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Preface

This draft White Paper includes the South CoastAiality Management District
(AQMD) staff's feasibility analysis for reducing &sions from yard tractors which
entails background information, a technology assess with preliminary cost-
effectiveness calculations, an evaluation of pdss#gulatory approaches, and
recommendations for future rule development.

As part of the 2003 AQMP adoption Resolution, tlev&ning Board committed the
AQMD to conduct a number of feasibility studies feducing emissions from several
mobile source categories in order to expediterttidementation of long-term measures.
If measures were determined to be feasible teclyaad legally, staff would proceed
with rule development. This White Paper satisfiesAQMP commitment for
conducting the feasibility study of yard tractots.addition, this analysis is consistent
with the requirement to evaluate yard tractorgpfmssible controls as part of the
enhancement to the AQMD’s Environmental Justice@m.

Staff presented the concepts set forth in this 8/Raper to AQMD’s Mobile Source
Committee on February 27, 2004, whose members cattwith staff's

recommendation to proceed with rule developmentrgensurate with AQMD’s
authority. Accordingly, staff will initiate the i&idevelopment process by releasing the
draft White Paper, establishing a stakeholders ingrgroup, and developing the specific
rule requirements.






Executive Summary

EXECUTIVE SUMMARY

As part of the commitments under the 2003 Air Quallanagement Plan (AQMP) as well
as implementation of the enhancements to the SQaast Air Quality Management
District's (AQMD) Environmental Justice Program, MD staff conducted a feasibility
study for reducing emissions from diesel-powered yeactors.

Diesel powered yard tractors, also known as yasdléns or yard spotters, are truck tractors
which are used to transfer semi-truck or tractailér containers in and around storage,
transfer, or distribution yards or areas (e.g.t penminals, locomotive switching yards, and
distribution centers). This White Paper provides tesults of the feasibility study including

background information, a technology assessmentewaiuation of possible regulatory

approaches, and recommendations for subsequent development. The potential

regulatory approaches for this source may alsodmpticable to other off-road intermodal

equipment.

The results of the feasibility study indicate thiaere has been considerable public and
private effort to develop emission control stra¢ésgfor diesel engines applicable to yard
tractors, including retrofit controls, alternatideesel fuels, and integrated hardware systems
with alternative diesel fuel. Proven emission cointechnologies that are commercially
available and verified by the California Air Resoces Board (CARB) for off-road
applications (e.g. yard tractors) are diesel oxithatcatalyst/crankcase emission control
systems (approximately 25% reduction in PM10 erorssi and emulsified diesel fuel
(approximately 60% reduction in PM10 and 15% reiducin NOx emissions). Other viable
control strategies for controlling emissions froarg tractors include alternative fueled (i.e.,
natural gas, liquefied propane gas) vehicles abaselehicles which are powered by engines
certified to on-road engine standards, rather thanoff-road engines that typically power
yard tractors.

Based on the feasibility analysis, the most cotetize method of reducing emissions from
existing yard tractors is the use of yard tracteith on-road certified engines. The cost-
effectiveness of using on-road certified enginegard tractors ranges from approximately
$200 - $3,100 per ton of NOx+PM reduced dependimgvbich models of off-road yard
tractors (i.e., uncontrolled, Tier 1, Tier 2, oefB3) are replaced with yard tractors powered
by on-road certified engines.

A number of possible regulatory approaches wer ialgestigated by AQMD staff for yard
tractors including: Fleet Rule Approach; Indirectu&e Approach; Retrofit Approach; and
Air Toxics Reduction Approach. The four approacivese evaluated based on the AQMD’s
extent of existing legal authority over yard trastoBased on the analysis, staff recommends
pursuing an indirect source rule approach for reduemissions from yard tractors. Under
this approach, staff would develop an indirect seuule that would establish use restrictions
(e.q., hours of operation, fuel consumption) fordyractors operated at ports. As part of
rule development and in lieu of use restrictiongffswould also consider including
alternative compliance options at the choice ofimgent operators that would result in
equivalent emission reduction benefits. Thesearatere compliance options could include
strategies such as a fleet average emission ratehgse/retirement requirements, operational
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Feasibility Study for Controlling Emissions from pdarractors

improvements, alternative fuels option, or a mtiga fee. Following the release of this

White Paper, staff will proceed with rule developr& conjunction with all stakeholders.

The next phase of rulemaking will be developedyiad tractors operated at rail yards and
distribution centers.

Draft White Paper ES-2 April 2004



Chapter 1: Background

INTRODUCTION

Yard tractors, also known as yard hostlers or ygpdtters, are truck tractors (typically
ranging from approximately 150 to 250 horsepowsdricty are used to transfer semi-truck or
tractor-trailer containers in and around storagadfer, or distribution yards or areas (e.g.,
port terminals, locomotive switching yards, andtritisition centers). This White Paper is
intended to provide a feasibility study for conlirgd emissions from diesel powered yard
tractors and consists of an emissions inventorgsassent, control technologies evaluation,
cost-effectiveness analysis, and an evaluatiorotdrtial regulatory approaches and specific
recommendations for future actions. The impetustlics study is based on a number of
AQMD Governing Board actions, including those rethto the AQMD’s Air Toxics Control
Plan, the AQMD’s Environmental Justice program, #mel 2003 AQMP. These programs
are briefly summarized below and described in gredetail later in this chapter.

In August 1998, CARB identified particulate matberm diesel engine exhaust as a toxic air
contaminant (TAC) [Http://www.arb.ca.gov/regact/diesltac/diesltachtm In 1999, the
AQMD conducted Multiple Air Toxics Exposure StudMATES) Il which identified mobile
sources, particularly diesel exhaust, as the oveliwing contributor to local air toxic risk
levels fttp://www.agmd.gov/matesiidf/matestoc.htm The findings showed that the cancer
risk from toxic air pollution averages about 1,40G million in the region with 71 percent
of this cancer risk attributable to diesel pariate) as shown in Figure 1-1.

Without Diesel With CA Diesel Toxicity
Benzene
24% All Others

14%

Benzene

1,3
Butadiene
28%

All Others
48%

406 1,400
in a million in a million

Figure 1-1
Estimated Average Basin Toxic Risk Contributions

Based on the results of the MATES Il study, the AQIdoverning Board in March 2000
adopted the Air Toxic Control Plan which includediuamber of control strategies targeting
emissions from diesel engines used in mobile ssurce

! To further monitor and evaluate urban air toxitssions, AQMD is currently conducting a MATES s$tudy,
which began early 2004 and will last approximatate year.
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Feasibility Study for Controlling Emissions from pdarractors

In September 2002, the AQMD Governing Board appioad3 enhancements to its
Environmental Justice Program. Environmental dastnhancement 1ll-1 cites yard tractors
as a local source of PM10 and NOx emissions thet In@t been subject to strict emission
requirements in the past, and seeks to developrégsiens inventory and provide emission
reduction opportunities from this equipment catggoA second enhancement directed staff
to develop a white paper on regulatory optionsaddressing cumulative impacts from air
pollution sources. The White Paper on Potentiaitf@b Strategies to Address Cumulative
Impacts From Air Pollutionhttp://www.agmd.gov/rules/CIWG.hfjrwas approved by the
AQMD Governing Board in September 2003. One of il@mmendations of this White
Paper was the development of a rule for reducings®ans from yard tractor at ports, rail
yards, and distribution centers as an early acdtéan in the 2004-2005 timeframe.

The modeling analysis performed as part of the 2RQBAP demonstrates that significant
emission reductions are required to meet the fédH0 and ozone standards, especially
reductions from mobile sources. In order to commaet the proposed state and federal
source control measures in the 2003 AQMP, the AQMI3 introduced two new control
measures which are aimed at achieving additionésom reductions from on- and off-road
mobile sources. In addition to the two control sweas, the Governing Board’'s 2003 AQMP
adoption Resolution directs staff to conduct a ifelity study on developing control
strategies (e.qg., fleet rule) for yard tractorsrafe at ports and other facilities.

DESCRIPTION OF SOURCE CATEGORY

The vast majority of yard tractors operated in Basin are used by private operators at the
ports and rail yards, with smaller numbers usedvatehouse/distribution centers. Yard
tractors are generally used off-highway and withi& confines of private properties and are
thus classified under the off-road diesel engineeg@y. A smaller percentage of yard
tractors are powered by on-road certified engingshsthat, if properly equipped and
licensed, can travel on a public roadway. As dised later in this chapter, the significance
of the type of engine (i.e., off-road or on-roadlptes to the emission standards to which the
engine is certified. On-road engines are subgdtricter emission limitation than are off-
road engines.

plaL
oy

Diesel powered yard tractors are available withireggy of varying horsepower, generally
ranging from approximately 150 — 250 horsepowerardYtractors powered by off-road
engines typically are of less horsepower than theiroad counterparts. The average life of
a yard tractor is approximately ten years, thoughesport terminal operators have indicated
a turnover of less than five years for tractorsaurggvere use.

Based on recent studies performed by the Ports o Angeles and Long Beach in
conjunction with CARB, EPA, and AQMD, there are appmately 1,100 yard tractors used
at the ports each of which operate on average appately seven hours per day. The
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Chapter 1: Background

emissions associated with the operations of thebeeches are estimated to be approximately
7.4 and 0.5 tons per day NOx and PM10, respectively

Railroads also operate a relatively large numbeyandl tractors in the district. One of the
two major railroad operators has approximately §&@ tractors in service in the district;

yard tractor population data from the other magolroad is not yet available. Yard tractors
are also operated at distribution centers, bubwaet populations per distribution center as
compared to ports or rail yards.

REGULATIONS AND PROGRAMS AFFECTING YARD TRACTORS

There are a number of air quality control strateged programs that target off-road
equipment, including yard tractors. The followiagbsections discuss applicable control
strategies of the AQMD, CARB, U.S. EPA, the Porftd ong Beach and Los Angeles, and
others.

AQMD Programs

AQMD’s Environmental Justice Program

In October 1997, AQMD’s Governing Board adopteddguy principles and initiatives
(http://www.agmd.gov/ej/EJ_page.htnmio ensure environmental equity (“environmental
justice”) among Basin residents. At the Septem®@d2 Public Hearing, the AQMD
Governing Board approved 23 enhancements to thé&rdimwental Justice program. The
enhancements are intended to further identify althlesss concerns and serve as the basis for
further outreach and problem-solving activitiesareling short- and long-term environmental
justice issues. The enhancements are divided thmee categories: |I. Further-Reduced
Health Risks, Il. Greater Community Access and lmexment, and Ill. Economic Incentives
for Accelerated Mitigation. Environmental Justi@nhancement IlI-1 sets forth the
following specific proposal for intermodal equipnten

Develop a low-emission and clean-equipment control measure for the category of off-
road intermodal equipment, such as that operated at ports and large distribution
centers.

