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Executive Summary

In late 2003, the City of New York promulgated Lbcaw 77 (“LL77”) requiring the

installation of Best Available Technology (BAT) foeducing primarily particulate matter (PM)
and secondarily oxides of nitrogen (y@missions from diesel-powered nonroad constractio
equipment that is either owned by the City or hyaie firms operating on City construction
projects. The first implementation of BAT follovgrihe precepts of LL77 was subsequently
undertaken in July, 2005, at the New York City Dément of Environmental Protection
(NYCDEP) Croton Water Treatment Plant Project (Gndtin the Bronx, New York. Over the
two year project period from July, 2005 to JulyD20a total of twenty-five nonroad construction
machines were retrofitted with BAT emission corgrathile six machines from this group were
selected to undergo in-use emission testing usiadg-hvironment Canada DOES?2 integrated
sampling system (ISS) to quantify the emission céda performance of the selected BAT
operating under real-world conditions.

Emisstar submitted a final report of in-use emissitesting program to URS Malcolm Pirnie
and NYDCEP in January, 2007, quantifying the ermisseduction performance of the selected
BAT on nonroad construction equipment operatingenmdal-world conditions. This report
provides a quantitative estimation of the cumulawnission reductions achieved during the
project period 2005 through 2007, using an anayapproach that combines estimation
technigues, in-use emission testing and real-wagldpment operating data to develop
equipment-specific emission factors to calculatedfiect of BAT on site-wide equipment
emissions.

Results from the analysis showed significant radastin PM, HC and CO emissions from
baseline mass emissions, over time, attributablg)tan increase in total number of installed

BAT systems as a percentage of total equipmentiemppollution on-site; and 2) high pollution
removal efficiency of the emission control techrgiés. On a mass basis, PM emissions trended
down considerably, from a high of 58 kg/month inrbkg 2006, to a low of 2 kg/month in June,
2007, for a total reduction of 96.5 % from the lhiage

Programs such as this Emisstar study are benefiiciglublic health and environmental officials,
enabling a quantitative assessment of implemeitasg available technology programs in
achieving occupational health and air quality iny@mments. They also serve pubic entities and
private industry alike in better quantifying thederesults of instituting such programs in urban
construction environments.



1. Introduction

Nonroad diesel equipment is found to be the sitaglgest contributor of mobile source-based
PM in New York City, according to a 2002 legisl&ireport by the New York City Council, and
this PM is associated with severe and multiplethe&ks. New York City LL77 was passed by
the City Council and signed into law by Mayor Bldeeng in December, 2003. The law amends
the City administrative code of New York by regungithat any diesel powered nonroad vehicle
fifty (50) horsepower or greater, owned by, opetdig or on behalf of, or leased by a City
agency, be powered by (ultra-low sulfur diesel fwdlSD" and utilize BAT for reducing the
emission of pollutants — primarily PM and seconigasiOy.

In July, 2005, the New York City Department of Enavimental Protection (DEP) issued its final
rulemaking, promulgating Local Law 77 under Chag#of Title 15 of the Rules of the City of
New York, requiring the use of ULSD and emissiontcal technologies for both nonroad
vehicles used in city construction and all munittipawned nonroad vehicles regardless of
whether they are being utilized on an active camsion site.

During the period July 2005 through June 2007, Btarswas contracted by the DEP to lead the
first such implementation of BAT following LL77 hgentifying and deploying emission control
technologies (ECT) on nonroad, heavy duty constsaaquipment owned or leased, operated,
and maintained by Schiavone Construction Compangdaostruction activities at the Croton
Water Treatment Project (CWTP) in the Bronx, NewR/(See Figure 1). Emisstar’'s work was
performed to develop best available low-emissiommltance practices and address the needs
and concerns of the stakeholders, including DERigSone, URS Malcolm Pirnie, and the
Croton facility monitoring committee (FMC).

There is a critical need to quantify the amoungmissions removed from projects like Croton to
identify the effects of implementing LL77 on publealth. This work can help public health
and environmental officials to calculate the futarpected value of implementing best available
technology programs in achieving air quality impgments.

2.  Project Objective

The main objective of this study was to quantify tumulative mass emissions removed from
the Croton site over the project period due toaglication of BAT required by LL7. To

answer this question, an analytical approach wad that combines estimation techniques, in-
use emission testing and real-world equipment apegraata to develop equipment-specific
emission factors to calculate the effect of BATsite-wide equipment emissions. Results of the
estimation are also provided along with the methmgioand corresponding protocols.

! Ultra low sulfur diesel fuel with up to 30 parts perliit sulfur content is allowed until September 1, 2006.
Thereafter, a 15 parts per million sulfur content limitéquired.



