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EXECUTIVE SUMMARY

As part of the Midwest Regional Planning Organization (MRPO), the Lake Michigan Air
Directors Consortium (LADCO) is working with its member states in the upper Midwest to
develop the necessary technical support for new State Implementation Plans (SIPs) for regional
haze, PM2.5, and 8-hour ozone. In June 2006, ENVIRON was retained by LADCO to evaluate
candidate emission control measures for mobile sources to support the development of these
SIPs for the LADCO States. In February 2006, ENVIRON completed a Phase I study for
LADCO entitled “Evaluation of Candidate Mobile Source Control Measures™, focusing on
reducing NOx emissions from mobile sources in LADCO states in 2009,

The objectives of this Phase II study are to identify and assess candidate control measures to
address emissions of volaiile organic compounds (VOC) and fine particles (PM; 5} from mobile
sources in the LADCO states in 2009 and 2012, and emissions of nitrogen oxides (NOx) from
mobile sources in the LADCO states in 2012. ' | -

For the purposes of this study, emission impacts were calculated using a combination of
emission inventory data supplied by LADCO and the 2002 National Emissions Inventory (NEI).
Specifically, the 2009 and 2012 onroad emission inventories for the LADCO states were
developed based on NEI 2002, Base K, and NMIM projected emissions. The 2009 and 2012
NONROAD emission inventories were based on emissions provided by LADCO, which were
based on EPA NONROAD2004 model runs. The 2009 and 2012 locomotive and commercial
marine vessel emissions inventories were based on annual BaseK emissions provided by
LADCO. These emissions inventories are presented in Section 2 of the report.

As discussed 1n Section 2, heavy heavy-duty diesel vehicles {class § HDDVs) are the highest
NOx and PM emission emitters, contributing more than 35% and 30% of the onroad NOx and
PM emissions, respectively, in both 2009 and 2012. As for the NONROAD equipment, more
than 75% of the NOx emissions and 55% of the PM emissions are contributed by the diesel
equipment in both 2009 and 2012. Construction equipment accounts for more than 30% and
20%, and agricultural equipment accounts for about 30% and'25% of NOx and PM emissions,
respectively, in both 2009 and 2012. As for locomotive emissions, line haul locomotives
account for more than 70% and 75%, of NOx and PM emissions, respectively in both 2009 and
2012. For the commercial marine vessels, deep draft vessels are the largest contributors emitting
more than 45% and 75% of NOx and PM emissions, respectively, in both 2009 and 2012.

For the Phase II Study, ENVIRON reviewed and updated the master list of control measures for
mobile sources developed during the Phase I Study, and presented and discussed the updated
master control measure list with the LADCO states. Similar to the Phase I Study, the objective
of the qualitative screening analysis was to refine and reduce the master list to a shorter list for
further technical and economic analyses, as well as for developing white papers on selected
control measures for mobile sources.

As discussed in Section 3, general screening criteria included emission impacts in terms of
potential emission reduction, emission benefit relative to mobile source category, technical and

T «zyaluation of Candidate Mobile Source Control Measures,” Final Report to the Lake Michigan Air Directors
Consortium, prepared by ENVIRON international Corp., Novato, CA, February 20086.

VALADCQ controls\Phase 11-2009_201 N\Reportl, ADCO I Firal_03-21-0TLADCO 1-Exe-Sum.doc ES - 1
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implementation feasibility, SIP creditable (permanent, quantifiable, surplus, enforceable), cost
effectiveness, and public acceptability, with primary focus on reducing PM and NOx emissions.

To the extent that data and/or information were available, ENVIRON estimated preliminary
potential emission benefits in 2009 and 2012 for the control strategies based on their control
effectiveness or efficiency, and potential emission impacts based on the emission benefits and
estimated ranges of penetration rates. From an analysis of these results and discussions with
LADCO States, five control measures were selected for further technical and economic analyses
and white paper development. These major selected control measures were:

« Fleet Modernization

« Anti-Idling Restrictions

» Accelerated Chip Reflashing for onroad HDDVs

+ Aftertreatment Device Retrofits

¢ Light-Duty Smoking Vehicle Identification and Emissions Reduction

In Section 4 of this report, ENVIRON presents the results of the technical and economic analyses
that provide refined emission reduction benefit and impact estimates for these selected control
measures. For each selected control measure, ENVIRON developed a White Paper that includes
a technical descriptions of the control measure; estimates of emission reductions, costs, and cost-
effectiveness; and issues related to implementation.