Environmental Justice enhancement IlI-1 cites yeadtors as a local source of PM10 and
NOx emissions that have not been subject to stnwssion requirements in the past, and
requires staff to develop an estimated emissionenitory and provide emission reduction
opportunities from this equipment category. Cadntqations to be considered may include,
but are not limited to, add-on (i.e. retrofit) canl$, use of advanced fuels, and alternative
technologies.

AQMD’s Air Toxic Control Plan

The concept for a Air Toxics Control Plahttp://www.agmd.gov/agmp/atcp.htmis an

outgrowth of the Environmental Justice principlesl ahe Environmental Justice Initiatives
adopted by the Governing Board in October 1997. telistve air monitoring under
Environmental Justice Initiative #2 (MATES IlI) amwdork under Environmental Justice

Draft White Paper 1-3 April 2004



Feasibility Study for Controlling Emissions from pdarractors

Initiative #10 (related to air toxics rules for nand existing sources) highlighted the need
for a more systematic approach to reducing airckgmissions.

The Air Toxics Control Plan is a planning documela@signed to examine the overall
direction of the AQMD's air toxics control progranThe plan is not required by state or
federal law, nor is it a legally binding documerit.includes strategies that aim to reduce
toxic emissions and risk from both mobile and etadry sources. Strategies that are deemed
viable and are within the AQMD's jurisdiction areepented to the Governing Board for
further consideration through the normal publicieav process. Strategies that are to be
implemented by other agencies are developed iroperative effort and the progress will be
reported back to the AQMD Governing Board periolliyca The Air Toxics Control Plan,
which was originally adopted in 2000, is expectedndergo an update in 2004.

The Air Toxics Control Plan includes a number afittol strategies targeting emissions from
mobile sources (i.e., diesel engines), including-MBL-03: Control of Diesel Particulate

Emissions Through Aftertreatment, AT-MBL-04: Contaf Diesel Particulate Emissions
through Engine Design Modification, and AT-MBL-0&lternatively Fueled Engines.

2003 Air Quality Management Plan

To ensure continued progress toward clean air amchply with state and federal
requirements, the AQMD in conjunction with CARB artle Southern California
Association of Governments (SCAG) has prepared20@3 revision to its Air Quality
Management Plan (AQMPhitp://www.agmd.gov/agmp/AQMDO3AQMP.h)m The 2003
AQMP employs up-to-date science and analyticalst@id incorporates a comprehensive
strategy aimed at controlling pollution from allusces, including stationary sources, on-road
and off-road mobile sources and area sources.

The 2003 AQMP revision points to the urgent needsignificant emission reductions to
meet all federal criteria pollutant standards witthie time frames allowed under the federal
Clean Air Act. The majority of these reductionsulbbe associated with mobile sources
which are under state/federal jurisdiction and aotdor over 70% of ozone precursor
emission in the South Coast Air Basin. Therefor@rder to complement the proposed state
and federal source control measures, the AQMD hi@educed two new control measures
aimed at achieving additional emission reductiaienf on- and off-road mobile sources.
These new control measures are briefly describkhbe

Control Measure #FSS-06: Further Emission Redustioom In-Use Off-Road Equipment
and Vehicles proposes that in the event that th&kEAr U.S. EPA does not develop
aggressive programs to reduce emissions from inafseoad equipment and vehicle
categories (e.g., construction and industrial emeipt, recreational vehicles, utility
equipment), the AQMD would exercise its authoriby $eek to obtain additional authority)
to develop regulations to retrofit existing engiresaccelerate the engine turn-over rate.
Control Measure #FSS-07: Emission Fee ProgramdarRelated Mobile Sources proposes
an emissions fee program for in-use port relatetil@sources, which would potentially
apply to fleet operators of trucks and off-road ipment as well as railroads and shipping
and trucking companies. The AQMD will use the nesncollected from the program to
implement projects with a focus to achieve emissemtuctions from in-use on-road and off-

Draft White Paper 1-4 April 2004



Chapter 1: Background

road mobile sources. When developing this contnehsure, staff may consider setting
emission targets as a companion option in lieulsséssing emission fees.

In addition to these two control measures, the @omg Board’'s 2003 AQMP adoption
Resolution directs staff to provide progress repan the identification of new control
measures to achieve long-term reductions, incluthegimplementation of AQMD's Action
Plan to Expedite Implementation of Long-Term Measur(2003 AQMP Resolution
Attachment 2C). AQMD’s Action Plan sets forth anwoitment to conduct feasibility
analyses for specific control strategies in acaocdavith the schedule outlined therein. The
control of emissions from yard tractors is onehaf tontrol strategies identified in the Action
Plan for which a feasibility analysis must be coetdd in the 2003/2004 timeframe followed
by a rule adoption in the 2004/2005 timeframe cuagent upon the feasibility determination.

AQMD Technology Advancement Office Programs

The AQMD Governing Board established the Technoldglyancement Office (TAO) in
1988 to assist the private sector in acceleratiegdevelopment of low- and zero-emission
technologies. Since its inception, AQMD has coefeth more than 250 projects involving a
wide array of low-emission technologies and cleagl-Applications. TAO co-sponsors such
projects with private companies, research insstutether government agencies and
universities. An example of a TAO project relatieeyard tractors was the execution of a
U.S. EPA grant to retrofit yard tractors with diesgidation catalysts at the Port of Long
Beach in April 2003 I{ttp://www.agmd.gov/hb/03049a.htnl

State Emissions Mitigation Fund

In 2001, Governor Davis created a statewide NOx RiReduction Program to mitigate
excess emissions from peaker power generation tnaitsvere needed to alleviate the power
crisis in California. To recognize State fundsnir€€ARB, the AQMD Governing Board
established a State Emissions Mitigation Fundsatfitly 20, 2001 public meeting. Under
this program, CARB allocated the use of $1,000,fa0(rojects at the Port of Los Angeles
to reduce NOx and PM emissions from re-poweringalifueled marine vessel engines,
yard tractors, portside equipment, and the useltefnative fuels and emission control
technologies. As required by the program, the értos Angeles matched CARB’s
contribution with an additional $1,000,000 throughMemorandum of Agreement, which
was executed on February 12, 2003. In discussienseen the Port of Los Angeles staff
and AQMD staff, it was decided that the availahieds be evenly allocated between marine
vessels and landside equipment to maximize thquaility benefits for the available funds.
A component of this program is to install dieseidation catalysts on marine terminal
equipment (including yard tractors), a portion dfigh is to be used in conjunction with
emulsified diesel fuel. According to the Port odsLAngeles, approximately 300 diesel
oxidation catalysts have been installed to datprapmately 300 more will be installed
pending completion of the appropriate contracts.
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CARB Programs

Engine Standards

The federal Clean Air Act grants California thetarity to adopt and enforce standards to
control mobile source emissions within Californieatt are as stringent, or more stringent,
than the federal requirements. California has stbpmission standards for diesel engines
used in yard tractors that are equivalent to fddgamdards.

The large majority of yard tractors are used offlwvay and within the confines of private

property and thus are considered off-road equipraadt must meet off-road diesel engine
standards. A small percentage of yard tractors dmsigned and licensed for on-road
applications such that they can travel on a puldedway. Yard tractors using on-road

engines (whether or not licensed for on-road operatmust meet on-road diesel engine
standards. Off-road and on-road diesel enginalatds adopted by CARB and approved by
U.S. EPA are discussed in the subsections below.

Off-Road Diesel Engine Standards

In January 1992, CARB adopted exhaust emissiorlatds for off-road diesel-cycle engines
175 hp and greater to be effective starting with 1896 model year engirfesPrior to 1996,
emissions from off-road diesel engines between &A8 750 hp were uncontrolled.
According to CARB, estimates of NOx emission levietsn uncontrolled off-road engines
range from 8.2 grams per break horsepower-houhgghin) to 14 g/bhp-hr. In January 2000,
CARB adopted amendments to existing California smrs standards which harmonized
them with the federal standards (adopted Augus8199hese standards consist of a tiered
structure of emission limits based on engine powkable 1-1 summarizes the existing and
future emission standards for off-road enginesiagble to yard tractors

On-Road Diesel Engine Standards

CARB first began regulating new on-road heavy-dushicles in 1969 with exhaust
standards for ROG and carbon monoxide (CO). Sihaetime, CARB has expanded its
control program to include NOx and PM emission oantequirements. Since 1998, heavy-
duty diesel engines, exclusive of urban bus en§irres/e been required to certify to a 4.0
g/bhp-hr NOx standard and a 0.10 g/bhp-hr PM stahdaThese standards are further
reduced in 2004 and again in 2007 as shown in ThBle

2 Emission standards were adopted with differenectife dates for off-road diesel engines with other
horsepower-ratings.

% vard tractor engines typically fall within thempximately 150-250 hp range.

* Urban bus engines produced for sale in Califotrsse generally been subject to more stringent émniss
standards sooner than other classes of heavy-ikggldngines; hence, they have been requiredrtifyde a

4.0 g/bhp-hr NOx standard and a 0.05 g/bhp-hr Rividsird since 1996.
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Chapter 1: Background

Table 1-1
Off-Road Compression- Ignition (Diesel) Engine Stattards
(g/bhp-hr)
Engine Size / NMHC+NOx* HC NOX PM CO
Model Year
100to <175 hp
1997 (Tier 1) - - 6.9 - -
2003+ (Tier 2) 4.9 -- - 0.22 3.7
2007+ (Tier 3) 3.0 -- - 0.22 3.7
175 to < 300 hp
1996 (Tier 1) - 1.0 6.9 0.40 8.5
2003+ (Tier 2) 4.9 -- - 0.15 2.6
2006+ (Tier 3) 3.0 - - 0.15 2.6
NMHC = non methane hydrocarbons
* NOx fraction default value = 0.95 (Carl Moyer Bram Guidelines, Table 3.2)
Table 1-2
On-Road Diesel Engine Standards
(g/bhp-hr)
NMHC+NOx* NMHC NOx PM (6{0)
1998 - 1.2 (THC = 1.3) 4.0 0.10 155
2004
Option 1 2.4 -- -- 0.10 155
Option 2 2.5 0.50 -- 0.10 15.5
2007 - 0.14 ** 0.20 ** 0.01 -

NMHC = non methane hydrocarbons
* NOXx fraction default value = 0.95 (Carl Moyer Bram Guidelines, Table 3.2)
** Applicable to phase-in schedule based on % &#sa&0% from 2007 to 2009 and 100% in 2010. Itis

expected that manufacturers will produce enginestimg 1.2 g/bhp-hr for 2007-09 model years undiemadd

averaging provision.

CARB’s Mobile Source Control Strategy

The 2003 State and Federal Strategy for the CaldorState Implementation Plan
(http://www.arb.ca.gov/planning/sip/stfed03/stfed®8) includes three control measures
which are applicable to equipment such as yardara¢OFF-RD-CI-1, OFF-RD-CI-2, and
ON-RD HVY-DUTY-3). Control Measure OFF-RD-CI-1 tpats in-use PM emissions from
the existing fleet of off-road vehicles (though CBRtaff expects VOC reductions to be

realized as well).