Figure 1. Croton Water Treatment Project in the Bronx, Néwk
3. Equipment — Emission Control Technology Matrix

The target equipment group for this study inclu2lepieces of equipment retrofitted with the
best commercially available emission control ted¢bgies for nonroad heavy duty diesel
engines, both mobile and stationary. Table 1 plewia summary of the equipment retrofitted
and the types of ECTs installed on each piece wipeeent. The equipment-ECT matrix
includes 3 compressors, 2 dozers, 4 excavatorsydi@ulic drills, 2 line drills, 1 loader, and 3
quarry trucks. There are four types of ECTs ihesthbn this engine population, including:

» Passive diesel particulate filters:
o Purifilter manufactured by Engine Control Systeie€§)
o Selective Catalytic Reduction Technology (SCRT) afaatured by Johnson
Matthey
o JMI Continuously Regenerating Technology (CRT) niactured by Caterpillar
» Active diesel particulate filter:
o RT707 ADPF + DOC manufactured by RYPOS

4. Methodology

The methodology used for cumulative mass emissatimation includes an estimation of
emissions factors for each piece of equipment, ldpweent of an equipment-specific hours of
operation database, and an estimate of “baselieesug “controlled” cumulative mass
emissions. The key elements for calculation of dathe emissions reductions include
estimation of mass emissions considering: (1) nd<i@stalled on the equipment — the
“baseline mass emissions”; and (2) ECTs installethe equipment — the “controlled mass
emissions.” The procedure for calculating “basélered “controlled” mass emissions is shown
in Figure 2 as a flow diagram. The objective a$ gection is presented along with the
requirements of the study



Table 1-Equipment — Emission Control Technology Matrix

h

)

Y

D

Noi | Tome pourer | Model | N Crer | Model | vear | FRR ] mype | JERE ) o
EO1 | Compressor '”g‘;rnsé’" IR 185 1999 | John Deerg NA 1999 65 DPF ECS Purifilf
E38 | Compressor '”ggfé’" P60OWIR | 2005 | JohnDeere ®RFOT | 2005 | 170 | SCRTEPI gy SCRT
E37 | Compressor '”gzrnsg" IR 185 2006 | John Deere NA 200p 65 DPF ECS Purifilf
E03 Dozer Komatsu | PTS2A 1 2004 | Komatsu | S9000 | 2004 | 332 DPF ECS | Purifiter
E04 Dozer Komatsu | P20 A | 2005 | Komatsu | Soe00 | 2005 | a4 DPF ECS | Purifiter
EOQ7 Excavator Komatsu PC-750 2004 Komatsu ?’Z‘oAgDs 2004 474 DPF ECS Purifilter
E25 Excavator Hitachi Zéﬁ(\)%is 2005 Isuzu GVX\(;lX 2005 483 DPF ECS Purifilter
E26 Excavator Hitachi z 'gé%s 2005 Isuzu G\XCBHX 2005 483 DPF ECS Purifilter
E28 Excavator Komatsu PC-200 2005 Komatsu N/A 2005 15 DPF ECS Purifilter
E13 Hyg;;"l‘lu”c f;‘r’;?;"c‘f( Pantera | 2002 | Caterpilar|  C9 | 2008 300 DPF ECS Purifilts
E14 Hyg:ﬁ‘lu"c TS:;?Q"C'T( Pf{‘é%ra 2005 | caterpillar| co | 2008 300 DPF ECS Purifiltd
E23 Hyg:ﬁ‘lu"c TS;;?(‘)"C'I‘( 7558_‘3 2005 | caterpillar| 3126B| 200§ 200 DPF ECS Purifiltg
E24 | HWOraulle ) Sandvik | SCOU 5005 | caterpilar| 3126B| 2008 200 DPF ECS|  Purifilt
E29 Hyg;ﬁ‘lu"c Tss‘nq%"c'l‘( coaber | 2005 | Caterpillar|  3506E| 2005 173 DPF ECs Purifilt
E30 Hyg:ﬁ‘lu"c TS:;?Q"C'T( Cﬁ;'\p%o 2005 | caterpillar| 3506E| 200 173 DPF ECS Purifilt
E31 Hyg:ﬁ‘lu"c TS;;?(‘)"C'I‘( Ca%’%o 2005 | Caterpillar| 3506E| 200 173 DPF ECS Purifilt
E32 Hyg;;"l‘lu"c f’;r’:]?;"c‘f( coaber | 2003 | Caterpillar| 3506E| 2003 173 DPF ECS Purifilt
E39 Hyg;ﬁ‘lu"c Tss‘nq%"c'l‘( coaber | 2005 | Caterpillar|  3506E| 2005 173 DPF ECs Purifilt
E22 Hyg:ﬁ‘lu"c Furukawa | HT-1500| 2005 | caterpillar 31268 2005 20( FDP ECS Purifilter
E11 Line Drill '”g‘;rnsé’" ECM-490 | 1997 | Cummins| C8.3C| 1997 185 DPF ECY Pl
E12 Line Drill '”ggrnsg" ECM-590 | 2004 | Cummins css| 2004 215 DPF ECS Puaifilf
E15 Loader Caterpillar | 966G 2004|  cCaterpilldr /leerg 2004 | 259 DPE CAT | JMICRT
E18 | Quarry Truck Terex TR70 2005 DD?ég} ;gc\)/o 2005 | 700 ADPF RYPOS|  ADPF/C
E19 | Quarry Truck Terex TR70 2005 DD?gS‘;'} ;gg’l 2005 | 700 ADPF RYPOS| ADPF/C
E20 | Quarry Truck Terex TR70 2005 DD‘fég i}ggz 2005 | 700 ADPF RYPOS|  ADPFIC