In addition to performing the technical and economic assessments of these selected control
measures, ENVIRON also developed several emission reduction scenarios to estimate potential
emission reductions and associated costs using the results from the detailed technical and
economic assessments of the selected control measures. There are a variety of possible emission
reduction measures that can be implemented in the LADCO states to reduce NOx and PM
emissions from mobile sources. These scenarios were evaluated for calendar years 2009 and

2012~ These-emission-reduction-scenarios-provide-a-general-idea-of potential-emission
reductions from target sources, as well as available measures to cost effectively reduce these
available or excess emissions and associated costs to achieve the potential emission reductions.

The emissions reduction scenario analysis is presented in Section 5, and demonstrates a few of
many potential emission reduction scenarios for reducing NOx, PM and VOC emissions from
on-road diesel vehicles and nonroad diesel equipment, focusing on the on-road HDDVs, and
diesel construction and agricultural equipment as they are the primary sources of NOx and PM
emissions in the mobile source emission inventories in the LADCO states. However, the
Smoking Vehicles measure focuses on reducing PM emissions from high-emitting smoking
light-duty gasoline vehicles, and the Anti-Idling measure also includes the estimation of the
potential emission reductions from locomotives. The measures included in these scenarios have
a range of costs, potential NOy and PM emission reductions, and cost effectiveness.

To develop these emission reduction scenarios, ENVIRON identified major emission
contributors based on emission inventories; generated or estimated vehicle or equipment
population data; identified and selected control measures for target sources; applied potential
emission reductions and associated cost estimates on a per vehicle or equipment basis, and cost-
effectiveness values for selected measures; developed criteria for penetration or compliance rates
based on cost effectiveness values and vehicle or equipment availability (tfurnover rates); and

VALADCO controlsPhase T1-2009_2012ReporfLADCO 1T Final_03-21-07LADCO I-Exe-Sum.doc ' : ES.2
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estimated potential total emission reductions and measure costs for selected measures and
combinations of selected measures.

Tables ES-1 and ES-2 show example emission reduction scenarios for on-road diesel vehicles in
the LADCO states in 2009 and 2012. These emission reduction scenarios focus on Class 8
HDDVs (the largest truck class), as they contribute to approximately 38% of NOx and 28% of
PM emissions in the 2009 on-road emission inventories in every LLADCO state, and
approximately 38% of NOx and 22% of PM emissions in the 2012 on-road LADCO emissions
inventories. Based on projected 2009 VMT and average annual VMT, it was estimated that there
will be nearly 400,000 Class 8 HDDVs operating in the LADCO states in 2009. Based on
projected 2012 VMT and average annual VMT, it was estimated that there will be more than
415,000 Class 8 HDDVs operating in the LADCO states in 2012.

Table ES-1. Summary results of an example emission reduction scenario to reduce NOx, VOC
and PM emissions from on-road diesel vehicles in the LADCO states in 2009,

)
M e 31! Flest Mod {incentive/Vol ¥ Program)
Biesei Engine/Vehicle Upgrades (MY 1998 Engine 6 g NOx)
MY 1989 and
Eariier 526134 | 018 | 0000 1 0.001 $35.000 | 60,761 . 50 600 | 0.00 0.00
Sub Total . . son | .00 0.60
Bieset Engine/Viehicle Upgrades (MY 2001/2 Engine 4 g NOx)
WY 1986 and _
Earlor §6.783 | 026 | 002 | 080 $40,000 | 60,761 1523 §72,912.642 .31 | 0.0 0.0z
MY 1930 s8551 | psz | oosl 000 540,000 | 8641 259 $10,368,746 008 | 002 0.00
MY 1991 - 1997 o552 | 008 | 001 ] 000 $40,000 | 70,541 . $0 0.£0 | 0.00 0.00
Sub Total
2,082 83,281,368 140 | opt 0.02
Dieset Engina/Vehicle Upgrades (MY 20024 Engine 2.4 g NOx)
MY 1988 and
Earijor g8.657 | o032 | o002 | oo3 $45,000 | 60,751 1,823 $82,026,722 150 | 010 0,16
My 1990 58015 | ogo | oo | oo $45,000 | 8,641 259 $11,664,638 e14 | 002 0.03
MY 1901 - 1987 $14560 1 02z | om 0.07 845,000 | 79,541 - 86 0.00 | 000 0.00
MY 1988 - 2003 s17472 L 022 | o000 | et $45,000 | 65,258 - 50 590 | 000 0.00
Sub Total
2,082 93,691,561 1 173 011 | o9
Diese! Engine/Vehicle Upgrades {MY 2007 Engine 0.2 g NOx)
MY 1958 - 2001 se.611 | o088 | oo | ode $60,000 85258 | 1.958 117,465,107 | 2.86 007 | 087
MY 2602 - 2008 seser | oas | ooe | oos 560,000 110395 | 3312 198,710,622 | 446 018 | 073
Sub Total -
5,270 316,175,729 732 | 025 1.60
Measure 46; Afterireatment Bevice Retrofits (incentive/Voluntary Program)
Measure 46a; DPF
MY 1985 and
Earler $2,954 000 | oz | o0ge $8,000 60,761 3,096 $27,342,241 0.00 | 0.6 0.33
WY 1555
$2,069 000 | 003 | 008 $9.000 8,641 432 $3,888,280 000 1 603 0.07
WY 851557
$3,524 000 | 001 | 009 $9,000 79,541 3577 $35,793.479 000 1 o014 0.95
TV 958 = 5357
$3.026 000 | oo1 | 015 $9,000 65.258 3,263 $29,366,277 008 i 0.1 131
MY 2002 -~ 2006
$2,601 000 | 00z | oos £8,000 110305 | 5520 $49,677,656 0.00 | 020 1.35
Sub Total
16,230 $146,067,931 0,00 0.7z 491
Measure 46b: Cleaire LNC & DPF
Tv 1965 ard
Earier ss536 | o0 | o002 o004l § 20000 | e076t 2,430 $48,608,428 0s7 | o012 024
MY 1990
54,281 008 | o003 ] o005 s 20000 | as4y 248 $6,912.497 0.08 | 003 .05
Tv 1657 ~ 1897
$6.645 | 01| o001l o008 i 8 20000 | v9.54% 3,182 563,632,851 092 | 041 070
MY 1958 - 2007
. $5.816 | 01431 0011 0131 3 20000 | 65258 2610 52,206,744 1,00 | 008 095

