp-hr 16% 

NOx 3 -96 1 g/bhp-hr -3% . 
co 0. I94 g/bhp-hl 84% 
HC 0.0 I6 g/bhp-hr 85% 

I6 The FTP emission test information was presented in the May 1999 report “Demonstration of Advanced Emission Control Technologies 
Enabling Diesel-Powered Heavy-Duty Engines to Achieve Very Low Emission Levels” prepared for the Manufacturers of Emission Controls 
Association by Southwest Research Institute, Inc. 
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Method 6t 
Type of Test 

Federal Test 
Procedure 

Source Test Product .Engiue Information Pollutant Baseliue Emission Rate Control 
Company Information Emissions w/ Controls Efficiency 

Southwest Catalytic Make: Detroit Diesel Corporation PM 0.443 g/bhp-hr 0.2 I8 g//blip-hr 51% 
Research Exhaust Model: GV92TA MUI NOx 10.458 g/bhp-hr 10.194 g/bhp-hr 1 3% 
Institute, Mufflet Year: 1986 co 1,007 g/bhp-Ill 0.607 g/bhp-111 40% 

IllC.‘7 (CEM) BHP: Not Reported HC 0.694 g/bhp-hr 0.370 glbhp-hr 47% 
Application: Heavy Duty Vehicle 

Mfg. by Configuration: Not Reported 
Johnson Engine Miles: 300,000 

Matthey, Inc. Fuel Type: Diesel 
Fuel Use (lb/blip-hr): Not Reported 
Exhaust Temp: Not Reported 

N 
03 
co 

I7 The emission test information was submitted to support Johnson Matthey’s application for exemption from the State’s emission control 
system anti-tampering law, Vehicle Code section 27156. 
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DRAFT Control Technology Evaluation - 

Item 

Product Name: 

Product Vendor: 

Vendor Address: 

Response 

ECOTIP Superstack Fuel Injectors 

Interstate Diesel 

490 1 Lakeside Avenue 
Cleveland, OH 44 114 

Product Description: 
IWhat is the product, and how 
ioes it work?) 

The product consists of a fuel injector with a reduced sac volume and a 
more consistent fuel injection pressure. The product improves combustion 
and reduces particulate emissions by minimizing the amount of fuel that 
drips into the combustion chamber’at the end of the chamber’s fuel injection 
cycle. 

Applicability: 
:What types of engines can the 
product be installed on?) 

The product is available for diesel-fueled engines manufactured by General 
Motors Electra-Motive Division (EMD) and Detroit Diesel Corporation 
(DDC). The product can be incorporated into either mechanical or 
electronic fuel injection systems. For EMD engines, mechanical fuel 
injectors are available as OEM p&ducts and electronic fuel injectors are 
available as replacement products. For DDC engines, both mechanical and 
electronic fuel injectors are available as replacement products. 

Emission Reduction Claim: 
(What level of emission 
reduction can be achieved? 
Address: EC, SOF, and SO;?) 

Achieved Emission 
Reductions: 

Certifications: 

Product Costs: 
Initial Retail: 

Installation: 

The manufacturer states that the overall particulate removal efficiency can 
be as high as 44% for EMD engines and as high as 7% for DDC engines. 
The manufacturer guarantees the emission reductions within standard 
testing errors. 

Product Test Cvcle PM Reduction 
ECOTIP Standard S-Mode Steady State 7% 
ECOTIP 2” ITR &Mode Steady State 3% 

None. 

The initial cost range for standard stationary and portable applications, 
assuming core exchange, is: $200 for a 100 hp engine; $200 - $300 for a 
275 hp engine; $300 - $400 for a 400 hp engine; and $400 - $800 for a 
1,400 hp engine. These costs may be higher for special applications. 

---------------------------------------------------------------------- 
No installation costs beyond those associated with replacing standard fuel 
injectors. 

---------------------------------------------------------------------- 
Operating: Fuel economy is reported to improve by 2% to 3%; 

---------------------------------------------------------------------- 
Maintenance: None. 

Durability / Product Life: 
(How long can the product be The manufacturer states that the product’s useful life is typically between 
expected to function under 4,000 and 6,000 service hours under normal operating conditions. 
normal operating conditions and 
still achieve the specified 
emission reductions?) 
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Item 
1 

Response 

Product Warranty: 
(Identify the type of warranty The manufacturer provides a 12 month / 2,000 engine hour warranty. 
and its duration.) 

Affect on Engine Warranty: When installed as an OEM component of EMD engines, the product does 
(When possible, identify any not impact the OEM engine warranty. When installed on DDC engines, use 
impact the product may have on of the product may affect the OEM engine warranty if the product is 
an engine’s warranty.) determined to be the cause of a failure. 

Adverse Impacts: One S-mode steady-state emission test shows that the product increases 
Environmental: hydrocarbon emissions by 15%. 

Safety: 

Special Operating 
Requirements: 
(e.g. ultra-low sulfur fuel or 
minimum exhaust temperature, 
etc...) 

No known adverse safety impacts. 

The product can be used with the existing California diesel fuel 
formulations. 

Current Status: 
(Is the product commercialI> 
available, or is it still under 
development? How many 
engines has the product been 
installed on, and how long has 
the product been in use?) 

The product is commercially available and has been installed on 
approximately 2,000 mostly locomotive diesel-fueled engines. The product 
has been in service in the locomotive market since 1995. 

Other: 
[e.g. fuel penalty, reduced 
product life, weight. ai;-~r on 
:ngine performance. err:. _. 1 

Fuel economy is reported to improve by 2% to 3%. In addition, the product 
reduces carbon monoxide and oxides of nitrogen emissions. 

[mpacts of Lower Sulfur 
Diesel FueI: 

Comments: 
IAddress other issuch rcir~ ant 
:o the use of this pr;-4.u2. 
.ncludmg other ad\ an~xe~ 
disadvantages of usIn; 11;~ 
lroduct.) 

Unknown. However, the product can be used with the existing California 
diesel fuel formulations. 

.4ccording to the manufacturer, particulate matter emissions from fuel 
injectors can increase over time. As such, the manufacturer anticipates that 
the particulate matter emission rate may increase over the life of the product 
but that this increase will be consistent with that of standard fuel injectors. 
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List of Stationary &/or Portable Applications 

Product Name: ECOTIP Suuerstack Fuel Iniectors 

Facility / 
Operator 

Information on the 
stationary &/or 
portable 
applications of this 
product is not 
known. 

Engine Permit / 
Information Registration 

Make: 
Model: 
Application: 
Fuel Type: 

Number of 
Applications 

Time in 
Service 

PM Emission PM Eyission Test 
Limit Results 
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List of Emission Test Results 

Product Name: ECOTIP Superstack Fuel Injectors 

Method & Sonrcc Test Engine Information 
Type of Test company 

T3sseline 
Emission Rate 

is0 8178 
S-mode 

steady-state 

Southwest 
Research 
Institute 

July 1998 

Make: Detroit Diesel 
Model: 4L-7lN 
Year: Unknown 
BHP: 140 bhp 
Application: Unknown 
Configuration: Standard Timing 
Engine Hours: Unknown 
Fuel Use (Ib/hp-hr)? 0.440 / 0.432 
Fuel Type: Diesel 
Exhaust Temp: Unknown 

IS0 8 178 
&mode 

steady-state 

Southwest 
Research 
Institute 

July 1998 

Make: Detroit Diesel 
Model: 4L-7 IN 
Year: Unknown 
RHP: 140 bhp 

~ Application: Unknown 
Configuration: 2” Timing Retard 
Engine Hours: Unknown 
Fuel Use (Ib/hp-hr)‘: 0.440 / 0.430 
Fuel Type: Diesel 
Exhaust Temn: I Jnknown 

PM 
NOx 
co 
HC 

PM 
NOx 
co 
HC 

Standard Timing 
0.357 g/hp-hr* 
18.26 g/lip-hr* 
1 1.30 g/hp-11r* 
0.66 g/lip-hr* 

* Average of three 
test runs, 

Standard Timing 
0.357 g/hp-hr* 
18.26 g/hp-hr” 
1 1.30 g/lip-hr* 
0.66 g/hp-hr* 

* Average of three 
test runs. 

Emission Rate 
w/Controls 

Standard Timing 
0.33 I g/lip-hr* 
17.45 g/hp-hr* 
9. I3 g/lip-hr* 
0.76 g/hp-hr* 

* Average of three 
test runs. 

2” Timinp Retard 
0.347 g/hp-hr* 
15.4 1 g/hp-hr” 
9.88 g/lip-hr* 
0.66 g/hp-hr* 

* Average of three 
test I’lJtlS. 

Control 
Efficiency 

7% 
4% 
19% 

-15% 

3% 
lb% 
13% 
0% 

rg Baseline / Retrofit 
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- DRAFT Control Technology Evaluation 

Item 

Product Nanie: 

Product Vendor: 

Vendor Address: 

Response 

Cam Shaft Cylinder Reengineering Kit (Version I and Version II) 

Clean Cam Technology Systems 

7001 Charity Avenue 
Bakersfield, CA 93308 

Product Description: 
:What is the product, and how 
lees it work?) 