The control measure envisiopsrators selecting emission reduction

strategies such as retrofit control technology,imgepowering, old vehicle retirement, or
replacement of vehicle with new model.
implement a registration and inspection programefasting heavy-duty off-road equipment

to detect excess emissions.

Draft White Paper
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Control Blea OFF-RD-CI-2 proposes to

Control measure ONAR-DUTY-3 is a comprehensive
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measure intended to control emissions from both @@ in-use heavy duty on-road
vehicles. The measure’s individual components BiM: In-Use Emission Control Fleet
Rules, Engine Software Upgrades (for 1993 throu@®B8Iimodel year engines using “defeat
devices”), On-Board Diagnostics, Manufacturer-Regpii In-Use Vehicle Testing, and
Reduced Truck and Bus Idling. The control straegset forth in these three control
measures are scheduled for adoption between 2@D2049.

As part of the adoption proceedings for the 20G8eSand Federal Strategy for the California
State Implementation plan, CARB also committeddbieve additional emission reductions
from on- and off-road mobile sources as set fornttControl Measure ARB-Short-Term.
These emission reductions are in addition to thatiéied in other short-term measures (e.g.,
OFF-RD-CI-1, OFF-RD-CI-2, and ON-RD HVY-DUTY-3) andclude possible regulations
to further control emissions from heavy-duty diesatcks and construction/industrial off-
road diesel equipment.

CARB'’s Diesel Risk Reduction Program

In September 2000, CARB approved the Diesel Ris#uRgon Plan which identified the
impacts of and current technologies to control@i®M, and outlined measures necessary to
reduce diesel PMh{tp://www.arb.ca.gov/diesel/dieselrrp.tmThe goal of the Diesel Risk
Reduction Plan is to reduce diesel PM emissionstlamassociated health risk by 75 percent
in 2010 and 85 percent by 2020. The Plan idestifitee steps CARB will be taking to
develop specific regulations to reduce diesel PNssions.

The programs and control strategies developed uth@eDiesel Risk Reduction Plan feed
back into the State and Federal SIP control meashet impact yard tractors. For example,
the retrofit control technologies developed/evadainder this program are those anticipated
to be implemented as part of control measure OFFGRID.

Carl Moyer Memorial Air Quality Standards Attainment Program

The Carl Moyer Program provides funds on an inwenbasis for the incremental cost of
cleaner than required engines and equipment. igdigirojects include cleaner on-road, off-
road, marine, locomotive and stationary agricultypamp engines, as well as forklifts,
airport ground support equipment, and auxiliary pownits. The program achieves near-
term reductions in emissions of NOx and PM, which mecessary for California to meet its
clean air commitments under the SIP. Public orgbe entities that operate eligible engines
or equipment in California can participate by appdydirectly to their local air pollution
control districts. CARB is responsible for devetgpthe guidelines that districts use to
implement the progranh{tp://www.arb.ca.gov/msprog/moyer/2003moyerguidf.pCARB
also develops an allocation of the funding to tistridts.

The AQMD has approved project funding under thel Gayyer Program for a number of
yard tractor projects. These include the replacgmoé diesel-powered yard tractors with
LPG-powered yard tractors. Five LPG yard tracfmuschased with Carl Moyer Program
funding are still in service at a terminal in thertPof Los Angeles. However, these yard
tractors are reportedly used less than half thebeurof hours as comparable diesel yard
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tractors due to inferior turning radius, fuel ecomnyg and torque, excessive noise, and higher
maintenance.

Other Programs

U.S. EPA’s Voluntary Diesel Retrofit Program

The U.S. EPA'’s plan to reduce pollution from newsdl engines is a two-step approach that
reduces emission standards for diesel engines @4 2hd again in 2007. To address
pollution from diesel construction equipment an@wneduty vehicles that are currently on
the road today, U.S. EPA has developed a Voluribeegel Retrofit Program. This program
helps fleet operators, air quality planners, artcbfé manufacturers design and implement
voluntary diesel retrofit programs. One componanthis program is a voluntary process
through which manufacturers of retrofit equipmeiain chave the performance of their
technologies objectively verified and placed on EPVerified Retrofit Technology List.

Port of Long Beach

The Long Beach Board of Harbor Commissioners hasoaed a comprehensive Air Quality
Improvement Program whose goal is to achieve mabiyrlong-term reductions in air
pollution, especially diesel emissions, from pqgoerations. The Air Quality Improvement
Program Kttp://www.polb.com/html/4_environment/air.himlapproved in April 2003, is
divided into four categories: Alternative Fuels aléan Diesel, Operational Improvements,
Vessel Emissions, and Particulates. The Alteredtivels and Clean Diesel and Operational
Improvements programs are applicable to yard tracod are briefly described here.

Alternative Fuels and Clean Diesel

The Port of Long Beach is participating in effatsinstall new emission control technology
in equipment operated by tenants and in railroadrootives operated largely within the
Port. Under an agreement with CARB, the Port sviging $2 million to help tenants

convert to the exclusive use of alternative diésel and install pollution-control devices on
diesel equipment. To date, approximately 300 ywrctors have been retrofitted with diesel
oxidation catalysts with the remainder expectedeaetrofitted by the end of April 2004. In
addition, two port terminals are using emulsifiadsel fuel instead of diesel fuel in their
yard tractors and other port-related off-road eoapt.

Additionally, the Port of Long Beach is committeddonducting at least one pilot project to
evaluate the feasibility of using gaseous fuels GLNMr LPG) in heavy-duty terminal
equipment such as yard tractors and mobile cranes.

Operational Improvements

The Port of Long Beach has also instituted seveparational improvements intended to
improve air quality, including:

A program to convert Port-owned vehicles to cégaburning engines such as
compressed natural gas and hybrid/electric andgiali pollution control devices such
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as diesel oxidation catalysts on heavy-duty maariea equipment operated by the
Port.

* A tariff requiring tenants to prepare plans tduee emissions of particulates and NOx
by 2008.

 Partnering in the Gateway Cities Clean Air Pragr#éogether with the Gateway Cities
Council of Governments and CARB. The program piesifinancial incentives to
independent truckers and trucking companies tcoetiadtheir 1983 and older diesel
trucks for newer used models with cleaner-burnimgjrees.

Port of Los Angeles

The Port of Los Angeles has implemented a numbesroframs to promote air quality
throughout the harbor hitp://www.portoflosangeles.org/Environmental/amtty.htm),
including those relative to port-related equipm&mth as yard tractors. Programs pertinent
to yard tractors include:

Settlement Agreement for China Shipping Termin@D@)

In 2001, two environmental organizations joinedmiical community groups in a lawsuit
against the Port of Los Angeles, charging thatgbe failed to conduct an Environmental
Impact Report (EIR) before constructing containandiing facilities at a 174-acre terminal
the port leased to the China Shipping Holding Ade state Court of Appeals decided in
favor of the community and environmental groupsdieg to a settlement that required
preparation of an EIR, a commitment to significamtigation, and the payment of $50
million over a four-year period for environmentaitigation measures.

As part of the settlement, all of the yard tractosed at the terminal will run on cleaner
alternative fuels and at least 70 percent of thpsshsing the terminal will be electrified

while at berth. In addition, the port committedéplacing two existing 16-story cranes with
lower profile cranes that are approximately hadf bieight.

The stipulated judgment allocates the mitigatiomdias follows:

$20 million for air quality improvements;
$20 million for aesthetic improvements; and
$10 million toward the Gateway Cities program (sew).

Diesel Oxidation Catalyst Program (May 2003)

With funding form the State and the Port of Los Aleg, container terminal operators are
expected to install nearly 600 diesel oxidatioralyats in their marine terminal equipment
engines, including yard tractors, side and top giébrklifts and transtainers. Approximately
300 have been installed to date. Another 300 avaitimg completion of appropriate
contracts.
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Electric And Alternative Fuel Vehicles (ongoing &n1990s)

Approximately 35% of the Port of Los Angeles’ ordaoif-road fleet has been converted to
electric or alternate fuel vehicles. These inclbe@avy-duty vehicles as well as passenger
vehicles. The Port is also helping tenants conweusing emulsified diesel fuel in their off-
road mobile equipment (including yard tractorshedditional cost of emulsified diesel has
been an impediment to the exclusive use of thiskdyall port tenants.

Gateway Cities Program

The Gateway Cities Council of Governments has teami¢h the CARB and the Port of
Long Beach to create the Gateway Cities Clean AinlotP Program
(http://www.gatewaycog.org/cleanairprogram/indexIhtnmrhe goal of the pilot program is
to reduce emissions of NOx and PM from diesel-fdielehicles and equipment that operate
in the Port of Long Beach and the 27 cities thatraembers of the Gateway Cities Councll
of Governments. The three elements of the Pilogfam include replacement of off-road
equipment, installation of PM traps on fleet vebscland diesel truck fleet modernization.
The fleet modernization component of the prografset$ the cost of replacing 1983 and
older on-road heavy-duty diesel vehicles with 1994 newer model year vehicles. As of
November 2003, total funding for the program hasnb& excess of $4 million and 155
trucks have been modernized. Depending on vafamers - such as the model years of the
older and newer truck and the actual miles thantwer truck will be driven over the five-
year life of the project - an estimated 1/2 toone ton of NOx emissions will be reduced per
year for each truck, or up to five tons of NOx reeld per truck over five years. Diesel PM
will be reduced by an estimated 1/5 of a ton pear yer each newer truck deployed, or about
one ton of PM reduced per truck over five years.
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INTRODUCTION

There has been considerable public and privatetdticdevelop emission control strategies
for diesel engines. The AQMD has participatedhia tlevelopment of these technologies
through its Technology Advancement Office that lages AQMD funds with funds from
other agencies and private interests into reseateliglopment, and commercialization.
Mobile source diesel emission control strategiesunte retrofit controls, alternative diesel
fuels, integrated hardware systems and hardwartemsgswith alternative diesel fuel, and
engine adjustments. Alternative fueled (i.e., ratgas, liquid propane gas) engines capable
of performing the work done by diesel engines ése available.

Most of the efforts to develop mobile source diesaission control technologies have been
directed toward on-road diesel applications. Ascuassed in detail below, the only

technologies applicable to yard tractors (i.e.;rofid engines) which are verified by CARB

to achieve NOx and PM emission reductions relatoveonventional diesel are a combined
diesel oxidation catalyst/crankcase emission cbistystem and an emulsion of diesel fuel
and water. Furthermore, while yard tractors podeby alternative fuel engines are

available, concerns have been expressed by yatrtmaperators regarding the applicability
of alternative fuel equipment because of the poweguirements, fuel economy, fueling

infrastructure, and reliability under intense opierss.