! Equipment Retrofit ID No.
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4.1. Equipment specific emission factor estimation techiques

This section describes and documents the equipspecific emission factor estimation
techniques used in the cumulative emission reduci@dculations. Two different techniques
were employed to calculate emission factors (Eis)ife nonroad equipment used at the Croton
site: 1) for equipment where in-use emission tgst@sults were not able to be obtained, the
EPA NONROAD Model was used to estimate the aveesgission factors; 2) for equipment
where in-use emissions testing was employed, atggatiata was used in the calculatioBoth

the NONROAD Model and the in-use emission testirghodologies are explained in the
following sections.

4.1.1. In-use emission test data

After the first implementation of BAT under LL77dk place at Croton, six pieces of retrofitted
nonroad construction equipment were selected tengadin-use emission testing with the
Environment Canada DOES2 integrated sampling syf®8). The selected construction
equipment is a representative sample of the siypetgnt types operating at the site, and
included the following:

« 170 HP Ingersoll-Rand IR-600 Compressor with SCRT

« 332 HP Komatsu DX-275 Bulldozer with PDPF

« 474 HP Komatsu PC-750 Excavator with PDPF

« 700 HP Terex TR-70 Quarry Truck with ADPF

« 259 HP Caterpillar 966G Rubber Tire Loader with CGRDPF

« 173 HP Tamrock CHA700 Super Tiger Hydraulic DriltkvPDPF

Testing was conducted over a two week period ineejper, 2006, with emissions sampling
performed both before and after the selected eomssantrol technologies. All four EPA
regulated emissions — PM, NGHC and CO — were sampled and analyzed, along®@as a
surrogate for fuel consumption. Three test cygbes — simple, synthesized and in-use — were
created for each of the six equipment/ECT combamatiested following a site-specific protocol
developed using generic protocol guidelines esthbd under the New York State Energy
Research and Development Authority (NYSERDA) nodremission control technology retrofit
and testing program. Detailed information regagdest methodology, portable emission
measurement system, data quality assurance anityquaaitrol (QA/QC), is provided in
Emisstar’s “In-Use Emission Testing Program” report

Mass emission rates measured before the ECTsda@itrabove mentioned equipment were
used as emission factors in this work. Table Rtifles the equipment specific emission factors.
Emisstar assumed that for any given equipment sye) as excavators, the identical piece of
equipment will produce the same emission ratesusTtor pieces of equipment given in Table 1
that are identical to the equipment listed in Tahléhe same emission factors were used for

2The NONROAD Model is a best estimate calculation of BEgjal in-use testing is adjudged to be more accurate
and was employed for as many equipment types — in thisbaseas was economically and technologically
feasible.

11



further calculations. For example, emission factor E31 Tamrock CHA 700 Hydraulic Drill
were used for the other identical hydraulic df€=29, E30, E32, and E39.

Table 2— Emission Factors Estimated from In-Use Emissiestiig

Equipment Information Engine Information Emission Factors
Ref
Nol Manu- Model Manu- Rated PM NOx HC CcoO
e facturer Reee] Year facturer Lt o | @hn | @hn | @hn | @hn
E38 | Compressor '”ggf(?" IR600 2005 John Deerd  6IRFSTEH 170 105 3164 160 7.73
EO3 Dozer Komatsu D155-Ax-5B 2004 Komatsu SDAI‘EG_SMO 332 40.3 866.7 10.4 612.1
E07 | Excavator | Komatsu PC-750 2004 | Komatsyl SMEDMO | aza | 350 | 13028 177|220
Hydraulic Sandvik Super CHA .
E31 ol T ek o 2005 Caterpillar 3506E 173 116 4484 7.4 40l
E15 Loader Caterpillar 966G 2004 | Caterpillaf 16 259 109 | 3883| 72| 1264
ATAAC
E19 Quarry Terex TR70 2005 Detroit 12V 2000 700 21.2| 1107 275  s543p
Truck Diesel

e Equipment Retrofit ID No.

4.1.2. EPA NONROAD Model Database

Emission factors were estimated using EPA’'s NONRQW@lel for equipment for which no in-
use emissions data was available. The NONROAD hextenates air pollution from more
than 80 types of compression ignition (Cl) and kpanition (SI) nonroad sources.
Furthermore, the NONROAD model provides a flexitolel that can be applied to a wide variety
of air quality modeling and planning functions. itgsinformation on construction vehicle
populations, annual activity/use, fuel type, andssion factors, the NONROAD model
estimates mass emissions of hydrocarbons (HChpgatr oxides (N&), sulfur dioxide (S©),
carbon monoxide (CO), carbon dioxides @@nd particulate matter (Rand PM ) for the
US, specific states and counties, for past anddutaars.