The products consist of specific engine retrofit components, including a 
proprietary cam shaft. The products reduce NOx emissions by increasing 
the volume of exhaust gas that remains in the combustion chamber after the 
power stroke. Within the combustion chamber, the residual exhaust gas 
*absorbs heat and reduces the peak combustion temperature which results in’ 
lower NOx emissions. The injection timing can then be adjusted (i.e. 
advanced) to maximize particulate emission reductions, or it can be varied 
to achieve the desired balance of NOx vs. PM. In addition to Version I 
components, Version II includes modified pistons which allow the piston to 
remain near top dead center (TDC) for a longer duration, 

Lipplicability: 
:What types of engines can the 
Troduct be installed on?) 

Manufacturer’s Emission 
Reduction Claim: 
IWhat level of emission 
reduction can be achieved? 
Address: EC, SOF, and SO,?) 

Version I of the product can be used on all Series 71 and Series 92 
diesel-fueled engines manufactured by Detroit Diesel Corporation (DDC). 
Version II of the product can be used on all Series 92 DDC engines. 

The manufacturer states that engines retrofitted with Version I will have 
emissions of no greater than 1 .O g/bhp-hr of hydrocarbons, 8.5 g/bhp-hr of 
carbon monoxide, 5.8 g/bhp-hr of nitrogen oxides and 0.16 g/bhp-hr of 
diesel particulate matter. . 

The manufacturer also states that engines retrofitted with Version II will 
have emissions of no greater than 0.3 g/bhp-hr of hydrocarbons, 2.6 
g/bhp-hr of carbon monoxide, 4.5 g/bhp-hr of nitrogen oxides and 0.15 
g/bhp-hr of diesel particulate matter. 

Certifications: 
(Identify certifications the 
product has received, and 
explain any limits on the 
certifications.) 

ARB staff have verified the Version I performance claims for eleven 
models of two-stroke diesel-fueled engines manufactured by DDC before 
1993, including: DDC 6V92; SV92, 12V92, 16V92,3L71,4L7,1,6L71, 
6V71, SV71, 12V71& 16V71 engines. 

ARB staff have also verified the Version II performance claims for four 
models of two-stroke DDC engines manufactured before 1993, including: 
DDC 6V92; SV92,12V92 & 16V92 engines. 

Emission Test Results: 
(Summarize emission test S-mode steady-state emission test data demonstrate that engines retrofitted 
results and describe in detail on with the products can meet the emission limits specified above. 
the attached table.) 
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Item 

Product Costs: 
Initial: 

Standard Rebuild 

Installation: 

1 Response 

The incremental cost of the products vary with engine size and are 
approximately: $1,500 for a 100 hp engine; $1,509 - $2,300 for a 275 hp 
engine; $1,800 - $3,000 for a 400 hp engine; and $3,000 - $6,000 for a 
1,400 hp engine. These costs must be added to-the costs of standard rebuild 
components to determine the total initial cost of the products. 
-------------------_------------------------------------------------- 
The costs of standard engine rebuild components also vary by engine size 
and are approximately: $2,500 for a 100 hp engine; $2,500 - $3,800 for a 
275 hp engine; $3,000 - $4,500 for a 400 hp engine; and $4,500 - $10,000 
for a 1,400 hp engine. 
--------------------------------------------------------------------- 
There are no installation costs-beyond those associated with a standard 
engine rebuild. 
--------------------------------------------------------------------- 

Operating: Engines retrofitted with the products may incur a fuel penalty of between 
zero and 12% depending on the engine model and rebuild configuration. 
--------------------------------------------------------------------- 

Maintenance: No additional engine maintenance is required. 

Durability / Product Life: 
:How long can the product be The manufacturer states that the useful life of the products is between 3,000 
Gxpected to function under and 8,000 operating hours, and that the usefui life is consistent with the 
normal operating conditions and durability requirements for new nonroad engines. Deterioration factor 
still achieve the specified emission tests demonstrate conformance with the emission performance 
emission reductions?) claim. 

Product Warranty: 
(Identify the we of warranty The manufacturer provides an emissions / mechanical durability warranty 
and its duration.) for one year or 3,000 engine hours, whichever occurs first. 

Affect on Engine Warranty: 
(When possible, identify any According to the manufacturer, use of tbe product does not impact the OEM 
impact the product may have on engine warranty. 
an engine’s warranty.) 

Adverse Impacts: 
[For example, does the product 
sreate a hazardous byproduct? 
Mach MSDS sheet if 
applicable.) 

Environmental: 

Safety: 

special Operating 
Requirements: 
:e.g. ultra-Pow sulfur fuel or 
ninimum exhaust temperature, 
a..) 

The products can also reduce NOx emissions. 

No known adverse safety impacts. 

The products can be used with the existing California diesel fuel 
formulations. 
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Item Response 

Current Status: The products are commercially available and have been installed on 
(Is the product commercially 
available, or is it still under 

approximately 300 stationary and portable diesel-fueled engines, including 
generators and pumps. The products have also-been installed on 

development? How many 
engines has the product been 
installed on, and how long has 
the product been in use?) 

approximately 1,250 mobile diesel-fueled engines as par? of the federal 
Urban Bus Retrofit program, and they have been installed in military 
equipment, such as generators, loaders and hydraulic power units. Twenty- 
five engines retrofitted with the product have logged 20,000-t hours of 
operation. 

Other: 
(e.g. fuel penalty, reduced 
product life, weight, affect on 
engine performance, etc...) 

Engines retrofitted with the products may incur a fuel penalty of between 
zero and 12% depending on the engine model and rebuild confIguration. 

Comments: 
(Address other issues relevant 
to the use of this product, 
including other advantages / 
disadvantages of using the 
product.) 

The products are specifically designed to allow older 2-stroke DDC engines 
to meet State & federal new nonroad engine emission standards. 
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List of Stationary &/or Portable Applications 

Product Name: CCTS Cam Shaft Cylinder Reengineering Kit (Version I) 

Facility / Eugine Permit / Number of Time in PM Emission 
Operator Information 

Pv Emission 
Rcgistrntion Applications Service Limit Test Results 

Gary Drilling Co. Make: Detroit Diesel PERP Registration Nos. 2 Since: 
700 1 Charity Ave 

0. I6 g/bhp-hr 
Model: 4L7 IT 

See following 
- 100223 - 12/16/98 table. 

Bakersfield, CA Application: Generators - 100295 - 1 l/27/97 
93308 Fuel Type: CARB Diesel 

Gary Dritling Co. Make: Detroit Diesel PERP Registration Nos. 2 Since: 0.16 g/bhp-hr 
7001 Charity Ave Model: SV92TA 

See following 
"100124 - 11/27/97 table. 

Bakersfield, CA Application: Putnps. - 100222 - l/28/99 
93308 Fuel Type: CARB Diesel 
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List of Emission Test Results 

Product Name: CCTS Cam Shaft Cylinder Reengineering Kit 

Method & Source Test Engine Information , Engine Pollutant Baseline Emission Rate 2 Emission 
Type of Test Company Hours Emissions w/ Controls Reduction 

IS0 8 178-C 1 Southwest Make: Detroit Diesel Corp Zero PM 67% 
40 CFR 89 Research 

0.299 g/bhp-hr 
Model: 6V-92TA 

0.099 g/bhp-hr” 
NOx 

8-tnode Institute 
8.99 g/bhp-hr 

Year: 1984 
4.52 g/bhp-hr20 50% 

co 43% 
steady-state 

0.88 g/bhp-hr 
BHP: 310hp 

0.5 g/bhp-hr2’ 
HC 0.5 1 g/bhp-hr 0.32 g/blip-hrzo 37% 

Application: Not __-i___-_-___--_--__--------____________________-___-___________________I__ 

Reported 125 PM nla 0.094 g/bhp-hr2’ 69% 
Configuration: Turbo NOx 5.77 g/bhp-h? 36% 
Fuel Type: 2-D Diesel co 0.39 g/blip-hr2’ 56% 
Fuel User9(lb/hp-hr): UC 0.33 g/bhp-hr2’ 35% ---------------------------- 
0.4 1410.43 l/0.422/0.425 

----------------------------------------------- 

Exhaust Temp: 329°F - 
1000 PM n/a 0.1 14 g/bhp-Ill”’ 62% 

697°F 
NOx 5.15 g/bhpW’ 43% 
co 0.45 g/bhp-hr2’ 49% 
HC 0.3 I g/blip-hr*’ 39% 

I9 Pre-/Post- Retrofit 

2o Version II 

21 Version I 
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Baseline Emission Rate Etnissiott 
Type of Test Company Hours Emissions w/ Controls Reduction 

IS0 SI78”Cl Southwest Make: Detroit Diesel Corp Zero PM 51% 
40 CFR 89 Research 

0.201 glbbp-Ill 
Model: 6V-9 1TA 

0.098 g/bhp-I+ 
NOX 49% 

X-mode Institute 
10.39 g/bhp-ht 

Year: 1983 
5.26 g/bhp-hr*’ 

CO 42% 
steady-state 

I .2 g/bhp-hr 
BHP: 250 

0.7 g/bhpW’ 
1-K 0.45 g/bhp-hr 0.36 g/bhp-hr*’ 20% 

Application: Not 
Reported 
Configuration: Turbo, ----------_-_-_------------------------------------------------------------ 

Aftercooled Zero PM 11/a 0. I48 g/bhp-Iv*’ 26% 
Fuel Type: 2-D Diesel NOx 5.45 g/blip-hr2’ 48% 
Fuel Use’ (Ib/hp-hr): co 1.16 g/blip-hr2’ 3% 
0.384/0.430/0.419 HC 0.38 g/bhp-hr2’ 16% 
Exhaust Temp: 252°F _ 
798’F 
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Method & Source Test Engine Information 
Type of Test 