The technologies evaluated in this chapter arecbaseCARB'’s verification of the emission
reductions and durability of diesel emission cdntiechnologies. The CARB Board
originally adopted the Diesel Emission Control &gy Verification Procedure in May 2002
(http://www.arb.ca.gov/diesel/verdev/reglang051203réf) and approved amendments in
February 2004Http://www.arb.ca.gov/regact/verpro03/verpro03.htidnder this procedure,
CARB verifies control technology for specific engimanufacturers, model years, engine
families and series under the verification clasation set forth in Table 221

CARB Verification Classificatio-rl;gklz:)(:}r 2Dilesel Emisson Control Strategies
Pollutant Reduction Classification

< 25% Not verified

PM 25% to > 50% Level 1
50% to > 85% Level 2
>85% or <0.01 g/bhp-hr Level 3

NOXx <15 Not verified
>15% Verified in 5% increments

® |t should be noted that CARB's diesel emissiontan strategy verification procedure is a differgnocess
from CARB’s engine certification procedure. Newtorovehicles and engines must be certified by CARB
emission compliance before they are legal for sade, or registration in California.
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CARB also verifies emission reductions resultingnirthe use of alternative diesel fuels
under an Interim Procedure for Verification of Esng Reductions for Alternative Diesel
Fuels Gttp://www.arb.ca.gov/fuels/diesel/altdiesel/alsdiehtn). The procedure provides
the process for obtaining CARB verification of esms reductions of PM and NOx for
alternative diesel fuels

Similar to CARB’s diesel control strategy verifizat procedure, U.S. EPA evaluates the
emission reduction performance of retrofit techgae, including their durability, and
identifies engine operating criteria and conditidhat must exist for these technologies to
achieve those reductions (Voluntary Diesel Retrditogram Verification Process,
http://www.epa.gov/otaqg/retrofit/retrofittech.nfm The process results in the percent
reduction (of verified or tested levels) that UERRA will recognize for emission reductions
within state air quality plans. Another U.S. EP#rification program, the Environmental
Technology Verification (ETV) Programhtitp://www.epa.gov/etv/index.htinl develops
testing protocols and verifies the performance rofovative environmental technologies
(including emission control technologies for oficbequipment such as yard tractors).

EMISSION CONTROL TECHNOLOGIES

Alternative diesel fuels, retrofit technologiesieahative fuels, and the use of on-road
certified engines are options for controlling diesmissions from yard tractors operated in
the district and are discussed in the following sadtions. Control technologies which
require further development or commercializatiorb&applicable to yard tractors are also
briefly described in this chapter.

Alternative Diesel Fuels Currently Applicable to Yard Tractors

CARB defines an alternative diesel fuel as a fbat tan be used in a diesel engine without
modification to the engine and that is not justorefulated diesel fuel. These include

emulsified diesel, biodiesel, ethanol diesel, amsther-Tropsch fuels. Emulsified diesel is

the only alternative diesel fuel currently beingedisn yard tractor operations in the Basin
and is discussed below.

Emulsified Diesel

A commercially available alternative diesel fuehttheduces both NOx and PM emissions is
an emulsion of diesel fuel and water which includesagent to keep the fuel and water from
separating. Blending water with diesel fuel lowpesak combustion temperature, thereby
producing less NOx emissions. Emulsified fuel atsweases fuel atomization which results
in lower PM emissions. Three companies currenttydpce diesel fuel emulsion systems
which are used by fuel marketers/distributors todpce emulsified diesel fuel. Fuel
marketers/distributors blend diesel fuel, purifiechter and proprietary fuel additive
chemistry to produce a water-in-diesel fuel emulsio

® For the purpose of this procedure, alternatiwseli fuels mean fuels that are used in diesel eagimt are
not reformulated diesel fuels as defined in sec@81 and 2282 of Title 13, of the California Coadle
Regulations and do not require engine or fuel systedifications to operate on such fuels.
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CARB has granted alternative diesel fuel emissioesdification for emulsified diesel
through its fuels certification procedure. HoweWeARB must first complete a multi-media
analysis for toxics before issuing a verificatiaor emulsified fuel as a diesel emission
control strategy. CARB staff expects that thidhtemlogy will achieve a Level 2 verification,
or a minimum of 50 percent PM reduction. The ak¢ive diesel certifications for the three
emulsified diesel products currently available @onfreductions of NOx and PM emissions
of approximately 15% and 60%, respectively, as ameqb to standard diesel. CARB has
also determined that emulsified diesel will notutesn an increase in toxics emissions, and
hydrocarbon emissions are at least 25% lower tmgnagplicable diesel vehicle emission
standard. U.S. EPA has also verified emulsifieseli for heavy duty, on- and off-road 2 and
4 cycle engines to achieve reductions of 16 to %8%M and 9 to 20% in NOX.

Vehicles using emulsified diesel require no engmedifications to the engine or fuel
system, and, based on usage to date, there arenttyrno significant technical issues
associated with the use of this fuel. Relativeligsel fuel, however, there is an increase in
HC and CO emissions and a fuel penalty of approtaind 5%.

A number of end-users are using emulsified fuehiwariety of vehicles and applications
such as yard tractors, school and transit busefgrground mine equipment, construction
equipment, generators, port operations equipmertks and tractors, small equipment such
as welders and air compressors. Both the PorbafjlBeach and the Port of Los Angeles
have programs in place to promote the use of efradsdiesel fuel in off-road mobile
equipment (including yard tractors) at the poitsvo terminals at the Port of Long Beach are
currently using emulsified diesel in their off-roaquipment.

Alternative Diesel Fuels with Potential Long-Term Applicability

Some alternative diesel fuels currently have celfaiitations that make them unavailable in
the near-term. Those alternative diesel fuels ity be applicable to controlling emissions
from yard tractors with future product developmeotimercialization are briefly discussed
in the following subsections.

Fischer-Tropsch Fuel

The Fischer-Tropsch technology uses CO and hydrageanvert coal, natural gas, or other
hydrocarbons to a high-value, clean-burning fuedt tis virtually interchangeable with
conventional diesel fuels and can be blended widsall at any ratio with no engine
modification. While actual emissions will vary wiengine design, emissions of NOx are
reduced because of Fischer-Tropsch fuels' higleatamber and, since the fuels contain a
very low sulfur and aromatic content, they prodwidually no particulate emissions.
Researchers also expect reductions in hydrocaribonGO emissions. Controlled tests
conducted in 1998 by the National Renewable Endrglyoratory (U.S. Department of
Energy) and West Virginia University showed thatdhier-Tropsch fuels can be substituted
in heavy-duty vehicles without any detectable lmsperformance while reducing NOx and
PM emissions by approximately 12% and 24%, respegti Staff is not aware of any
testing of Fischer-Tropsch fuels in off-road apafions.
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At present, Fischer-Tropsch fuels are expensiveprtiduce on a large scale, although
research is underway to lower processing costsns&@jently, the availability of Fischer-
Tropsch fuels is currently limited.

Biodiesel

Though the diesel engine was originally developeth whe intention of running it on a
variety of fuels, including vegetable oil, it hastbrically been run on petroleum-derived
fuel (petrodiesel) because it has been the legstrsive fuel available. Today, the diesel
engine is still capable of running on “biodieselief with little or no modification to the
engine or fuel system. Biodiesel can be producethfa variety of renewable sources,
including soybean oil, canola oil, sunflower oibttonseed oil, and animal fats. Biodiesel is
usable in its purest form, known as “neat biodieseB100. It is also used as a blend with
petrodiesel, the most common of which is a 20 pe#rbeodiesel and 80 percent petrodiesel
blend (known as B20).

Due to the increasing interest in the use of bmmliethe U.S. EPA conducted a
comprehensive analysis of the emission impactsiafiésel using publicly available data,
the majority of which was collected on 1997 or iearimodel year heavy-duty on-road
engines [ittp://www.epa.gov/otag/models/analysis/biodsl/@@R2pd). For soybean-based
B20 biodiesel, the estimated emission impacts €% for NOx, -10% for PM, -21% for
HC, and -11.0% for CO. A reduction in aggregated®is expected, but the impacts differ
from one toxic compound to another. The reportestdhat the estimates of biodiesel
impacts on emissions from pre-1997 engines mags®edccurate for future fleets due to on-
going changes in engine design. The report cooldsay with confidence that off-road
engines would respond to biodiesel in the samethatyheavy-duty highway engines do.

Biodiesel has been used successfully in heavy-diggel-fueled vehicles. There are no
technical limitations to the use of biodiesel; mthhe limitations concern cost and the
increased NOx emissions associated with biodiese[tlere is also a 1-2% reduction in fuel
economy). B100 is not currently verified by CARB an alternative fuel or as a diesel
emission control strategy. U.S. EPA has listextli@sel as a verified control technology as
part of its Voluntary Diesel Retrofit Program. TUeS. EPA listing shows verified emission
reductions of biodiesel (1 to 100%) ranging froro @7% for both PM and CO, 0 to 67% for
HC, and 0 to -10% for NOx.

Ethanol Diesel

Ethanol blended diesel consists typically of a om&tof #2 diesel (~80%), anhydrous
denatured alcohol (7 to 15%), and a blending addliwith cetane improver (~5% max).
Ethanol diesel blended fuel has demonstrated actieduin PM emissions, which can be on
the order of 20% to 30%. However, emissions of &d HC can increase, thus possibly
requiring an oxidation catalyst. NOx may or mayt be affected depending on engine
design. Aldehyde emissions are expected to iner@éh alcohol blended diesel fuel.

Ethanol diesel is likely to remain an experimemt@l until flammability concerns and health
effects testing are addressed, and the economi@stnicture developed. Engine

Draft White Paper 2-4 April 2004



Chapter 2: Emission Control Technologies for Yardciors

manufacturers recommend that until the safety dahdrassues are resolved, use of ethanol
diesel or other alcohol/diesel blends should naidel in their products.

It should be noted that emission reductions frora ethanol diesel product have recently
been conditionally verified pursuant to CARB’s Iite Procedure for Verification of
Emission Reductions from Alternative Diesel Fueldé 1.6% NOx and 20% PM. CARB
staff has also determined that measurements offiggeemissions indicate no net increase
in toxicity, and that hydrocarbon emissions arkeast 25% lower than any applicable diesel
vehicle emission standard. However, the conditioraification does not address the
appropriate use of the product in regards to ptessibpacts on fuel safety and handling,
engine durability or performance and does not addpmmssible multi-media environmental
impacts that may result from its use. CARB staffyrmodify or withdraw verification based
on evidence supported by a multi-media assessmenfutare durability and safety
evaluations of the fuel.

Retrofit Technology Currently Applicable to Yard Tractors

The only retrofit technolodyapplicable to yard tractors that is currently viedfby CARB as

a diesel emission control strategy is a combinedalioxidation catalyst/crankcase emission
control system. U.S. EPA has not verified anyaféttechnology for off-road engines under
either its Voluntary Diesel Retrofit Program or Howmental Technology Verification
Program.

