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NOTICE

This report was prepared by Southern Research Institute in the course of performing work contracted for
and sponsored by the New York State Energy Research and Development Authority (hereafter
“NYSERDA?”). The opinions expressed in this report do not necessarily reflect those of NYSERDA or the
State of New York, and reference to any specific product, service, process, or method does not constitute an
implied or expressed recommendation or endorsement of it. Further, NYSERDA, the State of New York,
and the contractor make no warranties or representations, expressed or implied, as to the fitness for
particular purpose or merchantability of any product, apparatus, or service, or the usefulness, completeness,
or accuracy of any processes, methods, or other information contained, described, disclosed, or referred to
in this report. NYSERDA, the State of New York, and the contractor make no representation that the use of
any product, apparatus, process, method, or other information will not infringe privately owned rights and
will assume no liability for any loss, injury, or damage resulting from, or occurring in connection with, the

use of information contained, described, disclosed, or referred to in this report.
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ABSTRACT

The primary goal of NYSERDA'’s Non-Road Clean Diesel Program is to demonstrate and evaluate the
feasibility and performance of commercially available emission control technologies for reduction of
particulate matter (PM) and oxides of nitrogen (NOx) emissions. The demonstrations will employ in-use
field testing approaches. Given the broad range of non-road diesel equipment types and classes, and the
variety of control technologies and strategies available, detailed pretest research and planning was
conducted to maximize the effectiveness of the field demonstration. Research and planning included
development of current non-road equipment and emissions inventories for New York State (hereafter
“NYS”) and the New York City Metropolitan Area (hereafter “NYCMA?”), identification of high priority
sectors and equipment with regard to PM and NOx emissions, and an assessment of emission control

technologies and strategies that are currently commercially available.

A field demonstration test matrix was developed based on the information assembled regarding the future
of diesel, high priority equipment, available program funding, and the most effective control technologies
or strategies with respect to the selected equipment. Once implemented, the test matrix will provide
NYSERDA and the project advisory group with a representative data set regarding the performance of
leading emission control technologies on classes of diesel equipment that are having an adverse effect on
NYCMA air quality. This Interim Report presents the approaches, rationale, and findings regarding

development of the Clean Diesel Program field demonstration test matrix.
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SUMMARY

NYSERDA initiated a Non-Road Clean Diesel in-use testing program in March 2005. The program’s goal
is to demonstrate and evaluate the feasibility and performance of commercially available emission control
technologies in reducing emissions of particulate matter (PM) and oxides of nitrogen (NOx) from non-road
equipment. The in-use field demonstration portion of the project will be conducted with the participation
of equipment owners and operators in NY'S with a focus on the NYCMA, as well as emission control

technology vendors.

To make the most of project resources, diesel equipment and emission control technology combinations
will be selected that provide the most useful data and the highest potential for air quality improvements.
Current program funding will allow for field demonstration of 15 to 20 non-road diesel equipment and
emission control technology combinations. To accomplish this goal, equipment selection will be based on
those comprising large populations and high emission rates paired with effective, feasible control strategies.
This Interim Report describes the results of modeling and survey efforts to develop an emission inventory

and the approach used to select non-road equipment and control strategies for testing.

Modeling and survey efforts identified the NYCMA as the contributor to the bulk of non-road PM and NOx
emissions in the State, and have provided a basis to rank emissions by equipment type and population.
Construction and mining equipment was identified as the most significant sector. Attention should be

given to the following equipment types:

e tractors, loader, and backhoes in the range of 50 to 175 horsepower (hp)
e rubber tire loaders, 175 to 600 hp

e excavators, 75 to 300 hp

e off highway trucks, 1,200 to 2,000 hp

e  skid steer loaders, 40 to 100 hp

This report provides a description of available control technologies and strategies, and identifies those

having the highest potential for effective and feasible PM control, including the following:

e active and passive diesel particulate filters (DPF)
e catalyzed diesel particulate filters (CDPF)

e diesel oxidation catalysts (DOC)

e select combinations of DPFs and DOCs

e flow through filters (FTF)

e catalyzed wire mesh filters (CWMF)

S-1
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Emission control strategies and technologies with potential for effective and feasible PM and NOx control

include the following:

e selective catalytic reduction (SCR) combined with passive or active DPF
e lean NOx catalyst with DPF

e engine rebuild kits

e idle reduction technologies

e biodiesel

The report also includes a discussion regarding the future of diesel engine use and market trends.
This discussion is intended to assess the future of diesel use and emissions in the off road sector by
considering how existing and future local, state, and federal regulations, the availability of new diesel

technologies, and the potential growth of areas may affect the use of diesel technologies in NYS.