Engine Pqllutant Baseline Emission Rate Emission 
Company Hours Emissions w/ Controls Reductiou 

IS0 8 178-Cl Southwest Make: Detroit Diesel Corp Zero PM 0.208 g/bhp-ht n/a 
40 CFR 89 

n/a 
Research Model: 6L-71T NOx 

8-mode Institute Year: 1983 
12.58 g/bhp-hr 

co 
steady-state 

2.00 g/bhp-hr 
BHP: 250 HC 0.47.g/bhp-hr 
Application: Not ----------------------------.-----------------___-___--_____________________ 

Reported 125 PM n/a 0.15 1 g/bhp-hr** 25% 
Configuration: Turbo NOx 5.56 g/blip-hr”* 56% 
Fuel Type: 2-D Diesel CO 0.62 g/blip-hr2* 69% 
Fuel Use’ (Ib/hp-hr): HC 0.48 g/bhp-hr** -2% 
O.399lO.438lO.45OlO.449 

------C---------------------.----------------- ------------------------------ 

Exhaust Temp: 270°F - 
279 PM n/a 0.143 g/bhp-hr** 29% 

806°F 
NOx 5.57 g/blip-hr** 56% 
CO 0.64 g/bhp-hr2* 68% 
HC 0.42 g/bhp-hr** II% ----------------------------.-----------------_______-______________________ 

500 PM n/a 0.147 g/bhp-hr** 27% 
NOx 5.54 g/blip-hr** 56% 
co 0.59 g/blip-hr** 71% 
HC 0.39 g/bhp-hr** 17% 

IS0 8 178-D2 Southwest Make: Detroit Diesel Corp Not PM 
40 CFR 89 

0.282 gfbhp-hr 0.147 g/blip-hr** 48% 
Research Model: 4L-7 1 Known NOx 

5-mode 
76% 

Institute 
18.74 g/blip-hr 

Year: Unknown 
4.44 g/bhp-hr2* 

co 
steady-state 

1.40 g/bhp-hr 0.83 g/blip-hr** 41% 
BHP: 150 hp HC 0.90 g/bhp-hr 0.5 1 g/bhp-hr22 43% 
Application: 
Generator DDC 4L-71N DDC4L-7lT , 
Configuration: Turbo S/N: 4A246627 S/N: 4A26-84 18 
Fuel Type: Jet A 
Fuel Use’ (lb/hp-hr): 
0.48 110.480 
Exhaust Temp:365”F - 97 1 “F ~- 

22 Version I 
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DRAFT Control Technology Evaluation - 

Item 

Product Name: 

Product Vendor: 

Vendor Address: 

I Response 

NOxTECH Emission Control System _ 

NOxTECH, Inc. 

193 9 Deere Ave. 
Irvine, CA 92606 

Product Description: 
What is the product, and how 
joes it work?) 

The product is a muffler-size reactor that reduces carbon monoxide, 
hydrocarbons, and diesel particulate matter through non-cataIytic oxidatior 
similar to an afterburner. The engine exhaust is heated to between 1,400 t 
1,550 “F in the reactor by introducing fuel to the exhaust stream. The high 
temperature environment oxidizes the diesel particulate matter, carbon 
monoxide, and hydrocarbon emissions. A urea injection system can be 
added for reduction ofNOx emissions- Systems for engines operating ove: 
2,000 hours per year include a heat exchanger that uses the reactor effluent 
to preheat the engine exhaust to enhance fuel autoignition. 

4pplicabiiity: 
:What types of engines can the 
lroduct be installed on?) 

The product is available for use on stationary and portable internal 
combustion engines. 

Manufacturer’s Emission 
Reduction Claim: 
What level of emission 
.eduction can be achieved? 
iddress: EC, SQF, and SO,?) 

90% to 95% NOx reduction. 
50% to 90% CO reduction (depending on operating conditions). 
SO% to 90% Diesel FM reduction (depending on operating conditions). 
60% to 95% ROG reduction (depending on operating conditions). 

Certifications: None. 

Emission Test Results: Engine Test Method PM Reduction 
(Summarize emission test EMD 16-567-D4 SCAQMD Method 5.2 51% 
results and describe in detail on EMD 16-7 1 OG4B SCAQMD Method 5.2 62% 
the attached table.) 

Product Costs: 
Initial: 

Installation: 

Without urea iniection: $400-$1,200 for a 40 hp engine; $1 ,OOO-$3,000 for 
100 hp engine; $2,750-$X,250 for a 275 hp engine; $4,000-$12,000 for a 
400 hp engine; $14,000-$42,000 for a 1,400 hp engine 
With urea iniection: $QOO-$1,480 for a 40 hp engine; $1,500-$3,700 for a 
100 hp engine; $4125-$10,175 for a 275 hp engine; $6,000-$14,800 for a 
400 hp engine; $21,000-$5 1,800 for a I,400 hp engine 
With urea iniection and heat exchanger: $2,080-$3,000 for a 40 hp engine; 
$5,200-$7,500 for a 100 hp engine; $14,300-$20,625 for a 275 hp engine; 
$20,800-$30,000 for a 400 hp engine; $72,800-$105,000 for a 1,400 hp 
engine 

-------------------------- 

$6,400 - $14,400 (Assuming 2 - 3 weeks x 40 hours/week x $80 - 
$120/hour). 
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Item Response 

Froduct Costs: continued 
Operating: 

Maintenance: 

O Fuel penalty of 5% to 8 /o *. With urea injection system, $300/tori NOx 
reduced. 

*The attached summary of emission test results indicates a fuel penalty of 
23%-24%. The manufacturer states that this system at Catalina Island is an 
older model using cyanuric acid. The 5%-S% fuel penalty refers to the new 
design using liquid urea, which is smaller and more compact. --------------------------- 
Manufacturer estimates maintenance costs will be minimal. 

Durability/Product Life: The manufacturer suggests that the product’s useful life will be similar to 
[How long can the product be that of the associated diesel engine. 
expected to function under 
normal operating conditions and 
still achieve the specified 
emission reductions?) 

Product Warranty: The product carries a 12-month warranty. The product is guaranteed to be 
(Identify the type of warrant)i free from defects in material and workmanship and to maintain emissions 
and its duration.) compliance during normal operations. 

Affect on Engine Warranfi: The manufacturer states that the product has no impact on the OEM engine 
(When possible, identify, an>’ warranty. 
impact the product may have on 
an engine’s warranty.) 

Adverse Impacts: Where a urea injection system is utilized to reduce NOx, any unreacted urea 
(For example, does the product will be emitted as ammonia. Ammonia is not a federal hazardous air 
create a hazardous by,product’? pollutant or a State identified toxic air contaminant. However, ammonia 
Attach MSDS sheet if does have acute and chronic non-cancer health effects. Source tests have 
applicable.) shown ammonia slip levels controlled to below 2 ppm. 

Environmental: 
.--------------_----------- 

Safety: No known adverse safety impacts. 

Special Operating 
Requirements: 

None. 

(e.g. ultra-low sulfur fuc! \‘I 
minimum exhaust temp:.:r:.r: 
etc...) 

Current Status: 
(Is the product commtr. :.: I, ‘. 
available, or is it ~111 L!>,::,* 
development. How mar: > 
engines has the producr nccn 
installed on, and how Ion; hs\ 
the product been in use’? ) 

The product is commercially available and has been installed on two 
stationary diesel generator sets that provide primary commercial power for 
Catalina Island. One installation has been in operation for 3.5 years. 
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Item 

Other: 
(e.g. fuel penalty, reduced 
product life, weight, affect on 
engine performance, etc...) 

Response - 

When the product is used without a heat exchanger, the fuel penalty 
depends on the engine exhaust temperature. The manufacturer estimates a 
fuel penalty of 5% to 8%. 

------------_------------- 

The size and weight of the product for various engine sizes is approximately 
50% larger and heavier than their respective silencers. 

impacts of Lower Sulfur 
Diesel Fuel: 

The product can be used with existing California diesel formulations. The 
manufacturer states that lower sulfur fuel should have no effect since the 
product canoperateat higher sulfur levels in present fuels. 

Comments: 
[Address other issues relevant 
to the use of this product, 
including other advantages I 
disadvantages of using the 
product.) 