Diesel Oxidation Catalyst

A diesel oxidation catalyst (DOC) consists of aekteousing that contains a porous, active
base or precious catalytic metal layer applied high geometric surface area substrate. As
the exhaust gas passes over the catalyzed supstataical reactions occur which reduce

CO, HC, and PM into carbon dioxide and water. Sonamufacturers integrate HC traps

(zeolites) and sulfate suppressants into their abod catalysts. HC traps enhance HC
reduction efficiency at lower exhaust temperatuard sulfate suppressants minimize the
generation of sulfates at higher exhaust temperaturDOCs are often integrated into a
muffler which is used to replace the standard reuffIDOCs have also been designed to fit
close-coupled to the manifold in the existing eegiompartment.

DOCs can reduce total PM emissions by up to 50%midipg on the amount of the soluble
organic fraction in the PM and the amount of suifuthe fuel. Oxidation catalysts are also
effective in controlling CO and toxic HC emissiow#h reductions in emissions of these
pollutants of 50% for base metal catalysts andoug06 for precious metal catalysts. CARB
has verified a combined DOC/closed crankcase fiiftnasystem for some four-stroke,

turbocharged 1996-2003 model year off-road diesgines ranging from 150 to 600 hp

(which may be used in yard tractors) to reduce sions of diesel PM by an average of at
least 25%. No DOC catalyst has been verified &. BEPA for off-road engines.

DOC technology is commercially available and igdigaapplied to virtually the entire range
of off-road engine applications. This technolo@sbeen used on over 250,000 off-road
vehicles and equipment including yard tractors,ingirvehicles, skid steer loaders, forklift

" For the purposes of this White Paper, retrofihtedogy refers to non-fuel related diesel conteshinologies.
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trucks, construction vehicles and stationary ergyires well as, over 35,000,000 diesel
passenger cars. In conjunction with their em@difdiesel program, both the Port of Long
Beach and the Port of Los Angeles have programshwbkubsidize the cost of installing
DOCs in off-road mobile equipment (including yardctors) used by terminal operators.
Based on preliminary estimates, the Port of LongdBehas ordered approximately 600
DOCs with approximately 300 installed to date. tk# 300 installed DOCs, over 100 have
been retrofitted into yard tractors. It is antatgd that the majority of off-road mobile
equipment operating at the ports will install dlesedation catalysts by mid-2004.

Crankcase Emission Control

In most turbocharged aftercooled diesel enginesgcthnkcase breather vents unburned fuel
and combustion byproducts to the atmosphere. Whiedimentary filter is often installed
on the crankcase breather, emissions of particutatéer through the breather is substantial
and may exceed 0.7 g/bhp-hr during idle conditmmsecent model year engines.

Multi-stage filter systems capable of eliminatingarikcase emissions are commercially

available. Typical systems consist of a filter fiog, a pressure regulator, a pressure relief
valve and an oil check valve. These systems aigmied to collect, coalesce, and return the
emitted lube oil to the engine’s sump. Filteredegare returned to the intake system,
balancing the differential pressures involved. vigerlives of 500 to 1500 hours or more can

be designed into the system, after which its regabte filter must be changed to maintain

appropriate system pressures and filtration eflicye

As discussed above, CARB has verified a combine€@l@sed crankcase filtration system
for certain off-road diesel engines.

Retrofit Technology with Potential Long-Term Applicability

Some retrofit technologies currently have certamtations that make them unavailable for
off-road applications such as yard tractors inrtbar-term. Those retrofit technologies that
may be applicable with future product developmaenmt lariefly discussed in the following
subsections.

Diesel Particulate Filter

In general, a diesel particulate filter (DPF) cstsbf a porous substrate that permits gases in
the exhaust to pass through but traps the PM. BRF$e divided into two types of systems

- passive and active - depending on the methodtoghathe filter is regenerated. A passive
catalyzed DPF reduces PM through filtration and &@ hydrocarbon emissions through
catalytic oxidation with no outside source of erengquired for regeneration. The
successful application of a passive DPF is primadigtermined by the average exhaust
temperature at the filter’s inlet and the rate bf §enerated by the engine. In general, yard
tractors do not meet the minimum exhaust temperatquired for passive DPF technology.

An active DPF system uses an external source dftbexidize the PM. Common methods
of generating additional heat for oxidation involetectrical regeneration by passing a
current through the filter medium, injecting fue provide additional heat for particle
oxidation, or adding a fuel-borne catalyst or othemgent to initiate regeneration. Some
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active DPFs induce regeneration automatically cardbdahe vehicle or equipment when a
specified backpressure is reached; others use dicaior to alert the operator that
regeneration is needed and require the operatoitiate the regeneration process.

Numerous studies have documented the effectiveoe€3PFs in both on- and off-road
applications with PM reductions of 80 — 90%. DRiFs commercially available today with
over 70,000 on-road, heavy-duty vehicles and 4@ d@sel passenger cars having been
equipped with the technology. CARB and U.S. EPA erified a number of passive DPFs
for use in on-road applications; no active DPFsehbgen verified. Thus, while DPFs are
proven to provide high emissions reductions, furthevelopment of the technology will be
required to make DPFs applicable to yard tractacsather off-road applications that do not
meet the minimum engine exhaust temperature ragemes of the current technology.

Flow Through Filters

Flow through filter (FTF) technology is a relatiyelew technology for reducing diesel PM
emissions. Unlike a DPF, in which only gassespmass through the substrate, the FTF does
not physically trap PM. Instead, exhaust flowotlgh a medium that has a high density of
flow channels which create turbulent flow condisonThe medium is typically treated with
an oxidizing catalyst that is able to reduce enoissiof PM, HC, and CO, or used in
conjunction with a fuel-borne catalyst. Any pddgthat are not oxidized with the FTF flow
out with the rest of the exhaust and do not accataul The filtration efficiency of an FTF is
lower than that of a DPF, but the FTF is much lkksly to plug under unfavorable
conditions, such as high PM emissions, low exhateshperatures and emergency
circumstances. The FTF, therefore, is a candifdmtase in applications that are unsuitable
for DPFs, though there are currently no known agailbns of this technology to off-road
engines.

NOx Adsorber Catalyst

NOXx adsorbers act to store NOx emissions during lkeagine operation and release the

stored NOx by periodically creating a rich exharstironment by either engine operation or

the injection of a reductant in the exhaust streafthen released, the NOx is converted to

N2 by a three-way catalytic reaction. In laborgttasts, NOx adsorbers have demonstrated
the ability to control up to 90 percent or mordtw engine-out NOx emissions over a broad
temperature range.

NOx adsorber catalysts are currently being usedneentially in light-duty gasoline direct
injection engines. This technology is also undergextensive research and development in
anticipation of the U.S. 2007 on-road heavy-dutgsdl engine regulations and to help
significantly reduce NOx emissions from light-dutliesel vehicles. NOx adsorber
technology is also expected to be available forwiie off-road diesel engines in the future.

Lean NOx Catalyst

The conversion of NOx to molecular nitrogen in éxéaust stream of diesel engines requires
sufficient quantities of reductant (HC, CO or H2ieh under typical engine operating
conditions are not present to facilitate the cosier of NOx to nitrogen. Lean NOX
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catalysts add a small amount of diesel fuel orduecig agent to the exhaust stream to
facilitate catalytic conversion of NOx to nitrogand water vapor. Since the fuel used to
reduce NOx does not produce mechanical energy,Néancatalysts typically operate with a
fuel penalty of about 5%. Currently, peak NOx cension efficiencies typically are around
10% to 20%.

Though only a limited number of vehicles have begunipped with lean NOx catalyst
systems in the U.S., a low NOx control versionha$ technology has been incorporated into
the exhaust systems of European passenger caggpeduiith DOCs. These systems have
achieved NOXx reductions of about 15 percent. Adigfficiency version of this technology
capable of achieving 50 to 70 percent NOx redustisrunder development. Advances have
been made in improving the durability, control @fncy and operating windows of this
technology which may make it available for off-rcagaplications in the future.

ALTERNATIVE FUELS

The alternative fuefswhich may be capable of replacing diesel fuelufse in yard tractors
and other off-road equipment are compressed nagaslliquefied natural gas, and liquefied
propane gas.

Compressed Natural Gas (CNG)

Two types of engine operating cycles are curreméiyng used for heavy-duty CNG engines.
Spark ignited engines use spark plugs to ignitentitaral gas fuel mixture in the combustion
chamber, similar to a light-duty automobile engin€ompression pilot ignition engines
inject a small amount of diesel along with natgas into the combustion chamber. The heat
generated by compressing this mixture ignites tbedll fuel that in turn ignites the natural
gas mixture, operating much like a conventionaseliengine.

Natural gas trucks typically have a shorter driviagge than their diesel counterparts as a
result of natural gas having a lower energy den@ipproximately 29% of diesel fuel) and
the difficulty in packaging the high pressure stgraylinders on the vehicle. Because of the
reduced energy density, CNG vehicles require m@guent refueling. Natural gas vehicle
fueling abilities can range from a very small slblvfor refueling of private vehicles or
large fast-fill for refueling a fleet of heavy-dutgghicles. Slow-fill systems are simpler in
design and cost less than fast-fill stations. Haweslow-fill stations require several hours
to refuel compared to the two-five minutes needal fast-fill systems.

At least one engine manufacturer produces natasa(QNG and LNG) engines applicable to
yard tractors. For the 2004 model year engingnaly emissions level for NOx has been
established at 1.8 g/bhp-hr, or 28% lower thandheoad level of 2.5 g/bhp-hr and 63%
lower than the off-road level of 4.9 g/bhp-hr TP level is certified at 0.1 g/bhp-hr or 33%
lower than the off-road standard of 0.15 g/bhp-hr.

There are almost 130,000 natural gas vehicles errdhd in the United States today and
more than two million worldwide. However, this eology has disadvantages for yard
tractor operations due to its low energy density mafatively high cost of fuel infrastructure.

8 For the purposes of this White Paper, alterndtie¢s refers to natural gas and propane.
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While a freight trucking company in Oregon convert®0 yard tractors to CNG and
purchased seven more CNG yard tractors in 2000aking advantage of Oregon’s 35
percent Business Energy Tax Credit, there are movknCNG yard tractors in operation in
the district.

Liquefied Natural Gas (LNG)

Most heavy-duty LNG trucks are produced by replgdime diesel fuel tanks on an existing
or new truck chassis with LNG tanks and fuel systemponents and either installing a new
original equipment manufacturer (OEM) natural gagime or converting the existing diesel
engine. There are no discernible differences irGLhicle performance, operation, and
utility when compared with diesel. The high igoitiquality of LNG is similar to that of
diesel, providing for similar durability and engitif= overall. The main disadvantages are
the reduced energy density (57% as compared telyli¢se cryogenic nature of LNG and
the necessity for storage in unique vessels antelintiquid hold time.