VALADCO contols\Phase 11-2009_2012\ReportL ADCO I Final_03-21-0NLADCG I1-Exe-Sum.doc ES" 3
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MY 2002 .- 2008
$5,487 8.13 0.02 Q.08 20800 110,388 4,416 $88.315,832 1.62 .23 .89
Sub Total : :
12,984 288,676,323 4.29 0.58 2.92
Measure 46¢: EGR + DPF Retrofit
MY 1989 and
Earligr 35,548 2.16 0482 0.04 $ 23,000 68,761 2430 $65,898.602 1.07 0.13 0.24
MY 4930
$4.445 $.13 0.03 .06 $ 23,000 8,641 345 $7.948.372 Q.12 £.03 0.5
MY 1981 - 1087 :
$6.281 $17 0,01 .08 $ 23,000 79.541 3,182 $73,177.779 1.47 £.11 0.70
MY 1988 - 2001
$5.182 .22 0.01 {413 $ 23,000 65,258 2,610 60,037 721 1.61 0.08 0.95
MY 2082 — 2006
$4.710 £.21 0.02 £.08 § 23,000 110,395 4,418 $1061,563,207 2.89 0.23 (.99
Sub Total
42,984 288,627,771 687 0.58 2.92
Measure 46d: SCR Retrofit
MY 1989 and
Eartiar $12,002 .32 .00 0.00 $ 26,500 60,761 1,215 $32,203,084 1.67 0.00 0.00
MY 1990
$15.139 .26 0.00 0.00 $ 26,500 8,641 - $0 .00 0.00 0.00
MY 1961 — 1987
$11,810 £.34 0.00 0.00 $ 26,500 79,641 1,581 $42,156, 764 1.47 0.00 0.08
MY 1998 — 2001 .
$9,224 0.48 0.00 0,60 3 28500 65,258 1,558 $51.880,422 2.41 0.00 0.08
MY 2002 - 2006 :
$10,173 .43 0.00 0.50 $ 28,500 110,385 2,208 $68,608,238 2.59 0.00 0.0C
Sub Total
5,972 184,748,508 7.55 .60 0.00
Measure 46e: DOC Retrofi}
MY 1989 and
Earlier $1,314 000 0.04 0.63 $2,800 60,781 | 3,638 $6.,076,053 0.00 | 0,08 0.24
MY 1980
3020 0.00 0.0 0.04 $2,006 8,641 | 432 $864,062 0.00 | 0.02 4.05
MY 1991 - 1997
$1.431% 0.00 8.01 0.06 $2.000 79.541 3977 37,854,106 0.00 | 0.08 £.80
MY 1598 - 2001 ' B 1
$1,158 0.00 0.01 g.11 $2,000 66,256 | 3.263 36,525,839 0.06 | 0.08 0.85
MY 2002 - 2606
‘$1,093 0.00 £.01 0.06 $2,000 110,395 | 5,520 £11,038.478 8.06 | 414 (.98
Sub Total -
16,230 32,459,540 0.0% 0.34 2490
[ 46f: FTF Retrofit
MY 1889 and
Earfiar 34,650 0.06 0.01 0.04 $9.000 60,761 2,430 $21,873,783 ¢o0 | 008 0.26
MY 1690
$3,267 0.00 0.02 0.08 $9,000 §.641 | 432 $5,888,280 co0 | 002 0.07
MY 1991 ~ 1987
e $4,945 0.00 0.01 4.08 $9,080 70,841 § 3,182 $28,634,783 000 | 086 0.77
MY 1998 - 2001
$3,844 0.00 0.01 415 $9,080 65,258 & 3263 $28,386,277 050 | 0.06 1.31
MY 2002 - 2006
£3,869 2.00 0.01 £.09 $9,000 140,395 § 5,520 $49,677,658 0.80 § 0.17 1.36
Sub Total
14,827 133,440,788 0.00 0.39 3.78
Measure 46g; DOC + SCR Retrofit
MY 1989 and
Earfier $8,517 0.32 0.01 0.03 $27.500 60,761 1,823 $50,127 441 161 | 0.03 0.14
MY 1980
58.511 8.26 0.01 0.04 $27.500 8,641 | 250 57,128,513 .18 1.0.01 0.03
MY 1801 .. 1987 .
$8.404 0.24 0.00 006 $27.800 79,541 2,388 $65,621,378 221 0.02 0.41
MY 1988 — 2001 j
56,571 0.45 0.604 0.10 $27.500 65,268 | 2610 $71.784,232 3.21 0.03 0.75
MY 2002 — 2006 '
37,245 043 0.008 0.06 $27,500 116,385 | 3312 $81,075,702 3.89 | 0.05 .58
Sub Totat .
140,390 285,737,266 1.1 013" 1.92
Maasure 46h: SCR + DPF Redrofit
MY 1989 and !
Earlier 35,812 0.32 0.02 0.05 $30,000 60,761 | 2430 $72,912,642 218 | 013 0.24
MY 1980
$5.060 0.26 4.03 .05 $30,000 8641 348 $10,368,746 .24 | 503 0.05
MY 1591 -- 1897
46,505 0.34 &0 0.08 $30,000 ‘78,541 3,182 $95,448.277 295 | 0.1 0.68
MY 1398 . 2001 :
$5 427 0.45 .01 0.13 330,060 65,258 | 2,810 $78,310,071 324 009 0.95
MY 2G02 - 2008
$5,335 0.43 082 0.08 $30,000 110,395 | 4.416 $132.473,748 519 | 023 0,98
Sub Total
12,984 389,514,484 13.74 0.58 291
Overalt Projects
MY 1989 and
Earfier 60,761 22481 468,982,738 C.48 0.81 1.85
MY 1980
8,641 3111 63,033,334 | 085 0.19 0.39
MY 1981 - 1997 412,420,418
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MY 1888 — 2001
65,258 24,146 426,842 650 14.31 0.57 8.03
MY 2002 .. 2006
110,395 38,638 781,843,140 § 20.35 1.51 7.65
MY 2007+
69,954 0 o & V] 0
Total
394,548 113,034 2,223,422,288 54.03 3.80 23.14
Measure 461 Midwest Clean Diesel initiative
AR Diesel 31,402 MA | Na | wia NiA NIA NiA '