In addition to reducing diesel particulate matter, the manufacturer states that 
the product may also reduce carbon monoxide by 50%-90%, hydrocarbons 
by GO%-95%, and oxides of nitrogen emissions by 90%-95% (with urea 
injection). 
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List of Stationary &/or Portable Applications 

Product Name: NOxTECH Emission Control System 

Facility / Engine Permit I Number of 
Operator Information Registration Applications 

Southern California Make: EMD SCAQMD RECLAIM I 
Edison - Pebbly Model: I6-.567-D4 Permit No. 4477; Engine 
Beach Generating Application: Generator ID No. D2, Control ID 
Station (Unit #S) Fuel Type: Diesel No. C27 

Time in PM Emission PM Emission Tesi 
Service Limit tiesults 

Since: 0.1 gr/dscf 0.0 172 grldscf 

Southern California Make: EMD SCAQMD RECLAIM 1 Since: 0.1 gr/dscf 0,006 gr/dscf 
Edison - Pebbly Model: 16-7 1 OG4B Permit No. 4477; Engine Issued 
Beach Generating Application: Generator ID No. D42, Control ID 1 l/4/94 
Station (Unit #15) Fuel Type: Diesel No. C43 
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List of Emission Test Results 

Product Name: NOxTECH Emission Control Systeln 

Method & Source Engine Information Engine Pollutant Baseline Emission Rate Emission 
Type of Test Hours Emissious w/ Controls ’ Reduction 

Test Company 

plVJ: SCEC Make: Electra-Motive Diesel (EMD) Not PM 0.5 10 g/bhp-hr” 0.25 1 g/bhp-hr* 51% 
SCAQMD Model: 16-567-D4 
Method 5.2 Test dates: Year: Not reported 

Reported NOx i 1.343 g/bhp-hr* I. 163 g/bhp-hr* 90% 
co 4.857 g/bhp-hr* 0.205 g/bhp-hr* 96% 

NOx, CO: 9/l 5- 17193 BHP: 2150 HC 0.133 g/bhp-hr* 0.034 g/bhp-hr* 74% 
SCAQMD Application: 1 S MW Generator 
Method 100,l Configuration: Two-cycle, lean burn *Average of 3 *Average of 3 
HC: with turbocharger runs at fow, mid, runs at low, mid, 
SCAQMD Fuel Use (gat/hr): 87.6 (engine) + and high loads and high loads 
Method 25. I 2 1.4 (supplemental) 

Exhaust Temp (“F): 6 12 (prior to 
control device) 

PM: SCEC Make: Electra-Motive Diesel Not PM 0.2 15 g/bhp-hr* 0.082 g/bhp-hr* 62% 
SCAQMD Model: 16-710G4B Reported NOx 6.225 g/bhp-hr*23 0.826 g/bhp-hr* 87% 
Method 5.2 Test dates: Year: Not reported CO 0.305 glbhp-hr* 0.321 g/bhp-hr* -50/02” 
NOx, CO: 5/10/95 BHP: 3900 HC 0.360 g/bhp-hr* 0.347 g/bhp-hr* 4% 
SCAQMD (baseline) Application: 2.8 MW Generator 
Method 100.1 and Configuration: Two-cycle, lean burn *Average of 2 *Average of 2 
E: l/30-2/1/96 with turbocharger and aftercooler- runs at high load runs at high load 
Modified (contyolled) Fuel Use (gal/hr): 191.2 (engine) + 
Method 25.2 44.8 (supplemental) 
(Baseline); Exhaust Temp (OF): 599 (prior to 
Method 25. I control device) 

23 Engine is eq ‘pp UI ed with electronically controlled low NOx fuel injectors and the injection timing was retarded during the test. 

24 Manufacturer states that the number is a reflection of the operating requirements of this installation. As a whole, the manufactures 
states that the product can reduce CO to below 50 ppm if required. 
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DRAFT Control Technology Evaluation _ 

Item 

Product Name: 

Product Vendor: 

Vendor Address: 

Response 

Fumigation Natural Gas/Diesel Bi-Fuel Retrofit Kit 

_ Innovative Technologies Group, Corp. 

2968 Ravenswood Road, Unit 109 
Ft. Lauderdale, FL 333 12 

Product Description: 
What is the product, and how 
lees it work?) 

The product is a bi-fuel conversion system for all diesel-fueled engines, 
and it involves retrofitting existing diesel-fueled engines to operate on a 
mixture of diesel fuel and a variety of gaseous fuels, such as pipeline 
quality natural gas, liquefied natural gas, compressed natural gas, digester 
gas, etc.. . The supplemental gaseous fuel is mixed with combustion air 
before being introduced into the engine’s charge air system. This process is 
referred to as fumigation. Within the combustion chamber, the diesel fuel 
serves as a pilot ignition source for the gaseous fuel. The gaseous fuel / 
diesel mixture typically varies between 80% gaseous / 20% diesel to 50% 
gaseous / 50% diesel. The engine retrofit mainly involves the integration of 
a gaseous fuel control system with an engine’s charge air system. There are 
no changes to the engine block, cylinder heads, pistons, etc..., and the 
engine remains a compression ignition engine. 

Applicability: The product can be applied to all diesel-fueled engines, including 
(What types of engines can the stationary, portable, mobile, marine, and locomotive engines. The product 
product be installed on?) can also be retrofitted to existing engines. 

Manufacturer’s Emission 
Reduction Claim: 
(What level of emission 
reduction can be achieved? 
Address: EC, SOF, and SO,?) 

The manufacturer claims that the product reduces oxides of nitrogen 
emissions by 20% to 60%. While the manufacturer does not specifically 
claim that the product reduces diesel particulate emissions, the emission tesl 
data suggests that the product reduces diesel particulate by up to 37%. 

Certifications: 
(Identify certifications the 
product has received, and 
explain any limits on the 
certifications.) 

Emission Test Results: 
(Summarize emission test International Harvester 7.3 liter cvs-75 28% 
results and describe in detail on Cummins 5.9 liter CVS-72 37% 
the attached table.) 

The product has been certified as an alternative fuel delivery system in 
accordance with the provisions of Sections 43004 and 43006 of the 
California Health and Safety Code for use on 1993 and older model year 
four-stroke heavy-duty diesel-fueled engines, excluding those equipped 
with self-compensating fuel pumps. 

Ewine Make/Model Test Cycle PM Reduction 
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Item 

Product Costs: 
Initial / Installation: 

Installation: 

Operating: 

Maintenance: 

Response _ 

The initial product cost is: $4,000 for a 40 hp engine, $6,000 for a 100 hp 
engine,$14,000 for ‘a 400 hp engine, and $38,000 for a 1,400 hp engine. 
These costs do not include mstallation of gaseous fuel supply systems, 
which vary by application. 

----------------____------------------------------------------------- 
Installation is typically performed by the manufacturer, or the 
manufacturer’s representative, and usually takes between four and five 
days. At the manufacturer’s rate of$450 per day, installation costs are 
expected to be between $1,800 and $2,250, not including travel. 

--------------------__--------,--------------------------------------------- 
The operating costs depend on the specific application and the type of . 
gaseous fuel used. However, a 13% --14% decrease in fuel costs is 
expected if an engine operates on a mixture of 40% diesel and 60% natural 
gas, assuming diesel costs $O.!JO/gal and natural gas costs $0.50 per therm. 

---------------------------------------------------------------------- 
There are no additional maintenance requirements associated with the use 
of this product. However, according to the manufacturer, the engine oil will 
not need to be changed as frequently. 

Durability / Product Life:. 
,How long can the product be According to the manufacturer, the product life is consistent with that of 
:xpected to function under other mechanical engine components. 
normal operating conditions and 
itill achieve the specified 
:mission reductions?) 

?roduct Warranty: The manufacturer provides a one year warranty on materials and 
Identify the type of warranty workmanship which includes repair or replacement of an engine if damage 
tnd its duration.) is caused by the bi-fi.rel system. 

iffect on Engine Warranty: The product manufacturer does not expect the engine manufacturer’s 
When possible, identify any warranty to cover damage caused by the bi-fuel process, As noted above, 
mpact the product may have on the product manufacturer will repair or replace an engine damaged by the 
m engine’s warranty.) bi-fuel system. 

idverse Impacts: 
For example, does the product 
:reate a hazardous byproduct? 
attach MSDS sheet if 
.pplicable.) 

Environmental: There are no known adverse environmental impacts. 
--------------------____________c_______----------------------------- 

Safety: There are no known adverse safety impacts. 

ipecial Operating The product requires a gaseous fuel supply system, such as a natural gas 
Pequirements: supply system for stationary applications or a CNG storage system for 
e.g. ultra-low sulfur fuel or portable and/or mobile applications- 
minimum exhaust temperature, 
tc...) 
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Item Response - 

Current Status: 
(Is the product commercially The product is commercially available and has been installed on more than 
available, or is it still under 200 diesel-fueled engines, including stationary generators, trucks, buses, 
development? How many and locomotives. 
engines has the product been 
installed on, and how long has 
the product been in use?) 

Other: 
(e.g. fuel penalty, reduced According to the manufacturer, engines retrofitted with this technology do 
product life, weight, affect on not suffer a loss of power. 
engine performance, etc...) 

Impacts of Low Sulfur Fuel 

Comments: 
(Address other issues relevant 
to the use of this product, 
including other advantages / 
disadvantages of using the 
product.) 

The product can be used with California’s existing diesel fuel formulations. 