Fuel supply options for LNG vehicles include cehthguefaction facilities, on site
liquefaction and imported LNG. An LNG refuelingagon generally consists of a storage
tank, a fuel transfer system that typically usgaimp or differential pressure, and dispenser
equipment including a refueling connector, a cryngdose, and a metering control system.
LNG refueling is faster than CNG, but the hoses eodnectors used for LNG are more
cumbersome.

LNG is particularly well-suited for large, heavytgucentrally fueled fleets, large off-road
vehicles, and marine applications. At least ongiren manufacturer produces natural gas
(CNG and LNG) engines applicable to yard tractees(CNG discussion above for emission
levels), and a supermarket chain in Sacramentoréesntly purchased two LNG yard
tractors. Additionally, both the Port of Long Bbeaand at least one terminal operator at the
Port of Los Angeles will each obtain one LNG yamattor in early 2004 and independently
test their effectiveness in performing the workreatly done by yard tractors using diesel
fuel. Other factors to be evaluated include fuglimfrastructure requirements, mechanical
considerations, durability, safety, and costs.

Liquefied Petroleum Gas (LPG)

Liquefied petroleum gas (LPG) consists mainly obgane (other components include
propylene, butane, and butylene in various mixjurdhe components of LPG are gases at
normal temperatures and pressures. LPG is a uptdrom two sources: natural gas
processing and crude oil refining. About 55% aof ttPG processed in the U.S. is from
natural gas purification while the remaining 45%nes from crude oil refining.

LPG has an energy density of approximately 35%ie$al. Since LPG is stored under

pressure both inside the vehicle and in the raigelanks, special refueling equipment is

needed to transfer the pressurized liquid fromstiogage tanks to the vehicle and to ensure
that no LPG escapes during refueling.

There are more than 350,000 on- and off-road preanvered units in the United States,
while over four million vehicles use it worldwidePropane is used in both light- and
medium-duty vehicles. Estimates have placed thabew of registered propane-powered
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vehicles in California as high as 40,000. Prophas been used as a transportation fuel
around the world for more than 60 years. TherdiaecLPG yard tractors in operation at a
terminal in the Port of Los Angeles. Additionallstaff has identified two distribution
centers in the Basin that have a combined ten L&@ tyactors in service.

At least one engine manufacturer produces an LRfBerapplicable to yard tractors. The
2004 model year engine is certified to a NOx eroisdimit of 2.5 g/bhp-hr, or 49 % lower

than the off-road level of 4.9. g/bhp-hr The PMelis certified at 0.1 g/bhp-hr, or 33%
lower than the off-road standard of 0.15 g/bhp-hr.

REPLACEMENT OF OFF-ROAD EQUIPMENT WITH ON-ROAD VEHICLES

The typical useful life of a yard tractor is approately ten years, though it is often shorter
under the heavy use of port operations. Thustiegi®ff-road engine standards for future
model years ensure that yard tractors will get mregjvely cleaner as the fleets turnover. As
discussed in Chapter 1, however, on-road enginesuaject to stricter exhaust emission
standards than off-road engines. Thus, an effeatimission control option would be to
replace yard tractors powered by off-road enginék those powered by on-road engines.
Yard tractors with on-road certified engines ardlyfucapable of use in “off-road”
applications since they are designed under themgsgon that they will be used mostly in
moving containers around a yard. A number of teanobperators at the Ports of Long
Beach and Los Angeles are already in the pracfiqgauachasing yard tractors powered by
on-road engines when replacing vehicles in thegtf.

For current model years and up to 2007 modelsNtbg and PM emission limits from new
on-road engines are approximately 50% and 35% tespectively, than those for new off-
road engines. For 2007 to 2009 models, the NOx RiMdemission limits from on-road
engines are approximately 60% and 90% less, ragphgtthan those for off-road engines.
Furthermore, the emissions control technologiesiegge to yard tractors powered by off-
road engines (i.e., DOC and emulsified diesel faed also applicable to on-road engines.
Additionally, since most of the efforts to develapbile source diesel emission control
technologies have been directed toward on-roadediesgines, the potential long-term
control technologies previously discussed in thiapter may likely be applicable to on-road
engines before they are for off-road engine apgtina. It should be noted that engines
meeting 2007 on-road standards are not yet availabld manufacturers indicate that
integrated systems (e.g., engine plus PM trap ardiix control device) may be necessary
to meet these standards. However, it is anticipdtat engines meeting 2007 on-road
standards would be applicable to yard tractors amgl potential technical considerations
(e.g., impact of off-road duty cycle on integrasggtems) would be addressed.

CONCLUSION

Technologies to reduce emissions from off-road megexist today and continue to develop.
These technologies in combination with ultra-lowftaudiesel (<15 parts per million),

alternative diesel, and appropriate system integragtrategies can be used to significantly
reduce emissions from off-road engines. Furtheendhe on-going research and
development by manufacturers of emission contralipggent is expected to expand the
applicability of retrofit technologies to a broaadange of engines and applications, including
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off-road engines/applications. Major consideradidar transferring the emission control
technologies to off-road applications include exdtagas temperature and backpressure and
ability to integrate them into the wide range ohiote types. Exhaust gas temperature must
be high enough for proper catalyst operation inalgaed control devices, exhaust
backpressure must be minimized to minimize fuelnecay penalties, and the system must
readily fit in the appropriate place in the exhaysttem of the vehicle.

Near-Term Diesel Emission Control Technologies

Diesel emission control technologies that are abl today for yard tractors include diesel
oxidation catalysts, crankcase emission controfs] amulsified diesel. Additionally,
engines powered by alternative fuels (i.e., natgas, LPG) are available, though yard
tractor operators have historically expressed amsceegarding the applicability of
alternative fuel equipment to this application hessa of the power requirements, fuel
economy, fueling infrastructure, and reliabilitydem intense operations. New generation
alternative fueled vehicles are being commercidlipg engine and vehicle manufacturers,
however, and the Port of Long Beach and a ternupatator at the Port of Los Angeles will
each receive a current model year LNG yard traatoearly 2004 for demonstration
purposes.

As discussed above, since on-road engines arecsubjstricter exhaust emission standards
than off-road engines and yard tractors poweredobyoad engines are commercially

available, the replacement of yard tractors powénedff-road engines with those powered

by on-road engines constitutes a viable near-teesetlemission control technology.

Long-Term Diesel Emission Control Technologies

While important differences do exist, off-road dieengines operate fundamentally similar
to on-road heavy-duty diesel engines, and emissiorrol technologies being developed to
meet the 2007 and 2010 heavy duty on-road engtaeslards can generally be applied to
off-road engines and vehicles. Thus, potentiatei@mission control technologies which
show promise for yard tractor application in thamiiture include diesel particulate filters,
lean NOx catalysts, NOx adsorber catalysts, flosdlgh-filters, biodiesel, and Fischer-
Tropsch fuels.

Table 2-2 presents a summary of the current andngat future diesel emission control
technologies applicable to yard tractors, includamgission reduction potential, CARB and
U.S. EPA emission reductions verification stateshhological limitations, and any existing
yard tractor applications.
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Table 2-2
Emission Control Technology Assessment Summary
CONTROL EMISSION REDUCTION VERIFICATION/ TECHNOLOGICAL LIMITATIONS EXISTING YARD
TECH- RELATIVE TO DIESEL CERTIFICATION TRACTOR
NOLOGY PM NOX APPLICATIONS
Alternative Diesel Fuels
Emulsified 58-63% (CARB) | 14-16% (CARB) | v CARSB alternative 15% fuel penalty Yes. Currently being used
Diesel diesel fuel emissions Increased CO emissions (~5%) at the Ports of Los
16-58% (EPA) 9-20% (EPA) reductions verification Increased HC emissions Angeles and Long Beach
v' EPA verified product Possible separation of water and fuel|if
unused over 30 days
Biodiesel 10% +2% No 1-2% fuel penalty (B20) No
(B20) Increased NOx emissions
Higher gelling temperature than
petrodiesel (can clog fuel filters/lines |n
cold weather— more of an issue for
B100)
Ethanol Diesel 20% 2% v' CARB alternative Increased CO, HC, aldehyde emission®o
diesel fuel emissions Safety (esp. flammability concerns
reductions verification Engine manufacturers recommend
against use in their products
Fischer- 24% 12% No Expensive to produce on large-scale aiNo
Tropsch Fuels present time
Retrofit Technology
Diesel >25 - <50% -- v" CARB DECS Level 1: Requires low sulfur fuel (<15ppm) Yes. Currentginy used
Oxidation (CARB) off-road and on-road at the Ports of Los
Catalyst s Angeles and Long Beach
/ .
25-33% (EPA) EPA verified product:
on-road only
(combined DOC/crankcase
control system)

DECS = diesel emission control strategy
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Table 2-2 (continued)

Emission Control Technology Assessment Summary

CONTROL EMISSION REDUCTION VERIFICATION/ TECHNOLOGICAL LIMITATIONS EXISTING YARD
TECH- RELATIVE TO DIESEL CERTIFICATION TRACTOR
NOLOGY PM NOX APPLICATIONS
Retrofit Technology (continued)
Diesel >85% (CARB) -- v" CARB DECS Level 3: Active regeneration technology No
Particulate on-road only required to expand to off-road
) oo L
Filter 60-90% (EPA) v EPA verified product: applicability
on-road only
Flow- 30-60% -- No No CARB verified product No
Through-Filter Filtration efficiency lower than DPF
Increased backpressure relative to DOC
Lean NOx -- 10-20% No No CARB verified product No
Catalyst Durability issues (especially against
sulfur poisoning)
Narrow operating temperatures
NOx Adsorber -- up to 90 No No CARB verified products No
Diesel fuel <15 ppm sulfur essential
3% fuel penalty
Engine controls required to modulate
diesel engines between rich and lean
operation and to allow for
desulfurization
DECS = diesel emission control strategy
Draft White Paper 2-13 April 2004
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Table 2-2 (continued)

Emission Control Technology Assessment Summary

17

CONTROL EMISSION REDUCTION VERIFICATION/ TECHNOLOGICAL LIMITATIONS EXISTING YARD
TECH- RELATIVE TO DIESEL CERTIFICATION TRACTOR
NOLOGY PM NOX APPLICATIONS
Alternative Fuels
CNG 33% 63% CARSB certified engine - Fuel penalty (71%) Yes. Atleast 17 in
- Fueling infrastructure service at distribution
center in Oregon. None
known to be in use
locally.
LNG 33% 63% CARSB certified engine - Fuel penalty (43%) Yes. Two in service at
- Fueling infrastructure (cryogenic natuyelistribution center in
of LNG, unique storage vessel Sacramento. None know
requirements, limited liquid hold time)| to be in use locally. Twqg
independent
demonstration projects at
Ports in 2004.
LPG 33% 49% CARSB certified engine - Fuel penalty (35%) Yes. 15 total known to bg
- Fueling infrastructure/operations in service at Port of Los
(pressurized both inside vehicle and inAngeles and distribution
storage tanks) centers.
On-Road Certified Engines
Engines 50% 50% CARB certified engine - Possible technical limitations of engineYes. At least one
Certified to systems meeting 2007 on-road terminal operator has
On-Road (comparing model (comparing model standards to yard tractors due to duty- policy to exclusively
Emission year 2004 engines year 2004 engines cycle (e.g., temperatures may not be | purchase yard tractors
Standards certified to certified to sufficient for PM traps if traps are powered by on-road
applicable off- applicable off-road passive type) engines. Other operators
road and on-road | and on-road include tractors with on-
standards) standards) road certified engines in

their fleets.
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Chapter 3: Emission Reductions and Cost-Effectiverss

INTRODUCTION

The primary pollutants of concern from diesel eegimare NOx and PM. The high

combustion and exhaust temperatures and excesause the nitrogen in the air to combine
with available oxygen to form NOx. In addition tbe PM emissions resulting from

incomplete combustion of fuel, lubrication oil emtg the cylinder contributes to overall PM

emissions. Since diesel-cycle combustion operai#ls excess air, by-products due to
incomplete combustion, including HC and CO, areteatiat relatively low levels.