Based on information collected and analyzed, a test matrix is proposed that attempts to collect the
maximum amount of relevant and credible field testing data that is cost effective, yet rigorous enough to
support off-road diesel emissions control policies, programs, and initiatives in NYS, including further
development of approved technology lists for compliance with existing regulations such as NYC Local
Law 77 (LL77). In addition, the field test program will provide significant data for end users and fleet

owners to assist in purchasing decisions.

S-2
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1.0 INTRODUCTION

Diesel engines can be highly energy efficient and durable, yet emissions from diesel engines have
historically contributed to a number of serious air pollution problems. Recognizing this, the U.S.
Environmental Protection Agency (EPA) has passed regulations to reduce emissions from new diesel
engines for on-road and, more recently, off-road applications. These regulations will also require the use of
lower sulfur diesel fuel by on- and off-road vehicles, which will be phased in starting in 2006. Existing
diesel engines, however, in the on-road and off-road inventory will continue to emit higher levels of
pollutants including particulate matter (PM), nitrogen oxides (NOx), carbon monoxide (CO), and air toxics.
Within NYS, diesel emissions significantly affect ambient air quality, which contributes to non-attainment
of air quality standards in areas such as the NYCMA. In 2002, diesel powered off-road equipment operated
in NYS emitted an estimated 91,028 tons per year (tpy) of NOx and 7,311 tpy of PM, an estimated 77%
and 64% of the total statewide off-road NOx and PM emissions, respectively.

To address the issues associated with the legacy fleet of diesel engines, several local and state initiatives
and laws have been introduced, which focus on reducing pollution from existing diesel engines. As more
voluntary programs are initiated, regulations enacted, and emission reductions sought, information
regarding the various strategies for emission reductions is needed more and more. This project seeks to
provide detailed information to interested stakeholders, including end-users, regulators and others,
regarding the performance of various emission control strategies on high-priority off-road equipment
operated in NYS. The project is part of a broader Clean Diesel Initiative at NYSERDA that supports
development of products and technologies to reduce emissions from diesel engines, funding for school bus

and other retrofits across NYS, and demonstration and evaluation of various emission reduction strategies.

The primary goal of this project is to evaluate the in-use performance of commercially available diesel
retrofit control technologies to expand energy-efficient diesel emission control technology options for off-
road applications in NYS. To ensure the demonstrations are relevant and provide information regarding
applications that will result in the most significant emission reductions in the state, the project also includes
a thorough review of emissions from non-road diesel engines in the state and an analysis of the feasibility

of various control strategies in non-road applications.
Objectives of this project are to:
e Assess the technical suitability, the cost, and energy consequences of commercially available
retrofit options.

e Identify applications of commercially available retrofit technologies with the greatest potential air

quality improvement at the lowest cost.
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Identify and prioritize sectors/specific applications and emission control technologies warranting

field demonstration and evaluation in NYS.

Develop a field test plan that maximizes the number of retrofit technologies that can be assessed.

Define an in-use field test protocol that minimizes operator dependent duty-cycle variance.

Conduct an in-use field demonstration program with the participation of equipment

owners/operators and emission control technology vendors.

This report is divided into four additional sections:

e Emission inventory development and refinement (Section 2.0);

e Identification of high priority equipment (Section 3.0);

e Evaluation of technical, economic, and operational impacts of control strategies (Sections 4.0 and
5.0); and

e Planning for field demonstrations (Section 6.0).

The accomplishments under each area are summarized below.

Emission inventory development and refinement (Section 2.0):

e Development of a baseline inventory for NYS and the NYCMA utilizing EPA’s NONROAD2004
model and data provided by NYSDEC.

Identification of high priority equipment (Section 3.0):

e Evaluation of off-road equipment emissions and other factors to identify high-priority equipment
targets via ranking of factors such as total pollutant emissions, emission rates, equipment activity,

equipment population, costs, and other factors.