Representatives from one facility which operates a 1,490 hp engine 
equipped with the bi-fuel technology suggest that the product reduces NOx 
emissions by up to 20 lb/hr and that there is an overall fuel savings because 
the cost of natural gas is about one third of the cost of diesel fuel. 
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Eist of Statiomry &/or Portable Applications 

Product Name: Fumigation Natural Gas/Diesel Bi-Fuel Retrofit Kit 

Make: Cummins 
Model: KTTA-50-G2 13-903-01, Issued by the El 
Horsepower: 2200 Dorado County Air 
Application: Generator Pollution Control District 

el Type: Diesel /Natural on February 28,200O 

Horsepower: 227 hp 
Application: Generator 
Fuel Type: Landfill Gas -I- 
Low Sulfur Diesel Fuel 

Issued by the San Luis 
Obispo County Air 

PoIlution Control District 

Application: Generator 
Fuel Type: Diesel & 
Diesel/Natural Gas No. F097-11275-00338 

Issued January 12,200O 

AFG Industries Make: Cummins Permit No: EOO 1729 Issued 1 Approx. 
Victorvifle, CA Model: KTA-50-G 1 

None , N/A 
by the Mojave Desert Air 3 Years 

Horsepower: 1,490 bhp Quality Management 
Application: Emergency District 

# 

Backup Generator 
Fuel Type: Diesel /Natural 
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List of Emission Test Results 

Product Name: Fumigation Natural Gas/Diesel Bi-Fuel Retrofit Kit 

Method & Source Test Engine Information Test Pojlutant Baseline Emission Rate Emission 

IType of Test Company Procedure Emissions w/ Controls ’ Reduction 

Federal Test Air Testing Make: Cummins cvs-75 100% Diesel 80% CNG I 
Procedure25 Services, Inc. Model: 5.9 liter 20% Diesel 

(UDDS) Landsdale, PA Year: 1992 PM 0.627 gm/mile 0.436 gm/mile 30% 
BHP: Not Reported NOx 
Application: Light Duty Truck co 

6.444 gm/mile 6.429 gm/mile 0% 

1.830 grn/mile 0.957 gm/mile 48% 
Configuration: Not Reported HC 
Engine Hours: Not Reported 

0.908 gndmile 0.9 12 gm/mile 0% 
____________________-------~----------------------------------------------- 

Fuel Use: Not Reported CVS-72 100% Diesel 80%CNG/ 
Exhaust Temp: Not Reported (Hot Start) 20% Diesel ’ 

PM 0.347 gmhile 0.220 gm/mile 37% 
NOx 6.351 gm/miie 6.135 gm/mile 3% 
co 1.606 gndmile 0.658 gm/mile 59% 
HC 0.799 gndmile 0.563 gm/mile 30% 

Federal Test Air Testing Make: International Harvester cm-75 100% Diesel 80% CNG / 
Procedure 25 Services, Inc. Model: 7.3 liter 20% Diesel 

(UDDS) Landsdale, PA Year: 1992 PM 0.144 grdmile 28% 
BHP: Not Reported NOx 

0.199 grnhiile 

Application: Light Duty Truck co 
9.151 gm/mile 5.717 gm/mile 38% 

6% 
Configuration: Not Reported HC 

1.149 gm/mile 1.080 gm/mile 

Engine Hours: N,ot Reported 
0.560 gm/mile 0.348 gm/mile 38% 

____________________~~~~~~~~,~~~~~~~~~---------~-~~-----~--~~~~~~~~~~~~~~~~~ 
Fuel Use: Not Reported CVS-72 100% Diesel 80%CNG/ ’ 
Exhaust Temp: Not Reported (Hot Start) 20% Diesel 

PM 0.121 gm/mile 17% * 
NOx 

0.146 gm/mile 
7.992 gmhiile 6.683 gmhnile 16% 

co 
HC 

0.773 gm/mili: 0.764 gm/mile 1% 
0.245 gmhnile 0.167 gm/mile 32% 

q 

25 The emission test results were provided by Ckburetion Labs International, Inc. (CL]) in support of their application for certification of au altcruativc fuel delivery 
system in accordance with Sections 43004 and 43006 of the California Health and Safety Code. The ARB’s Mobile Source Division reviewed the product and associated 
emission test data, and on December 22, 1992, the ARB issued Executive Order B-17 approving the use of this technology on all 1992 and older model year heavy-duty diesel 
engines excluding those with self-compensating fuel pumps. The Executive Order has been updated several times, and now applies to all 1993 and older model year four-stroke 
heavy-duty diesel engines excluding those with self-compensating fuel pumps (BO B-44 & B-44-l). Innovative Technologies Group now owns the rights to this technology. 
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DRAFT Control Technology Evaluation 

Item 

Product Name: 

E’roduct Vendor: 

Vendor Address: 

Product Description: 
IWhat is the product, and how 
ioes it work?) 

Qpplicability: 
IWhat types of engines c-an the 
,roduct be installed on?) 

Manufacturer’s Emission 
Reduction Claim: 
What level of emission 
.eduction can be achieved? 
Address: EC, SOF, and SO;?) 

Zertifications: 
‘Identify certifications the 
)roduct has received, and 
:xpPain any limits on the 
:ertifications.) 

Zmission Test Results: 
Summarize emission test 
esults and describe in detail on 
he attached table.) 

Response 

SINOx System 

Siemens Westinghouse Power Corporation - 

1345 Ridgeland Parkway, Suite 1 I6 
Alpharetta, GA 30004 

The product is a Selective Catalytic Reduction (SCR) system consisting of a 
proprietary base metal catalyst, designed specifically for diesel-fueled 
engines and an integrated predictive emissions monitoring system. 
According to the manufacturer, the product reduces the volatile organic 
fraction (VOF) of diesel particulate matter and hydrocarbon/air toxics 
emissions through catalytic oxidation, and concurrently reduces NOx 
emissions using a reducing agent, such as a 32% aqueous urea solution. 
The product also allows the injection timing of non-certified engines to be 
adjusted for maximum fuel efficiency which may result in further 
reductions of diesel particulate matter and hydrocarbon/air toxic emissions. 

The product can be used on stationary, portable and mobile diesel-fueled 
engines typically rated at 200 horsepower to 10,000 horsepower or more. 

The manufacturer states that the product’s overall particulate removal 
efficiency can be between 20% and 50% depending on the engine timing, 
the type of controls and the uncontrolled emission rate. In addition, the 
product’s VOF removal efficiency can be more than 60%, hydrocarbon/air 
toxics removal efficiency can be more than 90%, NOx removal effxciency 
can be over 90% in stationary and portable applications, and over 45% to 
85% in on- and offroad applications. 

Enoine Make/Model 
1999 DDC Series 60 
1999 Mack E-Tech E7 
1999 Mack E-Tech E7 
1999 Mack E-Tech E7 

Test Cvcle 
FTP 
Cold Transient 
Hot Transient 
OICA 

PM Reduction 
28% 
22% 
25% 
0% 
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Item 

Product Costs: 
Initial: 

Installation: 

Operating: 

Maintenance: 

Response - 

The initial cost of the product depends on the degree of custom engineering 
required, the size of the engine, the operating conditions and other variables 
such as production volume, and ranges from approximately $50 to $60 per 
horsepower. For example, the initial cost typically ranges from $13,750 to 
$16,500 for a 275 hp engine, $20,000 to $24,000 for a 400 hp engine, and 
$70,000 to $84,000 for a 1,400 hp engine. 

---------------------------------------------------------------------- 
Installation costs vary from $500 to $5,000 depending on the application. 

---------------------------------------------------------------------- 
The operating costs include approximately $300 per ton of NOx reduced for 
the aqueous urea. 

---------------------------------------------------------------------- 
The maintenance costs vary depending on engine size, run time and other 
variables. Approximate costs are $7 15 per year for a 275 hp engine, $800 
per year for a 400 hp engine, and $1,500 per year for a 1,400 hp engine. 

Durability / Product Life: 
:How long can the product be According to the manufacturer, operating periods of greater than 20,000 
:xpected to function under hours have been demonstrated, and some vehicles have accumulated over 
normal operating conditions and 500,000 miles. 
still achieve the specified 
emission reductions?) 

Product Warranty: 
[Identify the type of warranty 
lnd its duration.) 

The manufacturer provides a one year standard equipment warranty for 
workmanship, parts and materials. The manufacturer also provides a 
process guarantee of up to 3’years / 20,000 service hours (whichever occurs 
first) for the emission reductions in stationary and portable applications. 

Affect on Engine Warranty: According to the manufacturer, use of the product does not impact the OEM 
engine warranty. 

Adverse Impacts: 
[For example, does the product 
:reate a hazardous, byproduct? 
Attach MSDS sheet if 
applicable.) 

Environmental: 

Aqueous urea is used to reduce NOx emissions, and any unreacted urea will 
be emitted as ammonia (a.k.a. ammonia slip). Although ammonia is not a 
state toxic air contaminant or federal hazardous air pollutant, ammonia does 
have acute and chronic non-cancer health effects. Source tests have shown 
ammonia slip levels controlled to 4.4 ppm averaged over the FTP test cycle, 
although spikes have reached 30 ppm. The federal OSHA 1 S-minute short 
term exposure limit for ammonia is 35 ppm. ---------------------------------------------------------------------- 
Several FTP transient emission tests show that the product increases carbon 
monoxide emissions by up to 89%; however, the applicable carbon 
monoxide emission limits were not exceeded. 

Adverse Impacts: Except as noted previously, there are no other known safety impacts when 
Safety: aqueous urea is used as the reducing agent. 

Special Operating 
Requirements: The typical engine exhaust temperature range is 350 “F to 1,020 “F. 
1e.g. ultra-low sulfur fuel or 
ninimum exhaust temperature, 
:tc...) 
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Item Response 

Cqrrent Status: The product is commercially available for stationary and mobile engines in 
(Is the product commercially Europe. In the US, it is commercially available for stationary engines and 
available, or is it still under ready for commercialization for mobile engines. (For mobile applications, 
development? How many commercialization for a specific engine family depends on the development 
engines has the product been / availability of an emission map for the respective engine family - see the 
installed on, and how long has Comments section below.) 
the product been in use?) ~~~~~~~------~__--__~--~---~------~~--~~~~~~~~~~~~~~~~----~-~~~~~~~~~~ 

The product has been installed on 125 stationary, portable, and mobile 
diesel-fueled engines worldwide. Specific applications include: stationary 
and portable generator sets, pump stations, marine vessels, on-highway 
heavy-duty trucks, offroad construction equipment, and locomotives. 

Other: 
(e.g. fuel penalty, reduced 
product life, weight, affect on 
engine performance, etc...) 