EMISSION REDUCTIONS AND COST-EFFECTIVENESS

Both baseline and controlled PM and NOx emissiangetbeen estimated for a typical yard
tractor powered by (1) an uncontrolled (pre-199%)y@ad engine, (2) a Tier 1 (1996-2002)
off-road engine, (3) a Tier 2 (2003-2006) off-rcathine, and (3) a Tier 3 (2006+) off-road
engine. The controlled PM and NOx emissions ardlfe CARB verified diesel emission
control technologies, on-road engines, and altemdtels discussed in Chapter 2. The
estimated cost-effectiveness of these technologesombined NOx and PM reductions
have been calculated based on available cost.d&ammaries of the baseline emissions,
emission reductions, and cost-effectiveness dafaasented in Table 3-1, Table 3-2, and
Table 3-3, respectively.

Table 3-1
Baseline Emissions From Off-Road Engines Used in Y@ Tractors

Off-Road Engine | Uncontrolled Engine Tier 1 Engine Tier 2 Engine Tier 3 Engine
Emission Factor (pre-1996) (1996-2002) (2003-2006) (2006+)
(9/hp-hr) NOx = 8.14 NOx = 6.9 NOX+NMHC = 4.9 NOX = 3.0
PM =0.38 PM =0.38 PM =0.15 PM =0.15
Pollutant NOx PM NOx PM NOXx PM NOx PM
_ Baseline| o5 170 3,400 190 2,290 80 1,410 80
Emissions Per
Vehicle (Ibs/yr)

See Table 3-2 for emissions calculation assumptions

° Note: the cost-effectiveness calculations for CNEG, and LPG do not include the costs associatiéd w
fueling infrastructure construction and operation.
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Table 3-2

Emission Reduction Summary - CARB Verified Diesel Eission Control Technologies,
On-Road Engines, and Alternative Fuels

Baseline Engine

Uncontrolled Engine Tier 1 Engine Tier 2 Engine Tier 3 Engine
(pre-1996) (1996-2002) (2003-2006) (2006+)
Emission Reductions Per Vehicle (Ibs/yr) (% Reductin from Baseline)*
Control NOx PM NOx PM NOXx PM NOXx PM
Technology
Emulsified 650 100 510 120 344 50 210 50
Diesel (ED) (15%) (60%) (15%) (60%0) (15%) (60%) (15%) (60%)
Diesel Oxidation 0 40 0 50 0 20 0 20
Catalyst (DOC) (0%) (25%) (0%) (25%) (0%) (25%) (0%) (25%)
Emulsified 650 140 510 160 340 60 210 60
Diesel + DOC (15%) (84%) (15%) (84%) (15%) (84%) (15%) (84%)
2004 On-Road 3,180 120 2,230 140 1,120 30 240 30
Engine Std. (73%) (70%) (66%) (74%) (49%) (33%) (17%) (33%)
2004 On-Road 3,360 150 2,410 170 1,300 60 410 60
Engine Std.+ ED|  (77%) (88%) (71%) (90%) (57%) (77%) (29%) (73%)
2004 On-Road 3,180 130 2,230 160 1,120 38 240 40
Engine Std. + (73%) (78%) (66%0) (80%0) (49%) (50%) (17%) (50%)
DOC
2004 On-Road 3,360 160 2,410 190 1,300 70 410 70
Engine Std. + (77%) (95%) (71%) (96%) (57%) (89%) (29%) (89%)
ED + DOC
2007 On-Road 3,670 170 2,720 190 1,610 70 730 70
Engine Std. (84%) (97%) (80%) (97%) (70%) (92%) (52%) (92%)
LNG 3,530 160 2,590 180 1,480 60 730 70
(81%) (90%) (76%) (91%) (64%) (78%) (52%) (92%)
CNG 3,530 160 2,590 180 1,480 60 730 70
(81%) (90%) (76%) (91%) (64%) (78%) (52%) (92%)
LPG 3,220 120 2,270 140 1,160 20 730 70
(74%) (67%) (67%) (71%) (51%) (25%) (52%) (92%)
* Emission reductions may not represent exact penmagluction from baseline due to rounding.
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Assumptions for emission reductions calculation$able 3-2:

Uncontrolled (pre-1996) baseline emission factomsfCarl Moyer Program Guidelines Table 3.5
Tier 1, Tier 2, and Tier 3 emission factors = af&d engine standards

NOx fraction default values (of NOx+NMHC emissiotarsdard) from Carl Moyer Program
Guidelines Table 3.2

Default load factor = 0.57 (adjusted for powerngtdifferences for on-road, natural gas, and LPG
engines) (Source: 2003 Baseline Emission Invent®BL,.B)

Fuel correction factors for pre-2007 diesel enginesy Carl Moyer Program Guidelines Table 2.9
(on-road engines) and Table 3.7 (off-road engines)

DOC is a combination DOC with closed crankcaseafilbn system. Assumes the lower end of the
CARB Level 1 Verified Technology PM emission redantrange (25 - 49%)

Assumes emulsified diesel + DOC system will receitaevel 2 Verification. Assumes high end of
Level 2 (i.e. 84% PM reduction)

2004 model year on-road and LPG engines meet 2004anl diesel engine standards of 2.5 g/hp-
hr NOx+NMHC and 0.1 g/hp-hr PM

2007 model year on-road, CNG/LNG, and LPG enginestnemission standards of 1.2 g/hp-hr
NOx and 0.01 g/hp-hr PM

2004 model year CNG/LNG engines meet optional lo@xNtandard of 1.8 g/hp-hr NOx+NMHC
and 0.03 g/hp-hr PM;

Baseline off-road engine = 188 hp

On-road engine = 215 hp

LNG/CNG engine = 230 hp

LPG engine = 195 hp

Hours of operation = 2,400 hours per year

Draft White Paper 3-3 April 2004



Feasibility Study for Controlling Emissions from pdarractors

Table 3-3

Cost-Effectiveness Summary - CARB Verified Diesel mission Control Technologies,
On-Road Engines, and Alternative Fuels

Baseline Engines
Uncontrolled Tier 1 Tier 2 Tier 3

(pre-1996) (1996-2002) (2003-2006) (2006+)
Control Technology Cost Effectiveness NOx+PM ($ bn)
Emulsified Diesel (ED) $14,600 $17,600 $28,200 $42,900
Diesel Oxidation Catalyst (DOC) $12,700 $11,300 ,808 $28,800
Emulsified Diesel + DOC $14,500 $17,200 $28,300 ,$aa
2004 On-Rd. Engine $200 $300 $700 $3,100
2004 On-Rd. Engine + ED $3,400 $4,600 $8,700 $75,30
2004 On-Rd. Engine + DOC $400 $600 $1,200 $5,000
2004 On-Rd. Engine + ED + DOQ $3,500 $4,800 $9,000 $25,800
2007 On-Rd. Engirte $200 $300 $500 $1,000
LNG" 2 $6,500 $8,700 $15,600 $30,100
CNG-? $8,700 $11,700 $21,000 $40,500
LPG-? $8,800 $12,200 $24,900 $37,000

! Assumes no price change relative to 2004 modelwefsicles.

2 Does not include the costs associated with fuehifrgstructure construction and operation.

Assumptions for cost-effectiveness calculation§able 3-3
» Off-road yard tractor purchase price = $60,000
» On-road yard tractor purchase price = $64,000
* LNG yard tractor purchase price = $93,000
* CNG yard tractor purchase price = $93,000
» LPG yard tractor purchase price = $89,000

Draft White Paper 3-4

DOC cost = $1,500 per unit (assumes 2 DOCs needed I® year vehicle life; present worth
factor for second DOC unit = 0.8219@4% real intei@s5 years)

Diesel fuel cost = $1.72 per gallon (retail)

Emulsified diesel fuel = $1.97 per gallon (retail)

CNG = $1.67 per gallon (retail)

LNG = $1.74 per gallon (retail)

LPG = $2.05 per gallon (retail)

Hours of operation = 2,400 hours per year

Energy consumption factor = 18.5 hp-hr (Carl Mopesgram Guidelines)

Fuel penalty = 15% for emulsified diesel, 43% foic, 71% for CNG, and 35% for LPG
Equipment life = 10 years

Present worth factor = 8.111@4% real interest Goydars

April 2004



Chapter 3: Emission Reductions and Cost-Effectisgne

CONCLUSION

Based on this feasibility study, all the technoésganalyzed provide cost-effective control
strategies for NOx and PM for uncontrolled (pre-@P®6ff-road engines. As can be seen
from the data in Table 3-3, the most cost-effectipproach for uncontrolled as well as later
model off-road engines is the use of yard tragbomsered by on-road certified engines.

In general, the other technologies analyzed hayleehnicost-effectiveness because they either
provide only modest emission reductions compared oteroad engines, or have
comparatively higher costs associated with thenor dxample, while the capital cost of
diesel oxidation catalysts is quite low, the cd&tativeness of this technology is
comparatively high especially relative to later rabgear off-road engines since it provides
only modest PM10 emission reductions and does ethice NOx emissions. Conversely,
emulsified diesel fuel provides substantial PM1@utions, but is fairly expensive relative
to petrodiesel at current prices and thus alscahe@mparatively high cost-effectiveness. It
may be reasonably assumed, however, that incrgasedction of emulsified diesel would
result in a reduction in price and improved cosatfveness. Additionally, while DOCs and
emulsified diesel both have comparatively high -@&ctiveness, these retrofit technologies
may be part of an effective control strategy fatugng emissions from yard tractors due to
ease of use, low or no capital costs, minimal neaahce requirements, etc. Furthermore, in
combination with on-road engines, both DOCs andlsiffred diesel fuel provide substantial
and highly cost-effective emission reductions.