Evaluation of technical, economic, and operational impacts of control strategies (Sections 4.0 and 5.0):

o Identification, evaluation, and ranking of control technologies based on factors such as control
efficiency, cost, durability, fuel economy, installation and maintenance requirements, and other
factors.

e Assessment of the future of diesel use and emissions in the off road sector by considering the use
of new technologies in the off-road sector that may impact diesel use, existing and future local,
state, and federal regulations, the potential growth of areas in which diesel technologies are used

in NYS, and other factors that may significantly impact use.
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Planning for field demonstrations (Section 6.0):

e Development of a demonstration program test matrix, structured to allow for testing a range of
selected high priority sector equipment with a variety of the most feasible emission control

technologies.

This report discusses the first five objectives identified above. These outputs will guide the focus of the
project, and may also guide subsequent diesel emission reduction programs/initiatives in NYS.

They will result in the specification of field demonstrations for high priority equipment types and
applicable control strategies with the greatest potential for emission reductions. Field demonstrations and
control strategy evaluations will be completed separately and a separate report provided describing all

testing and evaluation activities.

In addition to this report, there are two additional forthcoming reports. One will discuss a survey of private
construction contractors and municipal agencies that was implemented to collect primary data on dollars
spent on and allocation of commercial and residential construction and public works projects in the
NYCMA, as well characteristics of the equipment fleets utilized in this work. The other report will discuss
a survey of the 38 freight railroads and six passenger/commuter rail lines operating in NYS. This survey
will provide a more accurate inventory of locomotive and rail equipment allocation, activity, and
characteristics. This data, along with available EPA emission factors, will be used to develop county-level

PM, NOy, and CO emissions estimates for locomotive engines in NYS.
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2.0 NEW YORK STATE NON-ROAD EMISSIONS AND EQUIPMENT INVENTORY

The NYSERDA Non-Road Field Demonstration Program specifies the completion of a non-road
equipment and emissions inventory for NYS and the NYCMA in 2002 as a baseline. The inventories are
utilized to discern the impacts of non-road diesel equipment on air quality in NYS and to identify the non-
road equipment types that are the primary contributors to air quality problems associated with PM and NOx

emissions, as well as other pollutants.

The goals of the inventory task were to (i) develop improved emission inventory data for NYS; (ii) identify
opportunities for emission reductions for non-road diesel equipment; and (iii) identify and prioritize
equipment sectors or types and emission control technologies which warrant field demonstration. In

addition, these outputs may be used to guide subsequent NYS emission reduction programs.

The first subtask to complete in this phase of the program was to establish a baseline emission inventory,
evaluate the inventory results, and rank the equipment and sectors specified in the inventory to determine
the priority sectors and equipment types. This subtask was followed by the refinement of the emissions
inventory, re-evaluation of the prioritization results to ensure an accurate identification of priority

equipment, and a feasibility analysis for emission control technologies on the priority equipment.

2.1  BASELINE EMISSION INVENTORY

2.1.1  Model Description

The baseline non-road emission inventory was developed using the EPA’s draft NONROAD2004 model .
The NONROAD model was created to assist states and local regulatory agencies in developing accurate
non-road emission inventories. The model provides emissions, population, activity, and fuel consumption
information for equipment of various types, sizes, sectors, and fuel types. Fuel types included in the model
are gasoline, diesel, compressed natural gas (CNG), and liquefied petroleum gas (LPG). Sectors, or

equipment categories, included are:

e agricultural equipment;

e airport ground equipment;

e commercial equipment;

e construction and mining equipment;

e industrial equipment;

e commercial lawn and garden equipment;

e residential lawn and garden equipment;
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e logging equipment;
e pleasure craft;
e railroad equipment; and

e recreational equipment”.

2.1.2 Model Inputs

The baseline model uses various inputs to estimate emissions for over 200 equipment types for specified
time periods. These inputs may be set as default inputs included in the model, or may be modified by users

to improve the representativeness of the model for a specific area. The standard model inputs are:

e equipment population by age, power, fuel type, and application;

e average load factor expressed as average fraction of available power;
e available power;

e  hours of use per year; and

e emission factor.

For estimating local area or county inventories, the model allocates equipment populations to the county-
level using surrogate indicators believed to correlate with equipment activity. EPA technical reports
describing the basis for all inputs to the NONROAD model are available at
http://www.epa.gov/otaq/nonrdmdl. htm#techrept”.