The typical size and weight of demonstration and other stationary SINOx 
Systems are as follows: 
Hp Lenvth Width Height Weight 
275 14 in 18 in 18 in 150 lb 
400 14 in 18 in 18 in 150 lb 
1,400 40 in 35 in 35 in --- 

Impacts of Low Sulfur Fuel According to manufacturer documentation, the catalyst is formulated for 
low SOJSO, conversion (i.e. -=z 1%). The product is resistant to fuel sulfur 
and can be used with the existing California diesel fuel formulations, as 
well as with high sulfur fuels such as bulk or crude oil used in coastal and 
ocean vessels. 

Comments: 
(Address other issues relevant 
to the use of this product, 
including other advantages / 
disadvantages of using the 
product.) 

In mobile apphcations, the product relies on an open loop control system to 
regulate urea injection. An emission “map” of each engine family is 
developed, and a predictive emission monitoring system evaluates multiple 
engine operating parameters. After comparing these parameters to the 
emission map, the control system regulates the quantity of urea introduced 
to the SCR catalyst ensuring optimum NOx reductions with minimaP 
ammonia slip. 
--------------------------------------------------------------------- 

According to the manufacturer, volume production of the SINOx system 
will begin in Europe for model year 2001 Class 8 heavy-duty diesel-fueled 
trucks (250 - 400 hp). This will allow the design to be standardized for 
particular engine families. 
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List of Stationary &/or Portable Applications 

Product Name: SINOx System 

Facility / Engine Permit / Number of Time in Emission Emission Test 
Operatot Infortnation Registration Engines Service Limitation Results 

Yilll! Il1li\V‘r\lt\ Zi;lhc hlilqllbi\lri Permit 11 1 17-0204 3 Permit PM: I .36 Ib/hr PM: Unknown 
tl~v1L-I c;l~ll~-I’I \ I~uctl by the Connecticut ISSlId NO,: 5.3 Ib/hr NO,: Unknown 
Il#V .l’pl\\1’1 .‘. 10 I Ill’ I kpartlllcllt of 71 I I97 Nf!,: IO ppm NH,: Unknown 
\~~~~I~,,tIio~~ (tcI!cr.if~lr l~nvironnrcntnl Protection, 
I ticI I ! 1”: I )ic\cl Ijurcau 01‘ Air Management 

Highway Make: Caterpillar PM: 0.33 Ib/hr PM: Unknown 
Materials, Inc Model: 34 12C NO,: I .7 Ib/hr NO,: 0.57 Ib/hr 

Horsepower: 634 bhp NH,: IO ppm NH,: 0.044 ppmvd 
Application: Portable Rock Plan Approval Permit No. 
Plant PA-460069 Plan 
Fuel Type: Not Reported Issued by Commonwealth 2 Approval 

of Pennsylvania, Bureau of Issued 
_________-_----_-_-------------------- .-------------------- ------- 

Make: Cummins 5/l l/98 PM: 0.33 Ib/hr PM: Unknown 
Model: KTA-50-G3 

Air Quality 
NO,: 9.55 Ib/hr NO,: 2.33 Ib/hr 

Horsepower: 1850 bhp NH,: 10 ppm NH,: 0.048 ppmvd 
Application: Portable Rock 
Plant 
Fuel Type: Not Reported 
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List of Emission Test Results 

Product Name: SINOx Systenl 

Method & Source Test Engine Information Engine Pollutaut Baseline Emission Rate Emission 
Type of Test Company Hours Emissions w/ Con tro1s ’ Reduction 

Federal Test UC Davis, Make: Detroit Diesel Corporation Not PM 0.096 g/bhp-hr2” N/A N/A 
Procedure Institute of Model: Series 60 Reported NOx 3.76 1 g/bhp-hr2” 

Transportation Year: 1999 co 0.723 g/bhp-hr*” 
Studies BHP: Not Reported HC 0.134 g/bhp-tlr26 

Application: On-highway Heavy 
Duty Diesel Truck -------------------1--------,-----------------_-___-_______-___ ___- 

Configuration: Turbocharged & Not PM N/A 0.0693 g/bhp-tlr27 28% 
Aftercooled Reported NOx 0.980 -g/blip-hr*’ 74% 
Fuel Type: Certification Diesel co 1.3 7 g/bhp-hr27 -89% 
Fuel Use: Not reported HC 0.0252 g/bhp-hr2’ 81% 
Exhaust Temp: Not Reported 

Federaf Test 
Procedure 
(Cold Start 

& Hot 
Start)2B 

Southwest 
Research 
Institute 

Make: Mack 
Model: E-Tech E7-350 
Year: 1999 
BHP: 3.50 bhp 
Application: Heavy Duty Truck 
Configuration: Turbocharged and 
Aftercooled 
Fuel Type: 2D Diesel 
Fuel Use: Not Reported 
Exhaust Temp: 

Cold Transient Cold Transient 
Not PM 0.09 g/bhp-hr 22% 0.07 g/blip-hr 

Reportect NOx 6.24 g/bhp-hr 56% 2.77 g/blip-hr 
co 1.80 g/blip-hr 2.3 I g/bhp-hr -28% 
HC 0.06 g/bhp-hr 0.00 g/bhp-ht 100% 

--------------.-----______I_____1-------1----____________l___l 

Hot Transient Hot Transient 
PM 0.08 g/blip-hr 0.06 g/blip-hr 25% 

NOx 5.25 g/bhp-111 1.55 g/blip-hr 70% 
co 1.12 g/bhp-hr 1.54 g/blip-hr -38% 
HC 0.06 g/bhp-hl 0.00 g/bhp-hr 100% 

26 U.S. EPA On-highway engine certification data. 

27 Emission test results reported in a U.C. Davis study entitled “Urea-SCR System Demonstration and Evaluation for Heavy-Duty Diesel ‘IkIcks: phase 
I, Preliminary Emissions Test Results and Cost-Effectiveness Analysis.” 

28 Emission test results reported in SAE Technical Paper # 2000-O I-O 190, “The Development of Urea-SCR Technology for US tleavy Duty Trucks.” 
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Method & Source Test ‘Engine Information Engine Pollutant Baseline Emission Rate Emission 
rype of Test Company Hours Emissions w/ Controls Reduction 

OKA*’ Southwest Make: Mack OICA OICA 
Research Model: E-Tech E7-350 Not PM 0.04 g/bhp-hr 0.04 g/bhp-hr , 0% 
Institute Year: 1999 Reported NOx 4.86 g/bhp-hr 0.70 g/bhp-hr 86% 

BHP: 350 bhp co 0.29 g/bhp-hr 0.29 g/bhp-hr 0% 
Application: Heavy Duty Truck HC 0.0 1 g/bhp-hr 0.00 g/bhp-hi 100% 
Configuration: Turbocharged and 
Aftercooted 
Fuel Type: 2D Diesel 
Fuel Use: Not Reported 
Exhaust Temp: 

29 Emission test results reported in SAE Technical Paper # 2000-01-0190, “The Development of Urea-SCR Technology for US Heavy Duty Trucks.” 
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DRAFT Control Measure Evaluation 

Item 

IYechnology: 

rechnology Description: 
:HQW does it work?) 

__ -.__ --- _. -- _-__ ---~~ 

Response 

Repower with Tier 2 or Tier 3 certified nonroad engines. 

Replacement of existing diesel engines with engines certified to meet U.S. 
EPA nonroad engine emission standards. The current Tier 2 standards are 
as follows: 
Horsepower Model Year PM Emission Limit 
hp<25 2005 0.60 flhp-hr 
255 hp < 50 2004 0.45 glbhp-hr 
50s hp< 100 2004 0.30 gfbhp-hr 
1001 hp ( 175 2003 0.22 g/bhp-hr 
1751 hp < 300 2003 0.15 g/bhp-hr 
30O<hp<600 2001 0. I5 g/bhp-hr 
600~ bps 750 2002 0.15 g/bhp-hr 
hp > 750 2006 0.15 gfbhp-hr 
The ARB recently adopted emission standards comparable to the U.S. EPA 
Tier 2 standards described above. Tier 3 standards for particulate matter 
will be established upon completion of a technical feasibility review, which 
is scheduled for 200 1. 

4pplicability: ’ 
:What types of engines can the 
Troduct be installed on?) 

This control measure is applicable to’all stationary and portable diesel- 
fueled engines. Currently, engines rated at 175 horsepower or larger and 
designated for nonroad applications must meet a particulate matter emission 
standard. By 2004, all engines designated for nonroad applications must 
meet a particulate matter emission standard. Certified nonroad engines can 
be used in stationary applications. 

4chieved Emission 
Reductions: 

Emission Reduction 
Suarantee: 

zests: 
Initial Retail: 

The federal nonroad engine certification data presented below demonstrates 
that engines are currently available which meet the Tier 2 standards. 
EnFine Make & Model Model Year PM Emission Rate 
Cummins 6CTAA8.3~G 1 1999 0.132 g/bhp-hr 
Caterpillar 3306 1999 0.114 g/bhp-hr 
Daimler-Benz OM 50 1 LA 1999 0.042 g/bhp-hr 
Caterpillar 3408 2000 0.084 g/hhp-hr 
Komatsu SA6D 140E-2 2000 0.125 g/bhp-hr 

Within the limitations of the applicable regulations, certified nonroad 
engines are required to meet the emission standards throughout their useful 
life. ARB and U.S. EPA in-use testing and recall programs ensure 
compliance with these requirements. 