Vehicles powered by alternative fuels (i.e., ndtges, LPG) provide substantial reductions
but at a comparatively high cost-effectivenesstinadato later model year off-road vehicles

(even without consideration of fueling infrastrueticosts) due to the high capital costs of
vehicles (at current price points) as well as tighhannual costs due to fuel penalties
compared to conventional diesel vehicles. Nevértise the use of alternative fueled yard
tractors may be part of an effective strategy totmd emissions from yard tractor fleets,

especially for those yard tractor operators usiibgrraative fueled vehicles in their existing

operations (e.g., LPG forklifts, CNG trucks, etcAs with other control technologies, as
alternative fuel vehicle technologies mature, tbst-@ffectiveness of these technologies will
likely improve.
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Chapter 4: Potential Regulatory Approaches

INTRODUCTION

This chapter presents a number of possible regylajgproaches to control emissions from
yard tractors used by terminal operators within kbeal ports. These possible control
strategies will require further development to aodofor technical, cost, and legal

considerations. Consideration of the possible le¢gry approaches can be viewed in the
context of AQMD authority to control emissions oiteria pollutants (i.e., NOx, PM) and/or

toxic air contaminants (i.e., diesel particulate).

FLEET RULE APPROACH

Similar to the AQMD'’s existing fleet rules, thisgudatory approach assumes that yard
tractors would be treated as fleets of vehicles thadl new vehicle purchases must have
emissions equivalent to alternative clean fuels.

Control Concept

Under this regulatory approach, any new purchateff-coad and on-road type yard tractors
will be required to be powered by alternative cléaels such as LNG/CNG, LPG, or any
other alternative fuel which meets the equivaleamteria allowed under Health and Safety
Code 840447.5. The Los Angeles Board of Harbor @msioners recently adopted a Clean
Engines and Fuels Program (a non-binding commitrbgrthe Port) to incorporate, where
operationally feasible, alternative clean fuel e#ds into its fleet as its conventionally-
powered vehicles are retired. Additionally, astpaf the China Shipping settlement
agreement between community groups and the PaudsAngeles (see Chapter 1), all of the
yard tractors used at the China Shipping terminkrun on alternative clean fuels.

It should be noted that yard tractor operators Haswrically expressed concerns regarding
the applicability of alternative clean fuel equiprthéo this application because of power
requirements, fuel economy, fueling infrastructued reliability under intense operations.
Thus, as part of rule development under a fleet approach, staff would address any
potential technical issues associated with altereaiean fuel powered yard tractors.

Legislative Authority and Other Considerations

Under State law, the AQMD has the authority to megypublic and commercial fleet
operators to purchase clean burning alternativés fiwben replacing vehicles in their fleet.
Health and Safety Code 8 40447.5(a) specificallpwad the AQMD Board to adopt
regulations that:

Require operators of public and commercial fledtisles, consisting of 15 or
more vehicles under a single owner or lessee aathtipg substantially in the
south coast district, when adding vehicles to @la@ng vehicles in an
existing fleet or purchasing vehicles to form a rfeagt, to purchase vehicles
which are capable of operating on methanol or otmguivalently clean
burning alternative fuel and to require that theskicles be operated, to the
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maximum extent feasible, on the alternative fuekmwloperating in the south
coast district . . .

Though a large percentage of the existing yarddrdleets operated at the ports are powered
by off-road engines and are not licensed for usestogmets or highways (i.e., not DOT-
certified), they are considered motor vehicles wrigkate law. Section 415 of the Vehicle
Code defines motor vehicles as vehicles designdoeteapable of transporting people or
goods on streets or highways. “Capable” meansigdiys able - not legally operable - for
such use. Consequently, a fleet vehicle ruleviglale option for this source.

While the AQMD has the regulatory authority to atlagleet rule for yard tractors, there is a
reason that such an approach may not be the prdfaontrol strategy at this time.
Specifically, the U.S. Supreme Court recently heargliments challenging the legality of
AQMD'’s existing fleet rules (case No. 02-1343). vBeping a fleet rule for yard tractors
prior to the Court’'s decision may raise regulatargcertainty concerns during rule
development.

INDIRECT SOURCE APPROACH

Under this approach port terminals are classifisdiralirect sources subject to AQMD
authority to regulate such sources.

Control Concept

Under this approach, staff would develop a rulg tkeduces emissions from yard tractors
based on use restrictions (i.e., hours of operatiofuel use). It should be noted that the
purpose of the program is not to limit growth at fforts, but to reduce emissions. Potential
strategies would be designed in such a way théediengines would be subject to more
severe use restrictions with incentives providedataelerate engine replacement. The
operating hours or fuel use limits would be base@dmw evaluation of feasible reductions.

As part of rule development, staff would considesluding alternative compliance options

that achieve reductions equivalent to those achiéyethe required operational restrictions.
Such alternative compliance options may includieet faverage emission rate (including use
of vehicles powered by on-road certified enginesrofit technology, alternative fuels, etc.),

purchase/retirement requirements, operational irgnents, alternative fuels option, or a
mitigation fee.

Legislative Authority and Other Considerations

While local and regional authorities have the prynaesponsibility for control of air

pollution from all sources other than emissionsrirmotor vehicles, the California Health
and Safety Code provides AQMD with two types ofhauity relative to motor vehicles —

fleet rule authority (see above) and indirect seusathority. Health and Safety Code §
40716(a)(1) authorizes the AQMD reduce or mitigataissions from indirect sources.
Additionally, Health and Safety Code 8§ 40440(b)8js forth that the AQMD adopt rules
and regulations to carry out the Air Quality Managat Plan including those that provide
for indirect source controls in those areas ofSbath Coast district in which there are high-
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Chapter 4: Potential Regulatory Approaches

level, localized concentrations of pollutants othwiespect to any new source that will have a
significant effect on air quality in the South CoAs Basin. This indirect source provision
provides broad authority to the AQMD in controllimglirect sources allowing for a range of
possible compliance strategies such as use limitg, (hours of operation, trip numbers or
length, etc.), mitigation fee, or an emissions c&ensequently, a control approach based on
AQMD'’s indirect source authority appears to provadeiable option for reducing emissions
(criteria or toxics) from yard tractors.

RETROFIT CONTROL APPROACH

Under this approach, AQMD would establish retrofiuirements for existing yard tractor
fleets based on verified retrofit technologieseplacement of existing off-road engines with
cleaner engines.

Control Concept

Under a retrofit control approach, any retrofithiealogy would have to be certified by
CARB through the Diesel Emission Control Strategyritication Procedure. AQMD would
establish emission reduction requirements (i.e.vélicle or by fleet average) based on
CARB'’s verified levels of reductions for retrofie¢hnologies. Proven diesel emission
control technologies that are commercially avaédbk on-road diesel engines include diesel
oxidation catalysts, diesel particulate filters,gie adjustments, emulsified fuels, and
integrated systems that combine these technologiBsoven technologies for off-road
engines include diesel oxidation catalysts, emalsifiesel, and alternative fuels.

As previously discussed, the Ports of Los Angeled Bong Beach have both initiated
voluntary diesel emission reduction programs wiginbourage the use of retrofit controls on
yard tractors and other off-road equipment. TheasPlbave made funds available to their
tenants (i.e., terminal operators) to help subsitlie costs of retrofit technologies, including
emulsified diesel fuel and diesel oxidation cattslys

Legislative Authority and Other Considerations

State law grants CARB the authority to set starglémd motor vehicles, including off-road
equipment meeting the definition of “vehicle” (séiscussion under Fleet Rule Approach,
above). Air districts are not authorized to cohtnotor vehicles (Health and Safety Code §
39002). Thus, AQMD has no authority to establigiea standards. To require a retrofit
strategy, AQMD would have to obtain additional auity. For example, state law could be
amended to authorize AQMD to develop and adopofiestandards. These standards, once
adopted as AQMD regulations, would be submitted G&RB’s approval as “California
standards” which would then be subsequently subthittr EPA’s approval. If CARB were
to submit the “California standards” to U.S. EPASUEPA would still have to authorize the
retrofit rule prior to the rule taking effect. Hewer, because of the uncertainty in obtaining
such authority, this approach is not recommendddigtime.
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AIR TOXICS REDUCTION APPROACH

This approach would seek to control emissions ofictair contaminants (i.e., diesel
particulates) from existing yard tractor fleets.

Control Concept

Under this approach, terminal operators would lggiired to reduce emissions of toxic air
contaminants from yards tractors. Since the maiictcomponent of yard tractor emissions
is diesel particulates, this approach would foausantrolling emissions of diesel PM.

Legislative Authority and Other Considerations

California Health and Safety Code § 39656 setdhfthe intent of the Legislature that the
state board and the districts implement a prog@negulate toxic air contaminants that will
enable the state to receive approval to implemedtemforce emission standards and other
requirements for air pollutants subject to Sectid2 of the federal Clean Air Act. Under
this authority, AQMD has adopted a number of rutestrolling emissions of toxic air
contaminants for stationary sources.

To control air toxic emissions from yard tractotise AQMD could use its toxic control
source authority in conjunction with its indiredusce authority to regulate diesel particulate
emissions from this source category. Therefotie,dbntrol approach would be similar to the
indirect source approach discussed earlier.
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RECOMMENDED CONTROL APPROACH

Based on the analysis in this White Paper, staffmenends pursuing an indirect source rule
approach, including air toxics considerations, ffeducing emissions from yard tractors.
Under this approach, staff would develop an indisetirce rule, using its indirect source and
air toxics statutory authority, which would estahliuse restrictions (e.g., hours of operation,
fuel consumption) for yard tractors operated attporAs part of rule development, staff
would also consider including alternative compl@ngptions such as a fleet average
emission rate, purchase/retirement requirementyatipnal improvements, alternative fuels
option, or a mitigation fee. In addition, deperglon the outcome of the Supreme Court case
concerning AQMD'’s fleet rules, further requirementgy be considered pursuant to
AQMD’s state authorized fleet authority. Followitige release of this White Paper, staff
will proceed with rule development in conjunctioittwall stakeholders. The next phase of
rulemaking will be developed for yard tractors @ted at rail yards and distribution centers.

ACTION PLAN

Staff presented the concepts set forth in this &/iaper to AQMD’s Mobile Source
Committee on February 27, 2004, whose members c@ttwith staff's recommendation to
proceed with rule development commensurate with A¥Viauthority. The Committee
requested that staff engage air pollution contiaff sn other areas of the country with high
concentrations of yard tractors to facilitate a kearfor cleaner vehicles, and to ensure port
administrators (including the Harbor Commissioneagd equipment manufacturers are
included during rule development. Accordingly, fstaill initiate the rule development
process by releasing the draft White Paper, estably a stakeholders working group, and
developing specific rule requirements.
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