To improve the baseline inventory accuracy for NYS, certain non-default inputs were used. These included
using non-default inputs for estimating airport ground support emissions and setting ambient temperatures

and fuel specifications based on county level data provided by NYSDEC.

Airport ground support emissions for the state were estimated using the Federal Aviation Administration’s
(FAA) Emissions and Dispersion Modeling System Version 4.2*. Airport specific data was acquired from
the FAA and used as inputs to the model. The inputs were used to estimate emissions from airport ground

service equipment.

Temperature data for 2002 was acquired from the National Oceanic and Atmospheric Administration, and
included historical weather data from thirty-three airport locations across the state of New York and other
surrounding locations®. This information was used to develop average high and low temperatures for each

month on a county by county basis, which was then input into the NONROAD model.
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Fuel blend data for gasoline engines was acquired from the New York State Department of Agriculture and
Markets. This data was based on samples collected across the state from fueling stations and retention
areas. These samples were then analyzed for many specifications, including oxygen content, Reid Vapor
Pressure, and sulfur content. The data provided average monthly fuel profiles on a county by county basis.
These profiles, along with default values for diesel, CNG, and LPG fuel, were input into the NONROAD

model.

All model input files and model runs were completed by NYSDEC. Monthly county data was provided to
Southern Research Institute (Southern) and its subcontractor, E.H. Pechan & Associates, Inc. (Pechan), for
aggregation into state and regional inventories and further analysis. NYSDEC also provided locomotive
and commercial marine inventory information for inclusion in the baseline inventory (see section 2.1.3).
Model input files are contained in the addendum to this report, titled NYSERDA Clean Diesel Technology:

Addendum to the Non-Road Field Demonstration Program Interim Report — Model Input Data.

2.1.3  Model Outputs

The NONROAD model was used to generate the following outputs:

e cmission data in tons per year (tpy) for THC, PM, NOx, and CO by equipment sector, type,
horsepower range, and fuel type; and
e cquipment population, activity in hours of use per year, and fuel consumption in gallons per year

by equipment sector, type, horsepower range, and fuel type.

For all non-road equipment, NONROAD 2004 incorporates population counts for a base year of 2000.
Equipment populations for a base year of 2002, the most recent population data included in the model, were
estimated using a linear extrapolation of available historic diesel engine populations®. Therefore, the model
was run for a base year of 2002. To determine the impacts of future engine developments and fuel
specifications, the model was also run for projection year 2009. To estimate future years, the model takes
into account growth and retirement rates for equipment, as well as other control options. Fuel inputs for
2009 were estimated based on pending regulations for gasoline and diesel sulfur levels, along with LL77,

which requires the use of 15 ppm sulfur diesel for construction projects in the NYCMA.

Both model runs provided outputs for each month and county in NYS. Results were then aggregated to

form annual statewide and regional NYCMA inventories including:

e annual emissions;

e 0zone season emissions;
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e aggregated state-wide emissions;

e aggregated NYCMA (10-county) emissions;

e emissions by off-road sector (construction and mining, agricultural, industrial, airport, etc.); and

e emissions by source classification code (SCC), equipment type, and individual horsepower/ engine

size bins.

Emission data for locomotives and commercial marine vessels for a base year of 2002 was also included in
the baseline inventory. This data was supplied by NYSDEC and integrated into the 2002 model.
Locomotive data was included in the railroad equipment sector and is based on estimated fuel consumption
of railroad systems that operate within the boundaries of NYS. This data is based on emissions from 1990
extrapolated to 2002 levels based on existing emission activity, expected changes in activity, and historical
emission factor rates. Data for commercial marine vessels was integrated into the model as its own sector.
These emission data are based upon the commercial marine vessels emissions report prepared by Starcrest
Consulting Group in conjunction with their work on the New York Harbor Deepening Project. The

emissions are based on actual 2002 operational data from an intensive survey performed by Starcrest’.

Locomotive and commercial marine data for projection year 2009 was not provided to Southern, so the
2002 data was integrated into the 2009 model as well so as to not bias the results of the 2009 model by the
absence of locomotive and commercial marine data. There were a few differences between the outputs of
the NONROAD model and those of the locomotive and commercial marine emission data. THC, NOXx,
PM, and CO emissions by equipment and fuel type were the only outputs included in the locomotive and
commercial marine data. Information on population, activity, and fuel consumption was unavailable.
Unlike the NONROAD model, the locomotive and commercial marine emission data was not broken down
into horsepower ranges. Addition of the locomotive and commercial marine data also resulted in the
introduction of an additional fuel type not included in the NONROAD model: residual fuel, which is

utilized in the marine sector.