/ 
The initial costs of Tier 2 certified engines range from: $4,290 for a 40 hp 
engine; $6,960 to $18,840 for a 100 hp engine; $12,440 to $32,150 for a 
275 hp engine; $23,100 to $48,370 for a 400 hp engine; and $186,890 for a 
1,400 hp engine. 

Installation: The installation costs range from: $2,380 for a 40 hp engine; $4,390 for a 
100 hp engine; $3,450 to $6,190 for a 275 hp engine; $8,430 for a 400 hp 
engine; and $23,630 fbr a 1,400 hp engine. 
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Response 
---------------------------------------------------------------------- 
Operating costs should be similar to a comparably rated non-certified 
engine. 

Maintenance: 
---------------------------------------------------------------------- 
Engine maintenance requirements should be comparable to the existing 
engine. 

L2ertifications: As previously mentioned, the engines must be certified by the U.S. EPA or 
ARB to meet the applicable nonroad engine emission standard. 

Durability: Federal nonroad engine regulations specify that the useful life of certified 
:How long can the technology nonroad engines is at least: 10 years or 8,000 hours (whichever occurs first) 
)e expected to function under for engines rated at or above 50 horsepower; 7 years or 5,000 hours 
normal operating conditions and (whichever occurs first) for engines rated at or above 25 horsepower but 
;till achieve the specified less than 50 horsepower; 5 years or 3,000 hours (whichever occurs first) for 
zmission reductions?) engines rated at less than 25 horsepower; and 5 years or 3,000 hours 

(whichever &curs first) for constant-speed engines rated at less than 50 
horsepower with rated speeds of 3,000 rpm or more. The ARB recently 
adopted useful life requirements comparable to the federal requirements 
described above. 

Warranty: Federal nonroad engine regulations specify that the warranty period for 
certified nonroad engines is at least: 5 years or 3,000 hours (whichever 
occurs first) for engines rated at or above 25 horsepower; 2 years or 1,500 
hours (whichever occurs first) for engines rated at less than 25 horsepower; 
and 2 years or 1,500 hours (whichever occurs first) for constant-speed 
engines rated at less than 50 horsepower with rated speeds of 3,000 rpm or 
more. The ARB recently adopted warranty requirements comparable to the 
federal requirements described above. 

Affect on Engine Warranty: 
IWhen possible, identify any N/A 
impact the technology may have 
3n an engine’s warranty.) 

Adverse Impacts: 
Environmental: No known adverse environmental impacts. 

---_---__------------------------------------------------------------- 
Safety: No known adverse safety impacts. 

Special Operating 
Requirements: None 
(e.g. ultra-low sulfur fuel or 
minimum exhaust temperature, 
etc...) 

Current Status: . 
(Is the technology commercially Engines are currently available which meet the Tier 2 nonroad engine 
available, or is it still under emission standards. All new nonroad engines rated at or above 175 
development? How many horsepower must meet the current Tier 1 particulate matter standard of 0.4 
engines has the technology been g/bhp-hr. Tier 2 standards will be phased in over a 5 year period beginning 
installed on, and how long has in 2001. Tier 3 standards are expected to be phased in between 2006 and 
the technology been in use?) 2008. 
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Item Response 

Other: 
(e.g. fuel penalty, reduced 
product life, weight, affect on 
engine performance, etc...) 

N/A 

Impacts of Lower Sulfur 
Diesel Fuel 

Although not required to implement this control-measure, the use of uhra- 
low sulfur fuel should reduce the sulfate fraction of diesel particulate 
matter. 

Comments: 
(Address other issues relevant 
to the use of this technolo,T, 
including other advantages / 
disadvantages of using the 
technology.) 

The disposition of surplus engines must be addressed. 
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List of Stationary &/or Portable Applications 

Technolow Name: RePower With Certified Nonroad Engines 
1 

Facility / 
Operator 

Pool California 
Energy Services 

Alturdyne Motion 
Picture Services 

Johnson Power 
Systems 

Prime Equipment 

Nesco Leasing 

Engine 
Information 

Make: Caterpillar 
Model: 3406E DITA 
Horsepower: 582 hp 
Application: Generator 
Fuel Type: CARB Diesel 

Make: John Deere 
Model: 608 1 AF 
Horsepower: 300 hp 
Application: Generator 
Fuel Type: CARB Diesel 

Make: Caterpillar 
Model: 3406 
Horsepower: 5 19 
Application: Unknown 
Fuel Type: CARB Diesel 

Make: Komatsu 
Model: SA6DI 08E 
Horsepower: 2 17 
Application: Generator 
Fuel Type: CARB Diesel 

Make: Komatsu 
Model: SA6D125E-2 
Horsepower: 345 
Application: Generator 
Fuel Type: CARB Diesel 

Permit I 
Registration 

Number of 
Applications 

Time in 
Service 

PM Emissiou 
Limit 

Statewide Portable 1 1 year 0.4 g/blip-hr 
Equipment 

Registration Program 
Regist. No: 103700 

Statewide Portable 
Equipment 

Registration Program 
Regist. No: 101807 

I 2 years 0.4 g/bhp-hr 

Statewide Portable 
Equipment 

Registration Program 
Regist. No: I05006 

1 1 year 0.4 g/bhp-hr 

Statewide Portable 
Equipment 

Registration Program 
Regist. No: 104797 

1 I year 0.4 g/bhp-ht 

Statewide Portable 
Equipment 

Registration Program 
Regist. No: 104026 

1 2 years 0.4 g/blip-hr 

PM Emissiou Test 
1 Results 

N/A 

N/A 

N/A 

N/A 

N/A 
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List of Emission Test Results 

Tcchnoloirv Name: Repower With Certified Nonroad Engines 

Method & 
Type of Test 

IS0 8 178-D2 
5-mode 

steady-state 

IS0 8178X1 
g-mode 

steady-state 

Source Test 
I 

Product 
Company Information 

U.S. EPA Certified 
Nonroad Nonroad 
Engine Engine 

Certification 
Data 

US. EPA 
Nonroad 
Engine 

Certification 
Data 

Certified 
Nonroad 
Engine 

Engine Information Pollutant 

Make: Cutntnins 
Model: C8.3, 6CTAA8.3-Gl 
Year: 1999 
BHP: 280 
Application: Pump, Cotnpressor, 
Getlerator Set, Crane, etc... 
Configuration: Turbo, Afiercoolet 
Engine Hours: n/a 
Fuel Type: CARB Diesel 
Fuel Use: Not Reported 
Exhaust Temp: Not Reported 

PM 
NOx 
co 
HC 

Make: Caterpillar 
Model: 3306 
Year: 1999 
BHP: 397 
Application: Generator Set, Industrial, 
Excavator, etc... 
Configuration: Turbo, Aftercooler 
Engine Hours: n/a 
Fuel Type: CARB Diesel 
Fuel Use: Not Reported 
Exhaust Tetnp: Not Reported 

PM 
NOx 
co 
HC 

- 

86 

Emission Rate 
w/ Controls ’ 

0.132 g/bhp-ht 
6.32 g/bhp-hr 
0.62 g/bhp-hr 
0.45 g/&p-hr 

0.114 g/bhp-hr 
4.65 g/bhp-hr 
1.35 g/blip-hr 
0.19 g/bhp-hr 

Control 
Efficiency 

N/A 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 
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Method & 
Type of Test 

IS0 8178-Cl 
S-mode 

steady-state 

Source Test 
Company 

U.S. EPA 
Nonroad 
Engine 

Certification 
Data 

Product Engine Information Pollutant Emission Rate Control 
Informatioh wl Controls Efficiency 

Certified Make: Daimler-Benz AG PM 0.042 g/bhp-hr N/A 
Nonroad Model: OM 501 LA NOx 4.97 g/bhp-hr N/A 
Engine Year: 1999 CO 0.40 g/blip-hr ’ N/A 

BHP: 422 HC 0.15 g/blip-hr N/A 
Application: Not Reported 
Configuration: Turbo, Aftercooler 
Engine Hours: n/a 
Fuel Type: CARB Diesel 
Fuel Use: Not Reported 
Exhaust Temp: Not Reported 

IS0 8178-Cl U.S. EPA Certified Make: Caterpillar PM 0.084 g/blip-hr N/A 
S-mode Nonroad Nonroad Model: 3408 NOx 5.84 g/blip-hr N/A 

steady-state Engine Engine Year: 2000 co 0.90 g/blip-hr N/A 
Certification BHP: 750 HC 0.07 g/blip-hr N/A 

Data Application: Industrial 
Configuration: Turbo, Aftercooler 
Engine Hours: n/a 
Fuel Type: CARB.Diesel 
Fuel Use: Not Reported 
Exhaust Temp: Not Reported 

IS0 8178-Cl 
S-mode 

steady-state 

U.S. EPA 
Nonroad 
Engine 

Certification 
Data 

Certified Make: Komatsu PM 0.125 g/bhp-hr N/A 
Nonroad Model: SA6D 140E-2 NOx 5.722 g/bhp-ht N/A 
Engine Year: 2000 CO 0.32 I g/bhp-hr N/A 

BHP: 375 HC 0.221 g/blip-hr , N/A 
Application: Generator Set, Dozer 
Configuration: Turbo, Aftercooler 
Engine Hours: n/a 
Fuel Type: CARB Diesel 
Fuel Use: Not Reported 
Exhaust Temp: Not Reported 
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DRAFT Control Technology Evaluation 

Item 

Product Name: 

Product Vendor: 

Vendor Address: 

Unikat Combifilter 

Engine Control Systems 

165 Pony Drive 
Newmarket, Ontario 
Canada, L3Y 7Vl 

Response - 

Product Description: The product is a diesel particulate filter system which incorporates electrical 
J-Iow does it work?) regeneration. 