Sources . 4 $987,119,158 9.18 1.66 1.29
Sub Total . $97,118,156 9.18 1.56 1.29
Measure 33/34/35/37: Anti-idling Restriction on Onroad HDDVs

All MY Heavy
HDDVs $1,700 0.02 {.000 0.001 $7,500 304,540 50,182 $443 867,544 3.84 .06 0.i8
Sub Total

394,849 59,182 $443,867,544 3.84 (X 18

Measure 42: Accelerate Low NOx Calibration/Reflash Program (Mandatory Phase-in}
MY 1893-1988
Med-HDDVs 337 0.04 .00 999 $100 83.577 50,146 £5,014,633 528 0.00 0.00
MY 1893-1998
Heavy-HDDVsS 5110 0.13 .00 300 $i00 75,162 60,129 $6,012,926 21.33 0.00 0.00
Sub Total
110,276 11027358 26,63 - -

Grand Total

394,549 282,491 $2,778,436,547 | 3.7 54 24.6

As shown in Table ES-1, the 2009 emission reduction scenario for heavy HDDVs could achieve
approximately 54 tons per day (tpd) of NOx emissions reduction, 3.8 tpd of PM emissions
reduction, and approximately 23 tpd of ROG emissions reduction for selected
incentive/voluntary measures (including fleet modernization and aftertreatment device retrofits)
for a cost of about $2.2 billion with an average cost-effectiveness value of $7,100 per combined
ton of NOx, 20xPM, and ROG emissions reduced. The total number of vehicles involved under
this scenario for voluntary/incentive programs is about 113,000, which is about 34% of the total
available fleet in 2009, Assuming that these control measures would begin in 2007, the 34%
vehicle penetration rate would translate to about 11% turnover rate per year in a three-year time
frame, which is a viable penetration rate to achieve.