In addition to the standard model runs, a separate model was run to provide emission and population data
by model year for each equipment type. The model year run was completed by Pechan for NYS as a
whole. The results of this run are based on a NYS-level run of the NONROAD model for base year 2002,
using all national default inputs for fuel specifications and temperature. The output provides the equipment
emissions and population by model year of the engine as well as by technology type (SCC). Locomotive

and commercial marine data were not available for inclusion in the model year run.
It should be noted that estimates generated by the NONROAD model, although used by the EPA, have

inherent inaccuracies due to the limitations of the model. These limitations include how equipment is

allocated geographically, assumptions made to estimate equipment activity (hours of use), as well as
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reliance on limited emission factor data. Model results are estimates and may not represent real conditions.
Further investigation is needed before acceptance as a viable estimate of equipment populations and

emissions. This is discussed further in section 2.2.

2.1.4 2002 Baseline Modeling Results and Discussion

This section presents the results of the 2002 baseline model. It summarizes key details regarding the
impacts of non-road equipment on air quality in NYS and the NYCMA. Complete modeling results are

available in the Interim Report data addendum’. The data addendum includes:

e summaries of 2002, 2009 non-road emissions, population, activity, and fuel consumption for all
fuels;

e tables listing the top 50 2002, 2009 non-road emissions, population, activity, and fuel
consumption rankings for all fuels;

e summaries of 2002, 2009 non-road diesel emissions, population, activity, and fuel consumption;

e tables listing the top 50 2002, 2009 non-road diesel emissions, population, activity, and fuel
consumption rankings;

e acomparison of the 2002, 2009 non-road model results;

e 2002, 2009 non-road diesel weighted rankings;

e summaries of 2002 NYS emission and population data by model year; and

e summaries of emissions, population, activity, and fuel consumption for the 2002, 2009 refined

models.

The non-road sector is responsible for a significant portion of emissions from all sectors, including on-road,
area, and point source emissions. In NYS, the non-road sector is responsible for approximately 10% of all
PM and 19% of all NOx emissions. In the NYCMA, the non-road sector comprises approximately 29% of
all PM and 22% of all NOx emissions®.

To evaluate the role of different fuels in non-road sector emissions, comparisons were first made of
statewide and NYCMA annual non-road emissions by fuel type. Table 2-1 summarizes non-road emissions
for NYS. For all fuels, fuel consumption was normalized to Btu so that a comparison between the fuel
types could be made. Residual fuel does not include data for population, activity, and fuel consumption

because, as indicated in section 2.1.3, data was not available for these outputs.
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Table 2-1. 2002 NYS Non-Road Emissions by Fuel Type

THC, PM, NOX, CO, Population, Activity, Fuel Consumption,

tpy tpy tpy tpy # of units hours / year Btu / year
CNG 4925 8 1651 6549 5082 5.27E+06 1.43E+12
Diesel 8212 7311 91028 38154 275400 1.82E+08 6.51E+13
Gasoline, | ooy | 3790 | 1300 | 171455 | 2883446 2.15E+08 1.41E+13
2-stroke
Gasoline, | »c10 | 975 | 10533 | 886843 | 4457727 5.77E+08 2.77E+13
4-stroke
LPG 2696 63 13433 52353 39814 4.46E+07 1.06E+13
Residual 31 48 986 129 -- -- --

The focus of this project is on air quality problems associated with non-road PM and NOx emissions.

Figure 2-1 and Figure 2-2 show the percentage that each fuel type contributes to these emissions in NY'S.

LPG Residual
1% <0.5%

Residual
1%

Gasoline,
4-stroke
2%

CNG
1%

CNG Gasoline, LPG
<0.5% 4-stroke
9%

Gasoline,
2-stroke

33% Gasoline,

2-stroke
1%

Diesel
64% Diesel
77%

Figure 2-1. 2002 NYS Non-Road PM Figure 2-2. 2002 NY'S Non-Road NOx
Emissions by Fuel Type Emissions by Fuel Type

Diesel fuel accounts for the largest percentage of non-road PM (64%, or 7,311 tpy) and NOx (77%, or
91,028 tpy) emissions statewide. Similar results are seen for the NYCMA, with diesel responsible for 75%
(3,949 tpy) of PM and 75% (44,432 tpy) of NOx emissions. Diesel fuel also accounts for the largest
percentage of non-road fuel consumption statewide (55%, or 6.51E+13 Btu/yr) and in the NYCMA (60%,
or 3.72E+13 Btu/yr).