Typically, the particulate filter media consists of either a ceramic wall-flow 
monolith (e.g. cordierite or silicon carbide) or woven ceramic fibers. The 
ceramic wall-flow monoliths capture diesel particulate matter primarily 
through surface filtration, and the woven ceramic fibers capture diesel 
particulate matter though depth filtration. 

To prevent plugging of the filter media and to minimize system 
backpressure, particulate filters must be periodically cleaned. This process 
of cleaning a particulate filter, termed regeneration, involves the oxidation 
of the collected particulate matter. Where passive particulate filter systems 
incorporate catalyst material to lower the temperature at which the collected 
particulate matter oxidizes, this technology actively regenerates the 
particulate filter via an electrical heating element. The regeneration is 
electronically controlled and can be completed in either 30 minutes or 8 
hours, depending upon the system chosen. 

Applicability: 
Iwhat types of engines can the 
jroduct be installed on?) 

khieved Emission 
Reductions: 

Individual particulate filter systems are available for diesel-fueled engines 
rated at between 25 and approximately 200 horsepower. Multiple filter 
elements can be used together for larger applications. 

Product Test Cvcle PM Reduction 
Unikat Combifilter Special Transient 81% 
Unikat Combifilter with IS0 8178 95% 

oxidation catalyst 

Emission Reduction 
harantee: 

zests: 
Initial Retail: 

Installation: 

Operating: 

D The manufacturer guarantees that their product will reduce diesel PM 
emissions by at least 80%. 

The initial cost is approximately: $4,450 for a 40 hp engine; $5,780 for a 
100 hp engine; $11,690 for a 275 hp engine; $14,000 for a 400 hp engine; 
and $40,250 for a 1,400 hp engine. 
_____-___--____----L------------------------------------------------- 
For single and dual filter systems: $206 - $5 18 (Assuming 2 - 6 hours x 
$7S/hr + $50 in mist parts.) 
----c------I--------------------------------------------------------- 
For a generator larger than 275 hp, the cost to regenerate the filter is about 
1% of the energy produced. The regeneration cost is higher for smaller 
engine generator sets--up to 7% for a 40 hp engine. In addition, fuel 
consumption may increase by one to one and a half percent due to 
additional backpressure. 
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Item 

Maintenance: 

Comments: - 

Response 
_--------------------------------------------------------------------- 
$3 12 for prime engine (Assume 2 cleanings at 2 hours-labor each- total of 
4 hours labor per year.) and $156 for emergency backup engine every five 
years (Assume 2 hours labor). 

--------------------_______________^____------------------------------ 
The particulate filter systems must be cleaned every 1,000 - 1,500 hours of 
service to remove accumulated ash. The exact interval is dependent on lube 
oil consumption. 

Certifications: Product Certification Agency 
Unikat Combifilter 80% diesel PM Removal Swiss VERT Program 

Unikat Combifilter 80% diesel PM Removal Sweden Environmental 
Zones--Off-road 

Durability / Product Life: 
[How long can the technology Some installations have been in operation over 20,000 hours. The 
be expected to function under manufacturer does not provide a guarantee for product life. 
normal operating conditions and 
still achieve the specified 
emission reductions?) 

Product Warranty: The manufacturer provides a twelve month limited warranty covering 
manufacturing defects and workmanship. Other warranties may be 
provided on a case by case basis. 

Affect on Engine Warranty: 
(When possible, identify any The engine manufacturer should be contacted to determine the specific 
impact the technology may have impact of the product on an OEM engine warranty. However, the 
on an engine’s warranty.) technology is sized to stay within OEM backpressure limitations. 

Adverse Impacts: 
Environmental: There are no known adverse environmental impacts. 

~-~----~-~---~~----~~~~---~-------~~~---~~~~-~~~~~---~~~----~--------~ 
Safety: There are no known adverse safety impacts. 

Special Operating 
Requirements: 230V or 400V electrical service is required. 
(e.g. ultra-low sulfur fuel or 
minimum exhaust temperature, 
etc...) 

Current Status: 
(Is the technology commercially The technology is commercially available in Europe and Asia and has been 
available, or is it still under employed on captive fleet vehicles such as fork lifts and front end loaders, 
development? How many stationary and mining engines with total installation base of 3,000. 
engines has the technology been According to the manufacturer, the product will be marketed in the United 
installed on, and how long has States as of September 1,200O. 
the technology been in use?) 
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Item 

Other: 
~ (e.g. fuel penalty, reduced 
product life, weight, affect on 
engine performance, etc...) 

~ Impacts of Lower Sulfur 
Diesel Fuel: 

Comments: 
(Address other issues relevant 
to the use of this technology, 
including other advantages / 
disadvantages of using the 
technolopv.) 
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Response 

The size and weight of actively regenerated DPF’s are as follows: 
ETP Diameter Lentih Weipht 
40 hp 13.8” - 25.7” 7.4” - 10.8” 53 lb - 64 lb 
100 hp 12.2” - 14.5” 14.6” - 28.4” 64lb- 179Ib 
275 hp -- -- -_ 
400 hp 2 @ 13.8” 2@20” - 2 @ X6 lb 

The product can be used with California’s existing diesel fuel formulations. 

The product regenerates independently of engine exhaust temperature and is 
suitable for any size engine working under any duty cycle including long 
idle or light load conditions. 
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List of Stationary &/or Portable Applications 

Technology Name: Unikat Combifilter 

Facility / Engine 
Opcratw Information 

‘l‘licrc arc’ 1111 C,I~CI\\ 11 zl;Ic;t~~ 

put:~l~lt- Iv \1 1tt.111 II\ zlcvlt~l 
;1pp11‘.1!1~'11~ I IllI .I! \p~1111A11~'11 

C’ollilufiltCf III Ii \ I rlcl I ! IV 
-__-__l..,- 

I lo\r c1.cI, a hlilhC: <‘urrllliins 
Combifillcr system is Model: 135.9 
operational in Application: Taylor lift 
Welland, Ontario, truck 
Canada. Fuel Type: Diesel, 

unknown S concentration 

Permit / 
Registration 

Number of Time in PM Emission PM Emission Test 
Applications Service Limit , Results 

1 27 Months 
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List of Emission Test Results 

Technology Name: Unikat Colnbifilter 

Method & 
rypc of Test 

Special 
transient 

cycle 
designed for 

a specific 
backhoe 

application. 

IS0 8178 Cl 

Source Test 
Company 

Emission 
Research and 
Measurement 

Division, 
Environment 

Canada3’ 

AB Svensk 
Bitprovning 

Product 
Information 

Combifiltet 

Mfg. by 
Engine 
Control 
Systems 

Combifitter 
with oxidation 

catalyst 

Mfg. by 
Engine 
Control 
Systems 

Engine Information 

Make: Caterpillar 
Model: 3054DII 
Year: 1994 I 
BHP: 84 
Application: Backhoe 
Configuration: Unknown 
Engine Hours: Unknown 
Fuel Type: 530 ppm S Diesel 
Fuel Use: 4.66 kg/hr 
Exhaust Temp: Unknown 

Make: Perkins 
Model: 1004T 
Year: Unknown 
BHP: about 44 (for 33.7 kw) 
Application: Unknown 
Configuration: Unknown 
Engine Hours: Unknown 
Fuel Type: 30 ppm S Diesel 
Fuel Use: 234-236 g/kwh 
Exhaust Temp: Unknown 

Pollutant 

PM 
NOx 
co 
HC 

PM 
NOx 
co 
HC 

Baseline 
Emissions 

8.46 g/h! 
93.79 g/hr 
4 1.66 g/hr 
5.47 g/hr 

0.59 g/kwh 
13.1 g/kwh 
4.7 1 g/kwh 
0.48 g as 

CH,,,,/kwh 

Emission Rate Control 
w/ Controld Efficiency 

I .77 g/hr 
98.70 g/hr 
37.56 g/hr 
5.17 g/hr 

0.03 g/kwh 
ullk 

0.11 g/kwh 
0.04 g as 

CH,,,,/kwh 

95% 
NA 
98% 
92% 

j” Study reported in SAE Technical Paper #1999-O 1-O I IO entitled “The Impact of Retrofit Exhaust Control Technologies 01) Elnissions front Heavy- 
Duty Diesel Construction Equipment.” 
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Method & Source Test Product Engine Information Pollutant Baseline Emission Rate Control 
Type of Test Company Information Emissions w/ Controls Efficiency 

IS0 8178 Cl AB Svensk Combifilter Make: Scania PM 0.21 glkwh 0.0 1 g/kwh 95% 

Bilprovnillg with oxidation Model: Unknown NOx 9.65 g/kwh 9.68 g/kwh -0.3% 
catalyst Year: Unknown co 0.98 g/kwh 0.12 g/kwh ’ 88% 

BHP: 150 (for 114.9 kw) HC 0.89 gas 0.07 g as 92% 
Mfg. by Application: Unknown CH,.,,/kwh Cl-! ,,,,/kwh 
Engine Configuration: Unknown 
Control Engine Hours: Unkown 
Systems Fuel Type: 30 ppm S Diesel 

Fuel Use: 223-225 g/kwh 
Exhaust Temp: Unknown 
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