For HC, CO, and N@Q the exhaust emission factor for a given dieselggent type in a given

model year/age is calculated as follows:

EFadj(HC,CO,NOX) =ERsx TAFXDF

where,

(1)

EFRg= final emission factor used in model, after atipents to account for transient operation

and deterioration; g/hp-hr
zero-hour, steady-state emission factor; g/hp-hr
transient adjustment factor, unitless
deterioration factor, unitless

ERs =
TAF =
DF =

Since PM emissions are dependent on the sulfuenoof the fuel the engine is burning, the
equation used for PM is slightly modified from Etaa (1) as follows:

12



EFgpwmy = ERssX TAFXDF =S4 (2)

al

where,
Semadi= adjustment to PM emission factor to account miations in fuel sulfur content; g/hp-hr

PM and SQare the only diesel pollutants that are dependerael sulfur content. The
objective of the following sections is to explaioMhemission factors for retrofitted equipment
were estimated using EPA’'s NONROAD Model.

4.1.2.1. Zero-hour steady state emission factors

The U.S. EPA provides zero-mile, steady state esthand crankcase emission factors on a
grams per brake horsepower hour basis (g/hp-hndaroad engines which are mainly a
function of model year and horsepower categoryittettifies the technology type.[1] The
zero-mile emission factors are followed by adjusttegéwhere applicable) to account for
transient operation, deterioration, and variationsiel sulfur level. For example, emission
factors for a typical nonroad diesel engine horsggaange of 100 to 175 hp are shown below:

Engine Technology BSFC Emission Factors (g/bhp-hr)
Power (hp) Type (Ib/hp-hr)  HC CO NO PM
>100to 175 Tier 2 0.367 0.34 0.87 4.1 0.18

4.1.2.2. Transient adjustment factor

In order to develop NONROAD Model's emissions daty EPA primarily tested nonroad
engines with steady state test cycles. Howeverstibady state operation typically used for
emission testing is not always representative @fojperation of engines in many nonroad
applications. Some of the differences can be dangine load or speed, while other differences
can be due to transient demands. EPA has calduimtasient adjustment factors” (“TAFs”) to
be applied to the steady-state emission factoraqusly described. EPA has provided the
resulting TAFs assigned to each equipment appticdfi] The steady state emission factors
were multiplied by the appropriate TAFs to crea@NNROAD Model's emission factor input

files for Cl engines.

4.1.2.3. Sulfur adjustment for PM emissions

Since PM emissions are influenced by the sulfutearof the fuel, an adjustment(&d4) was
calculated and subtracted from the PM emissioroféotaccount for variations in fuel sulfur
content (see Equation (2))~,v&dcorrects PM emissions from the steady state defiaeiltsulfur
level to the episodic fuel sulfur level found ab@m. Swagwas calculated from the following
equation:

13



Shvagy = BSFCx 4536 % 7.0x soxcnvx 001x (soxbas- soxdd) 3

where:

Semadi= PM sulfur adjustment; g/hp-hr

BSFC = in-use adjusted brake-specific fuel consiomptb fuel/hp-hr
453.6 = conversion from Ib to grams

7.0 = grams PM sulfate/grams PM sulfur

soxcnv = grams PM sulfur/grams fuel sulfur consuméd02247 for diesel
0.01= conversion from percent to fraction

soxbas = default fuel sulfur weight percent = G@3diesel

soxdsl = episodic fuel sulfur weight percent attGno= 15 ppm (or mg/kg)

4.1.2.4. Load factor

Engine rated power is the maximum power level #magéngine is designed to produce at its rated
speed. Engines typically operate at a varietypekds and loads, and operation at rated power
for extended periods is rare. In order to take atdcount the effect of operation at idle and/or
partial load conditions, as well as transient openaload factors were developed by the EPA to
indicate the average proportion of rated power Ji8gdror instance, a load factor of 0.3
indicates that an engine rated at 200 hp will pcedan average of 60 hp over the course of
normal operation. The U.S. EPA provides load fector variety of nonroad construction
equipment applications.[2]

4.1.2.5. Deterioration factor

Emisstar considered the effect of engine detdrardy multiplying a zero hour emission factor
for each category of engine by a deteriorationdia(iDF), provided by EPA in the NONROAD
Model database.[1] DF varies as a function of eagige. The following equation is used to
calculate DF as a function of engine age:

DF=1+A x(AgeFacto)® for Age Factor< 1 (4)
DF=1+A for Age Factor > 1
where,

. L mulative hoursxloadf r
Age Factor = fraction of median life expendeg umulativehoursxloadfacto

medianlife atfull loadin hrs
A= constants for a given pollutant/technology ty[#€. can be varied to reflect differences in
maximum deterioration
b = for compression-ignition engines, b is alwagsad to 1

Deterioration is capped at the end of an enginedianm life (age factor =1), under the
assumption that an engine deteriorates to a pdietevany increased deterioration is offset by
maintenance. To calculate age factor for the @retpuipment, cumulative hours were

14



calculated from equipment annual activity (operatwurs) provided by the EPA.[2] For newer
equipment, 2005 and newer, cumulative hours weegd trem the annual operating hours
recorded in the field by URS Malcolm Pirnie.