Southern also completed an analysis of statewide and NYCMA non-road emissions for all fuel types by
equipment sector. Table 2-2 summarizes the results for NYS. The construction and mining equipment
sector is responsible for the largest percentage of non-road PM (35%, or 3,980 tpy) and NOx (35%, or
41,182 tpy) emissions statewide. The construction and mining equipment sector is also responsible for the
largest percentage of non-road fuel consumption (36%, or 4.24E+13 Btu/yr) statewide. Similar results are
seen for the NYCMA, with construction and mining equipment responsible for an even larger portion of

overall emissions, as shown in Figure 2-3 and Figure 2-4.
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Table 2-2. 2002 NYS Non-Road Emissions for All Fuel Types by Equipment Sector

THC, | PM, | NOx, | CO, | Population, /?lcotl'jl’,':‘/’ Consﬁ;‘ﬁétion
tpy tpy tpy tpy # of units year Btu / year '
Agricultural 862 | 799 | 6391 | 7268 36613 1.0SE+07 |  5.70E+12
Equipment
Airport 92 | 71 | 919 | 1010 1672 1216406 | 8.90E+11
Equipment
Commercial 14791 | 1017 | 11413 | 334600 | 674111 1.24E+08 1.70E+13
Equipment
Construction and
Mining 6935 3980 | 41182 | 58233 159586 1.02E+08 4.24E+13
Equipment
Industrial Equip. 6497 737 | 20426 | 74167 61492 8.41E+07 1.89E+13
Lawn & Garden
Equipment, 16713 741 3482 | 250967 377731 1.15E+08 8.46E+12
Commercial
Lawn & Garden
Equipment, 11526 | 283 1751 206567 5196611 1.12E+08 6.19E+12
Residential
Logging 123 | 23 | 231 879 3044 5.33E+05 2.77E+11
Equipment
Marine Vessels, | 454 | 506 | 12266 | 1790 - - -
Commercial
Pleasure Craft 36417 | 2168 4784 108387 720659 3.25E+07 1.20E+13
Railroad 678 | 410 | 15345 | 2110 1637 8.69E+05 | 1.91E+11
Equipment
Recreational 25757 | 757 | 741 | 109506 | 428313 | 4.41E+08 6.99E+12
Equipment
. . Recreational .
Megonnigw\;eescsizlls’ Pleas;tryeo cratt R;:LE;;\Z:?I ézzf:rilgr?tl Airport Logging Pleas;(rj/e Craft Eljﬁ::;c:edm E(lu(i)l?gg/(:m é%ﬂépééfml
Lousi Raiload ° " <05% _—gquipment it ) 1% Airpot
ELogglngm Equipment 1% =7 Marine Vessels, Equipment
(lu(I)pISTUI/i % Commercial Lawn and Commercial 1%
’ \ Equipment Garden 13% Commercial
Lgv;/pdirr\]d 14% Equi_pme_nti ‘\ Equipment
Equipment, Res;cizntla 15%
Residential
3% Lawn and

Garden

Lawn and ) Equipment,
Garden Industrial Construction Commercial Construction
Equipment, ~ Equipment and Mining 4% Industrial and Mining
Commercial 7% Equipment Equipment Equipment
9% 49% 17% 46%

Figure 2-3. 2002 NYCMA PM Emissions for
All Fuels by Equipment Sector (5,259 tpy
total)

Figure 2-4. 2002 NYCMA NOx Emissions for
All Fuels by Equipment Sector (58,570 tpy
total)

As demonstrated in the previous tables and figures, diesel fuel use is the primary contributor to PM and
NOx emissions in NYS and the NYCMA. Because of this, as well as the future implementation of
various rules impacting diesel equipment, the focus of the remainder of this report and the NYSERDA

demonstration project is on diesel-fueled non-road equipment.
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Figure 2-5 and Figure 2-6 summarize non-road diesel PM and NOx emissions for NYS and the NYCMA

by equipment sector.
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Figure 2-5. 2002 NY'S and NYCMA Non-Road Diesel PM Emissions for Diesel Fuel by

Equipment Sector
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Figure 2-6. 2002 NYS and NYCMA Non-Road Diesel NOx Emissions for Diesel Fuel by

Equipment Sector
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The analysis of statewide and NYCMA emissions by equipment sector for diesel fuel yielded similar
results to those of all fuels. Construction and mining equipment were again responsible for the largest

percentage of PM (53%) and NOx (45%) emissions statewide and in the NYCMA (62% and 59%,
respectively).