Table ES-2. Summary resuits of an example emission reduction scenario io reduce NOx, VOC
ankd_ PM gmigsions frorn on-road _diesel vehicles in the LADCO states in 2012

;cj

Measure 31: Fieet Modemization {Incentive/Voluntary Program)

Diesel Engine/Vohicle Upgrades (MY 1990 Engine § g NOx)

MY 1988 and

Eatler sz8780 | o046 | o000 | o001 $35,000 40446 | - 50 000 | 008 £.00
Sub Totat _ . . 000 | 000 0.00
Digsel Engine/Vehicle Upgrades (MY 2081/2 Engine 4 g NOx)
MY 1589 and
Eartier $9661 | o024 | ooz | oo $40,000 40446 | 2427 597,074,049 159 | o2 0.02
MY 1980 sr140: | oo | ooz | oso $40,000 7495 1 300 $11.991.524 0.07 | 002 .00
MY 1991 - 1097 sa4934 | o007 | ooel ogo $40.000 so085 |- 50 000 | 000 .00
Suhb Total .
2,727 108,062,573 166 | 0.3 0,02
Diesel EnginefVehicle Upgrades (MY 2002/4 Engine 2.4 g NOx)
WY T8ES and
Earlier s9.522 1 020 | 002} 008 $45,000 40446 | 2457 $169,204,930 193 | o012 0.19
MY 1890 $10,687 015 | 0.2 0.03 §45,000 7ags | aop $13,490,454 042 | 002 0.03
MY 129t - 1847 $199% | o046 | 000 | 008 $45.000 egoss | - %0 000 | oo 0.00
MY 1996 - 2001 $2402¢ : o016 | 000 | 608 45,000 ses0_| - $0 o0 | go0 009
Sub Total 122,685,395
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| | 3727 205 8.13 0,22
Dissel Engine/Vehicle Upgrades (MY 2007 Engine 0.2 g NOx)
My 1595 . 2001 sti8a1 | oae | oot | oa2 $60,000 56,650 | 2,266 185,956,762 | 241 008 | 074
My 2002 - 2008 $147%0 | oas | o001 | oos 560,000 95,840 | 3,834 230,016,182 | 376 046 | £.61
Sub Total
6,108 365,875,944 6.17 0.21 1.35
Measure 46; Aftertreatment Device Retrofits (IncentiveVoluntary Prograrm)
Moasure 46a: DPF
MY 1989 and
Earlier $3,250 0.00 .02 0.04 $9,00¢ 40,446 4,046 $36,401,643 .08 .19 0.39
MY 1990
$2 759 Q.00 .02 .04 $8,000 7,495 149 $6,745,232 0.00 0.04 0.08
MY 1991 - 1887
$4,835 0.00 4.1 0.08 $9,000 69,085 8.5827 $49,741,378 0.00 .14 0.97
MY 1998 - 2001
54,161 0.00 &.01 0.11 $9,000 55,650 4,532 $40.787.828 0.00 0.1 1.32
MY 2002 — 2006
$3,570 0.00 .01 0.07 39,000 95,840 G584 $86,256,068 0.00 (.36 1.71
Sub Total
24,437 $218,932.249 .00 0.85 448
Measure 46b: Cleaire LNC + DPF
MY 1989 and .
Eartier $6,074 0.09 002 0.03 $ 20,000 40,448 3,236 $64.714,033 0.81 0.15 £.28
MY 1890 .
$6,660 0.08 0.02 0.04 & 20000 7,495 600 $11,991,624 0.0 0.03 0086
MY 1991 - 1997
38,833 0.08 0.1 0.08 $ 20000 69,085 4,145 $82.902,294 0.88 0.10 057
MY 1988 ~ 20014 .
$7,766 0.18 041 0.10 $ 20,000 56,650 3,398 . $67,979.881 0.95 0.08 0.80
MY 2002 - 2006
37,267 0.1¢ 0.01 .06 3 20,000 95,840 5,750 : $115.£08,091 1.54 0.22 0.04
Sub Total
17,130 342,595,822 4.28 .59 2.86
Measure 46¢ EGR + DPF Refrofit :
MY 1989 and
Earlier $6,102 9,18 .02 8.03 $ 23000 403,446 3,238 374,421,138 1.3¢ 415 0.29
MY 1990 : -
$5.885 &40 0,02 0.04 $ 23,000 7,495 806 $13,790,252 0.16 .05 0.08
MY 1991 - 1687 .
38,593 g.12 0.04 0.08 $ 23000 89,085 4,148 $95,337,638 1.40 0.10 0.67
KEY 1998 « 20601 )
37,136 0.16 0.01 .10 $ 23000 58,650 3,398 $78,176,863 1.52 0.08 2.90
MY 2002 - 2006 -
36,461 0.18 4.01 (.08 $ 23000 85,840 7867 $176.345,740 3.28 0.29 1.25
Sub Total
18,047 438,071,630 767 .66 347
Measure 46d: SCR Retrofit -
MY 1488 and
Eartiar $13,197 0.29 0.c0 0.00 $ 26,500 40,446 1,618 542,873,047 1.0 0.00 0.50
MY 1890
$20,057 .19 0.00 0.00 $ 26500 7,495 - $0 0.00 .00 0.00
MY 1991 - 18897 . )
$15.979 0.25 040 4.00 $ 26,500 "~ 89,085 - $0 0.00 0.00 0.00
MY 1998 - 2001 ‘ ]