4.2. Baseline vs. controlled mass emissions estimates

As explained previously, mass emissions are estinfair two cases in this study. In the first
case, mass emissions are estimated assuming nod&€irstalled on target nonroad
construction equipment. This case is referred th@sbaseline” emissions case. In the second
case, where ECTs are installed on the target equiprthe amount of mass emissions is referred
to as the “controlled” emissions case. A key psgoof this section is to demonstrate the
methodology used for mass emission estimates aspt the underlying assumptions made for
these estimates where applicable.

4.2.1. Develop equipment hours of operation database

To calculate “baseline” and “controlled” mass enaiss, equipment specific “hours of
operation” are multiplied by transient and real Man-use emission factors estimated for each
piece of targeted nonroad equipment, as explamé&®ction 4.1. A decision was made to
present results of this study as “baseline” andhtimdled” trends of mass emissions on a
monthly basis from 2005 to 2007. For this reaslom,average monthly hours of operation for a
given month and equipment were calculated from ahequipment hours of operation provided
by URS Malcolm Pirnie. Table 3 summarizes anngaigment operating hours used for this
study. Equipment monthly hours of operation welewated using the following equation with
the key assumption that equipment operating haarsiaiformly distributed across equipment
operating days.

MHO, = ADHO, x (Equipmentworkingdaysn month), 5)
where,
MHO = equipment monthly hours of operation; hr

ADHO = Average daily hours of operation; hr. Thagtor is calculated from Equation (6)
i = any given month from July 2005 to June 2007

ADHO = .Annualopergtlnghogrs
I (Equipmenbperatinglaysin year)
where,

(6)

j = 2005 (from July to December), 2006 (Januarléaember), 2007 (from January to June)
Annual operating hours = provided by Malcolm Pirrsee Table 3

Equipment operating days in a year = total equigroarsite days — (national holidays +
weekends + equipment off site days)

15



In order to calculate yearly equipment operatingsdé was assumed that none of the target
equipment was operated on national holidays andevels. Offsite equipment days were also
taken into account.

Table 3 -Croton Project Nonroad Equipment Annual Operatiogiitd

Equipment Equipment Information Clie Ar_mual

Retrofit ID Hours of Operation (hr)
No. Type Manufacturer Model '\4‘;‘;‘?' 2005 | 2006 | 20072
EO1 Compressor Ingersoll Rand IR 185 1999 210 60 0
E38 Compressor Ingersoll Rand P600OWIR 2005 0 500 220
E37 Compressor Ingersoll Rand IR 185 2006 0 540 75p
EO3 Dozer Komatsu D155-Ax-5B 2004 850 2000 900
EO4 Dozer Komatsu D275 Ax-5B 2005 1000 1800 850
EO7 Excavator Komatsu PC-750 2004 1050 2200 760
E25 Excavator Hitachi Z-Axis 800 2005 900 1600 680
E26 Excavator Hitachi Z AX1S-800 2005 280 1100 0
E28 Excavator Komatsu PC-200 2005 1050 2200 680
E13 Hydraulic Drill Sandvik Tamrock Pantera 1100 2002 1300 1800 440
E14 Hydraulic Drill Sandvik Tamrock Pantera 1100 2005 867 800 440
E23 Hydraulic Drill | Sandvik Tamrock |  scout 700-B 2005 500 1500 500
E24 Hydraulic Drill | Sandvik Tamrock Scout 700-B 2005 533 1500 400
E29 Hydraulic Drill Sandvik Tamrock Super CHA 70 2005 0 160 0
E30 Hydraulic Drill Sandvik Tamrock Super CHA 70 2005 0 1500 525
E31 Hydraulic Drill Sandvik Tamrock Super CHA 70 2005 0 1500 530
E32 Hydraulic Drill Sandvik Tamrock Super CHA 70 2003 0 1500 625
E39 Hydraulic Drill Sandvik Tamrock Super CHA 70 2005 0 1500 380
E22 Hydraulic Drill Furukawa HT-1500 2005 170 2000 240
E1l Line Drill Ingersoll Rand ECM-490 1997 560 70 0
E12 Line Drill Ingersoll Rand ECM-590 2004 560 70 0
E15 Loader Caterpillar 966G 2004 1008 2016 520
E18 Quarry Truck Terex TR70 2005 693 1560 640
E19 Quarry Truck Terex TR70 2005 693 1560 640
E20 Quarry Truck Terex TR70 2005 693 1560 640