Emissions of each pollutant were next sorted and ranked by equipment type. For both PM and NOx, the
top 10 emitters by equipment type accounted for at least 61% (4,467 tpy for PM, 57,681 tpy for NOx)of the

total non-road diesel related emissions for the state and at least 68% (2,683 tpy for PM, 30,212 tpy for
NOx) for the NYCMA. This is shown in Figure 2-7 through Figure 2-10.

Line Haul

. Commercial
Agricultural  Tractors/ Locomotives: Marine
Tractors Loaders/ ) Class | Underway
9% Backhoes 9%  SKid Steer Operations Emissions
Other Loaders 13% 8%
30% 8% Other
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Rubber Tire Loaders
Loaders

%
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Tractor/Dozers
Crawler Yard o
AC\ Tractor/D Locomotives 6%
: ractor/Dozers .
Refngf/ratlon ) Commercial 6% 3% Off-highway Agricultural
© Off-highway : Generator : Trucks Tractors
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Figure 2-7. Percentage of 2002 NYS Non-
Road PM Emissions for Diesel Fueled
Equipment (7,311 tpy total)

Figure 2-8. Percentage of 2002 NY'S Non-
Road NOx Emissions for Diesel Fueled
Equipment (91,028 tpy total)
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Figure 2-9. Percentage of 2002 NYCMA Non-
Road PM Emissions for Diesel Fueled
Equipment (3,949 tpy total)

Figure 2-10. Percentage of 2002 NYCMA
Non-Road NOx Emissions for Diesel Fueled
Equipment (44,432 tpy total)
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2.1.5 2009 Baseline Modeling Results and Discussion

Identical evaluations were completed using the 2009 model runs. 2009 runs include impacts of changing

fleets and fuels, including:

e growth and retirement rates for equipment;

e pending regulations for gasoline and diesel sulfur levels; and

e LL77, which requires the use of 15 ppm sulfur diesel and “best available technology” (BAT) for
construction projects in the NYCMA.

It should be noted that projected data for the locomotive and commercial marine sectors was unavailable

for the 2009 model runs. Consequently, the 2002 data was used for the 2009 runs.

Comparisons were first made of statewide and NYCMA annual non-road emissions by fuel type
Figure 2-11 and Figure 2-12 show the percentage that each fuel type contributes to non-road PM and NOx

emissions in NYS.

Residual
<0.5% .
Gasoline, '-;/G Reilujiual
- 0 . )
) 4 St;()ke CNG Gasoline, LPG CNG
Gasoline, 3% 4-stroke

0,
2-stroke <05%

37%

9%

Gasoline,
2-stroke
2%

Diesel
59%

81%

Figure 2-11. 2009 NY'S Non-Road PM Figure 2-12. 2009 NYS Non-Road NOx
Emissions by Fuel Type Emissions by Fuel Type

Diesel fuel accounts for the largest percentage of non-road PM (59%, or 5,693 tpy) and NOx (81%, 83,029
tpy) emissions statewide. This is a decrease from 2002 levels in percentage of non-road PM emissions, but
an increase in percentage of non-road NOx emissions. Similar results are seen for the NYCMA. Diesel
remains responsible for the largest percentage of non-road PM and NOx emissions (71%, or 3,053 tpy for
PM; 81%, or 39,859 tpy for NOx). Again, this is a decrease from 2002 levels in percentage of non-road

PM emissions, but an increase in percentage of non-road NOx emissions.

Southern also completed an analysis of statewide and NYCMA non-road emissions for all fuel types by
equipment sector. Table 2-3 summarizes the results for NYS. As with the 2002 model, the construction

and mining equipment sector accounts for the largest percentage of non-road PM (30%, or 2,963 tpy) and
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NOx (33%, or 34,095 tpy) emissions statewide. This is a slight decrease in the percentages seen in the

2002 model (35% each for both 