$12.445 0.33 0.00 4,00 $ 26500 58,660 2,286 $60.048,895 2.03 0.00 .00
MY 2002 - 2006 ) B .
$13.569 0.31 0.00 0.00 $ 26,500 95,840 3,834 $101,590.480 3.28 400 0.00
Sub Tota! )
.07 204 512,422 .61 .00 0.60
Measure 46e: POC Refrofit .
MY 1089 and . R .
Earlier $1,445 0.00 0.01 0.03 $2,000 40,446 § 4,048 $8,088,254 £00 | 048 0.29
MY 1990
31,227 0.00 0.01 0.03 $2.000 7,495 | 749 $1,488,940 .00 | 0.82 0.06
MY 1991 - 1957 .
51,868 0.00 0.00 .05 $2.000 69,085 | 6808 $13,817,049 080 [ 0.08 0.88
MY 1998 - 2001 :
) 31,590 0.00 £.00 0.08 $2.000 56,650 | 5,865 $14,329,980 040 | 008 1.20
MY 2002 - 2006 "
$1.500 0.00 0.01 0.05 32,608 95840 | 9,884 $16,168,015 0.00 : 017 1.24
Sub Total
26,952 53,903,239 8.0 043 3.66
M 48f: FTF Retrofit
MY 1989 and
Earlier 35,116 0.0 0.61 .04 $9,000 40,446 | 3,236 $29,121,315 0.00 | 0.08 0.32
MY 1930
$4,343 .08 0.01 £.04 $9,000 7495 | 600 $5,396.188 000 | .02 0.07
MY 1881 . 1097 ] :
$6,767 4.00 .01 - 008 $9.000 60085 | 5,527 $49,741.376 Q00 | 008 0.97
MY 1988 -~ 2001 _ ™
‘ $5.418 £.00 0.01 0.41 $3.000 568580 | 4,532 $40,787.,528 G.00 | 008 1.32
MY 2002 - 2006
' $5,228 0.00 0.01 047 $6,000 96,840 § 7667 ) $64,004,865 4.00 | 047 1.37
Sub Total
21,561 194,051,668 0.00 043 4.04
Measure 48g: DOC + SCR Retrofit
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MY 1989 and
Earliar $9,385 0.28 0.01 0.03 $27.500 40445 | 2427 $66,736,346 195 | 003 0.17
MY 1980
) 311,411 .18 0.81 0.02 $27,500 7495 | 300 $8,244,173 G616 | 040 0,02
MY 1991 - 1997
311,375 0.25 0.80 0.05 $27,500 60,085 | 2763 $75,993 768 1.87 | 042 0.35
MY 4988 ~ 2001
§8,871 0.33 £.003 0.08 $27,500 568,660 3,389 $93,472 336 304 | 002 0.71
MY 2002 « 2006 .
$9,672 $.31 4.004 0.06 $27,560 95,840 | 5,750 $158,136,125 4.92 | 008 0.74
Sub Total
14,639 402,582,749 11.85 0.15 1.89
Measure 46h: SCR + DPF Retrofit
MY 1989 and
Earllor $6,391 Q.29 .42 0,03 $30,000 40,445 | 3,236 $97,071,048 260 | 015 0.29
MY 1980
$6,708 0.18 0.02 0.04 $30.000 7,495 | 800 §17,087 288 032 | 003 0.08
MY 1891 - 1997
$8.812 .28 081 0.08 $30,000 BG,085 | 4,145 $124,363,446 281 0,10 0.66
MY 1988 - 2001
$7,336 £.33 001 0.10 $30,000 56,550 | 3,389 $101,9690,821 304 | 008 0.80
MY 20062 ~ 2006
$7,138 0,31, 0,01 0,08 £30,000 95,840 | 5780 $172,512,137 492 | 0.22 0,93
Sub Total ; ;
17,130 §13,843,733 13.6% 0.59 2.84
Overall Projects
MY 1989 and
Farlier 40,446 29,830 625,703,805 11.48 1.41 2.24
MY 1980
. 7,485 4,787 91,135,580 0.83 0.22 0.46
MY 1881 1987
) 69,085 33,161 491,886,942 | 696 084 5.17
MY 1988 - 2001
55,650 32,857 630,513,384 13.00 0.56 7.98
MY 2002 - 2006
95,840 59421 1,128,037 683 21.71 1.85 8.78
MY 2007+ 149,182 [ ) 1) 9
Totat
418,698 160,166 2,967,277,415 | 54.07 4,17 24,62
Measure 461: Midwest Clean Diesel Initiative
AR Diesel $1,492 WA | ma ] A NIA NiA NA
Sources ' $104,238,312 1836 312 2.58
Sub Total
$194,238.312 18.36 3.12 2.58
M 33/34/35/37: Anti-tdling Restriction on Onroad HDDVs
A RAY Heavy
HDDVs $1,760 | 0.02 £.0002 | 0.001 $7.500 418,628 125,610 $942.071.518 8.07 o408 033
Sub Total
418,688 125,610 $842,071.519 6.87 0.08 0.33
Measure 42: Accelerate Low NOx Calibration/Reflash Program {(Mandatory Phase-in}
MY 19531998
Med-HRDYs $371 .04 4.00 .00 $100 72,630 | 43578 $4,357,81% : 4.58 0.00
MY 19831998
Hleavy-HEDVs 110 0.13 2.00 .00 si00 65,317 | 52,254, $5,225,357 18.54 0.00
Bub Total
95,832 9,383,176 23
Grand Total 418,698 | 285775 $4,103,587,246 | 1016 74| 275