Y Hours of operation from July®to December 312005
2 Hours of operation from January tb June 11 2007

4.2.2. Baseline mass emissions estimation

Monthly based equipment specific “baseline” masseions were estimated using Equations
(7) and (8), denoted below, depending on availghilf real world emission factors for a given
piece of equipment. Table 4 provides a list ofipopent for which real world in-use emission
factors were available from the Croton in-use eiosgesting program. As explained
previously, for identical equipment the same emissactors were used for the remaining
calculations.
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From EPA’'s NONROAD Model, “baseline” mass emissiarege estimated using the following
equation:

NBEE,,,, = EF, , xHP, xLF,xMHO,,, x 0.4536 (7)
where,

NBEE: m = baseline emission estimation for a given equiptm@onth, and pollutant using the
EPA NONROAD Model; kg/month

EFR.p= transient emission factor estimated from Eauneti(1) and /or (2) depending on the
pollutant; g/bhp-hr.

HP. = equipment horsepower; HP

LFe= equipment load factor, unitless; see SectiGr/.

MHO. m= equipment monthly hours of operation for a gieguipment and month; hrs/month

0.4536 = conversion from Ib to kilograms

Table 4 -Equipment for Which Real World In-Use Emission leastWere Calculated

Emisstar Equipment Information Emission Factors (In-use)

Retrofit
ID No. Type Model Year | PM(g/hr) | NOx(g/hr) | HC (g/hr) | CO (g/hr)
E38 Compressor 2005 10.6 316.4 16.0 37.7
EO03 Dozer 2004 40.3 866.7 104 612.7
EO04 Dozer 2005 40.3 866.7 10.4 612.7
EO7 Excavator 2004 35.0 1302.8 17.7 229.8
E25 Excavator 2005 35.0 1302.8 17.7 229.8
E26 Excavator 2005 35.0 1302.8 17.7 229.8
E29 Hydraulic Drill 2005 11.6 448.4 7.4 40.2
E30 Hydraulic Drill 2005 11.6 448.4 7.4 40.2
E31 Hydraulic Drill 2005 11.6 448.4 7.4 40.2
E32 Hydraulic Drill 2003 11.6 448.4 7.4 40.2
E39 Hydraulic Drill 2005 11.6 448.4 7.4 40.2
E15 Loader 2004 10.9 388.3 7.2 126.8
E18 Quarry Truck 2005 21.2 1107.0 27.5 543.2
E19 Quarry Truck 2005 21.2 1107.0 27.5 543.2
E20 Quarry Truck 2005 21.2 1107.0 27.5 543.2

From real world emission factors given in Tablendnthly based “baseline” emissions
estimations were performed using the following egua

IBEE,,,, = EF,, xMHO, , 8)

where:

IBEEemp= baseline emission estimation for a given eapaipt, month, and pollutant using in-
use emission data; kg/month
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EF.p,= emission factor estimated from Croton Projaeise emission testing program
depending on the pollutant; kg/hr
MHO. m= equipment monthly hours of operation for a gieguipment and month; hrs/month

To calculate the Croton target equipment “baselma’s emissions for a given month, the sum
of equipment specific mass emissions is calculited Equations (7) and (8). Equation (9)
represents this calculation:

TBEE,, =Y (NBEE,,,). + > (IBEE,,). 9)

where,

TBEE: = total baseline emission estimation for a givemth; kg/month
Z(NBEEmyp)e = total baseline emission estimation for equipmentvhich NONROAD Model

database was used for emission estimation; kg/month
Z(IBEEm,p)e = total baseline emission estimation for equiptenwhich in-use emissions

data was used for emission estimation; kg/month
4.2.3. Controlled mass emission estimation
To estimate “controlled” mass emissions, the follaykey factors were evaluated:

o ECT date of installation
o ECT removal efficiency
o Equipment on and off site operating time

Equipment specific “controlled” mass emissions weakeulated considering days of operation
with and without ECTs. For example, Table 5 préseata from May 2006 in which ECTs
were installed on some of the equipment. As altiesguipment operating days are split into
days with and without ECTs.

Mass emissions were estimated from Equation (1@revn-use emissions factors were not
available and from Equation (11) where in-use eimistactors were available (see Table 4).

e

CNEEe,m,p = EFe X HF:a X LFe X (MHOe,m,withoutECT — MHO ,M,WithECT X ERFe,p) X 04536 (10)

where:

CNEE. mp= controlled emission estimation for a givenipqent, month, and pollutant using
NONROAD Model; kg/month
EF. = transient emission factor estimated from Eaquneti(1) and /or (2) depending on the
pollutant; g/bhp-hr
HP. = equipment horsepower; HP
LFe= equipment load factor, unitless; see Sectiar4.
0.4536 = conversion from Ib to kilograms
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MHOe m without ect= €quipment monthly hours of operation for a gieguipment and month
without ECT installed; hrs/month
MHOe m with ect= €quipment monthly hours of operation for a gieguipment and month with
ECT installed; hrs/month

ERF.p= emission reduction factor (or ECT removal@éincy) for a given equipment and
pollutant. As previously explained, removal etiecy for each ECT was obtained
from Emisstar’s Croton in-use emission testing pprog Table 6 summarizes ECTs
and removal efficiencies for targeted equipment oltlitants.