For the 2012 emission reduction scenario for onroad HDDV vehicles, Table ES-2 shows that the
emission reductions achievable could be approximately 54 tpd for NOx emissions, 4.2 tpd of PM
emissions, and 24.6 tpd for ROG emissions from these incentive/voluntary measures for a cost of
about $3.0 billion. The average cost-effectiveness value is estimated to be about $7,100 per
combined ton of NOx, 20xPM, and ROG emissions reduced. The total number of vehicles
involved under this scenario for voluntary/incentive programs is about 286,000, which is about

68% of the total available fleet in 2012. Assuming that these control measures would begin in

2007, the 68% vehicle penetration rate would translate to about 11% turnover rate per year in a
six-year time frame, which is a viable penetration rate to achieve.

As discussed in Section 2, diesel equipment contributes most of the NOx and PM emissions from

nonroad sources. The largest emitting diesel equipment categories are construction and

agricultural equipment, with each equipment fype contributing 20-30% of the NOx and PM
The emissions reduction scenario for nonroad vehicles

emissions from nonroad sources.
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includes voluntary after-treatment device retrofits and fleet modernization. Example potential
emission reduction scenarios for the construction and agricultural equipment are summarized in
Tables ES-3 to ES-6 for 2009 and 2012 NOx and PM reductions.

Table ES-3. Summary results of an example emission reduction scenario to reduce NOx, VOC