Table 5— Operating Days for Targeted Equipment, May 2006

Emisstar Days of operation in May-06
Retrofit ID Type Manufacturer Without With

No. ECT ECT Total
EO1 Compressor dIngersoll Ran 0 0 0
E38 Compressor Ingersoll Rand 22 22
E37 Compressor Ingersoll Rand 20 22
EO3 Dozer Komatsu 0 22 22
EO4 Dozer Komatsu 0 22 22
EO7 Excavator Komatsu 0 22 22
E25 Excavator Hitachi 0 22 22
E26 Excavator Hitachi 0 22 22
E28 Excavator Komatsu 22 0 22
E13 Hydraulic Drill Sandvik Tamrock 0 22 22
E14 Hydraulic Drill Sandvik Tamrock 0 22 22
E23 Hydraulic Drill Sandvik Tamrock 22 0 22
E24 Hydraulic Drill Sandvik Tamrock 18 4 22
E29 Hydraulic Drill Sandvik Tamrock 8 14 22
E30 Hydraulic Drill Sandvik Tamrock 13 9 22
E31 Hydraulic Drill Sandvik Tamrock 12 10 22
E32 Hydraulic Drill Sandvik Tamrock 11 11 22
E39 Hydraulic Drill Sandvik Tamrock 0 0 0
E22 Hydraulic Drill Furukawa 0 22 22
El11 Line Drill Ingersoll Rand 0
E12 Line Drill Ingersoll Rand 0
E15 Loader Caterpillar 0 22 22
E18 Quarry Truck Terex 0 22 22
E19 Quarry Truck Terex 0 22 22
E20 Quarry Truck Terex 0 22 22

CIEEe,m,p = EFe X (MHOe,m,withoutECT + MHOe,m,with ECT X ERFep) (11)

where:
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CIEEe mp= controlled emission estimation for a given equgmt, month, and pollutant using in-

use emission data; kg/month

EF. = transient emission factor estimated from Equmtidl) and /or (2) depending on the
pollutant; kg/hr
MHOe m without ect= €quipment monthly hours of operation for a gieguipment and month

without ECT installed; hrs/month

MHOe m with ect= equipment monthly hours of operation for a gieguipment and month with

ECT Installed; hrs/month

ERFR = emission reduction factor ( or ECT removdicedncy) for a given equipment and
pollutant. As previously explained, removal e#iecy for each ECT was found from
Emisstar’'s Croton Project in-use emission testirmgyam. Table 6 lists the
equipment specific emission removal efficienciesarious ECTs used on the
targeted equipment, by pollutant.

Table 6 —Equipment Specific Emissions Removal EfficiencieEGTs
Emisstar Emission Control Technology (ECT) Information SETS NETIENE [E Ay
Retrofit ID Equipment Type . o

No. Type fg"cfﬂﬁe'r “,ﬂgﬂf; Model # '”StaD":;gO” PM! | NOx | HC | cO
EO1 Compressor DPF ECS Purifilte SC6 1/7/200 98 775 99
E38 Compressor SCRT+DPKF IMI SCRT NA 6/27/2006 97 5794 99
E37 Compressor DPF ECS Purifilte SC6 5/27/2046 )8 7 75 99
EO3 Dozer DPF ECS Purifilter SC20 3/10/200 o b P399
EO4 Dozer DPF ECS Purifilter DSC26 1/21/200 9B ¥y 5 7 99
EOQ7 Excavator DPF ECS Purifilter] SC20 3/3/2004 99 2 1 79 98
E25 Excavator DPF ECS Purifilter| DSC34 1/15/200p 98 7 75 99
E26 Excavator DPF ECS Purifilter] DSC34 1/14/200p 98 7 75 99
E28 Excavator DPF ECS Purifilter| SC17 12/17/2006 9 5 52 99
E13 Hydraulic Drill DPF ECS Purifilter SC20 3/2608%) 97 0 93 99
E14 Hydraulic Drill DPF ECS Purifilter SC20 3/25() 97 0 93 99
E23 Hydraulic Drill DPF ECS Purifilter SC17 5/31( 99 0 52 99
E24 Hydraulic Drill DPF ECS Purifilter SC17 5/23(2® 929 0 52 99
E29 Hydraulic Drill DPF ECS Purifilter SC17 5/100® 929 0 52 99
E30 Hydraulic Drill DPF ECS Purifilter SC17 5/170%) 99 0 52 99
E31 Hydraulic Drill DPF ECS Purifilter SC17 5/16(20 929 0 52 99
E32 Hydraulic Drill DPF ECS Purifilter SC17 5/150% 929 0 52 99
E39 Hydraulic Drill DPF ECS Purifilter SC17 8/26® 929 0 52 99
E22 Hydraulic Drill DPF ECS Purifilter DSC34 4/8/20 98 7 75 99
E1l Line Drill DPF ECS Purifilter SC17 1/10/2004 99 5 52 99
E12 Line Drill DPF ECS Purifilter SC17 1/7/2006 99 5 52 99
E15 Loader DPF CAT JMI CRT None 9/5/2005 9 a 52 D9
E18 Quarry Truck ADPF RYPOS| ADPF/C RH707 3/11/2006 65/8b 0 31 3p
E19 Quarry Truck ADPF RYPOS ADPF/C RH709 3/12/200p 65/85 0 31 34
E20 Quarry Truck ADPF RYPOS ADPF/C RH709 3/18/2006 65/85 0 31 34

*PM removal factor (reduction percent) for Terexay Trucks is 65% before re-installation of theefis and 85% for
remaining time on site
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The Croton targeted equipment “controlled” massssiains for a given month was estimated by
summing equipment specific mass emissions calalfaven Equations (10) and (11). Equation
(12) represents this calculation:

TCEE, =) (CNEE,,). + Y (CIEE,,).

where,

TCEE, = total controlled emission estimation for a giveanth; kg/month
Z(NCEEm,p)e = total controlled emission estimation for equiptrien which NONROAD

Model database was used for emission estimatiomdagth
Z(ICEEm,p)e = total controlled emission estimation for equenhfor which in-use emissions

data was used for emission estimation; kg/month
5. Results

Results of this analysis are presented and disdusghis section. Over the course of the Croton
project, cumulate mass emission reductions ofnteffic tons of PM were achieved, while NOx
was reduced by 1.2 tons, HC by 0.4 tons, and C®@.byons, respectively.

Figures 3 through 5 provide a graphical illustmatod the monthly trend of site-wide emissions
of PM, NQ,, HC, and CO from diesel nonroad equipment, aloitly gumulative hours of
operation from July 2005 to June 2007. Cumuldtbaseline” and “controlled” mass emissions
are shown in kilograms per month. As expecte@, “tlaseline” mass emissions trend follows
the hours of operation trend for all pollutantslonthly hours of operation peaks in February
and August of 2006 and declines thereafter thralugte of 2007.

For PM emissions, significant reductions start ecBmber 2006 and continue to the end of the
project period, coinciding with the start of futade BAT implementation. On average, the gap
between “baseline” and “controlled” mass emissrends does not change from January to June
2007 because the majority of equipment had alrbaéy retrofitted with ECTs. The average

PM removal efficiency of 97% for all equipment riéssun a significant reduction in PM

emissions for this project.
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Figure 3. Cumulative Particulate Matter (PM) Mass Emissioesl&ctions Over the Croton
Project Period, Monthly from 2005 to 2007

For NQ, emissions, we did not anticipate any significaf,Meductions because of the
application of primarily PM reduction only ECTs,ttvithe exception of the Ingersoll Rand
IR600 Compressor which was equipped with SCR inteaadto a DPF. Figure 4 shows the
trend in “baseline” versus “controlled” N@missions which confirmed our hypothesis. As
shown, “baseline”, “controlled”, and “hours of opgon” trends follow each other closely since

there is only a slight reduction in NOver the course of the project.
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Figure 4. Cumulative Nitrogen Oxides (NPMass Emissions Reductions Over the Croton
Project Period, Monthly from 2005 to 2007

HC and CO emissions follow similar trends in bataseline” and “controlled” emissions;
however, there is a significantly higher reducitioi€O emissions due to the overall CO removal
efficiency of the ECT types implemented. In bo#ises, emission reductions trend significantly
downward starting in March of 2006.
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Figure 5. Cumulative Hydrocarbons (HC) Mass Emissions ReduastOver the Croton Project
Period, Monthly from 2005 to 2007
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Figure 6. Cumulative Carbon Monoxide (CO) Mass Emissions R&dns Over the Croton
Project Period, Monthly from 2005 to 2007

6. Conclusions

Based upon the analysis performed in this reponisktar is able to make the following
conclusions:

» This project successfully demonstrated the comtrdiesel exhaust emissions on a macro

scale;
« Cumulative mass emission reductions of 0.7 torBMfwere achieved, while NOx was
reduced by 1.2 tons, HC by 0.4 tons, and CO byoh§, respectively;
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* Most importantly, the resultant data and analysiwiples quantitative support for the
continued application of BAT as an effective apploto aggressive reduction in PM,
HC, CO and NQ where applicable.

From a diesel emission reduction perspective,dbedata validates LL77 as an effective
regulation that protects public health and improsegjuality. Additionally, the techniques,
methodologies and approaches demonstrated at Cste#tod to serve as a paradigm for
additional projects and testing of this type in fileire.
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