Measure 20: Fieet Modernization (Tier 2, 3 or 4
Engines)
Excavators 648 | $15415,500 | 1.21 0037 011
Rubber Tire Loaders 661 | $23,665,000| 1.12| 06.03! 012
Crawler Tractor/Dozer 498 | $20,313,750 | 0.83| 0.04 0.13
Tractors/Loaders/Backhoes 612 $6,481,250 0.19| 0.02| 0.01
Off-Highway Trucks . 42 $6,906,726 | 045 0.001 0.00
Sub Total 2461 $72,782226 | 381 O 0.37
Measure 51a: DPF Retrofit
Excavators 1,136 $84936321 0.00{ 005| 0.15
Rubber Tire Loaders 1,177 | $11,541,780 1 0.00 0.06| 0.21
Crawler Tractor/Dozer 835 $8,5585261 000 0.05| 0.16
Tractors/Loaders/Backhoes 1,647 $6,342,158 1 0.00| 0.05! 0.06
Off-Highway Trucks 52 $2679,111| 0.00| 0021 014
Sub Total 4,847 | $37,615,216 | 0.00| 023 071
Measure 51h: Lean NOx Catalyst
Excavators ' . 976 | $17,022165| 050| 005! 0.13
Rubber Tire Loaders 760 | $15,208,421 040] 004 011
Crawier Tractor/Dozer ‘ . 730 $16,103,158 1 0.35| 0.04 | 0.14
Tractors/Loaders/Backhoes 1496 | $12454,737 | 024 0.05| 0.06
o Off-Highway. Trucks 52 $5,.953.880 | 037 ) 002 0131 .
Sub Total L - 4,014 $66,742,001 1.86 | 0.20 | 0.56
Measure 51¢: EGR+DPF Retrofit
Excavators ' 976 | $19,575421 | 0.81| 0.05| 013
Rubber Tire Loaders 843 | $20,201,263 | 073] 0.04: 012
Crawler Tractor/Dozer 730 | $18,518,632 055 004} 0.14
Tractors/Loaders/Backhoes - 9786 $991686321 0267 003 0.04
Off-Highway Trucks 52 $6,846,617 1 059! 0.02| 0.13
Sub Total . 3,577 1 $75,0688,565 . 294! 018 | 0.55
Measure 51d: SCR Retrofit L
Excavators : 7321 $16,9083957 134 | 0.00| 0.00
Rubber Tire Loaders 626 | $17418868 1 1.17| 0000 0.00
Crawter Tractor/Dozer 667 | $20,370,132 | 103 000 0.00
Tractors/Loaders/Backhoes 461 $6,542,711 030 0.00; 0.00
Off-Highway Trucks 73| $11,074,232 | 155| 0.00: 0.00
Sub Total 2,559 | $72,314,337| 539! 0.00| G.00
Measure 51e: DOC Retrofit '
Excavators ' 976 $1702,211| 000] 0.02| 0.10
Rubber Tire Loaders 1,177 $2564842 | 0.00| 003 | 0.5
Crawler Tractor/Dozer ' 835 $1.001805| 0.01| 002 012
Tractors/Loaders/Backhoes : 1,496 $1,245,474 000 002 0.05
Off-Highway Trucks ' 52|  $595358 | 0.00| 001] 0.10
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Measure 51f: FTF Retrofit
Excavators 627 $4,572,000 1 0.00 . 0.02 0.09
Rubber Tire Loaders 617 $5465368 1 000, 002 0.11
Crawler Tractor/Dozer 525 $4,005,474 0.01 0.02| 0.08
Traciors/Loaders/Backhoes 900 $3,571,579 000: 0.02| 0.04
Off-Highway Trucks 52 $2.679,111 0.00 1 0.0 0.14
Sub Total 2,721 | $21,193,532 [ 0.01 0.09 | 047
Measure 51g: DOC+SCR Retrofit
Excavators 976 | $23,405395| 1.61 0.01 0.10
Rubber Tire Loaders 096 | $30,034,342 1821 0.01 0.14
Crawier Tractor/Dozer 667 | $21,138,816 104 0.01 0.11
Tractors/Loaders/Backhoes 799 | $11,620,021| 051] 0,01] 0.03
Ofi-Highway Trucks 731 $11,4902127 | 155 0.01 0.11
Sub Total 3,511 | $97,691,601 6.63| 006 0.49
Measure 51h: SCR+DPF Retrofit
Excavators 1,242 | $32,404737 | 208| 006 Q.15
Rubber Tire Loaders 1,060 | $33,858,047 | 195 005| 0.18
Crawier Tractor/Dozer 947 | $30,473,684 136 0.05| 0.15
Tractors/Loaders/Backhoes 1,677 | $26,720,526 1.05 0.07 0.08
Off-Highway Trucks 73| $12,536866 | 155 0.03| 0.14
Sub Total 4,998 | $135,994,761 799 026 0.70
Grand Total 33,224 | $587,402,018 | 28.64 | 1.24 | 4,37

Table ES-4. Summary results of an example emission reduction scenario o reduce NOx, VOC

and PM emissions from some major construction equipment in the LADCO state

otal “Total. Cos
Measure 20: Fleet Modernization (Tier 2, 3 or 4
Engines)
Excavators 379 $11,246,750 | 0.831 0.02] 0.09
Rubber Tire Loaders 964 $40,720,750 183, 004 015
Crawler Tractor/Dozer 511 $24,529 500 1.021 0021 0.14
Tractors/Loaders/Backhoes 240 $10,559,000 | 0301 002! 0.03
Off-Highway Trucks 46 $9,082,072 | 047 000 0.00
Sub Total 2,840 $96,138.072 1 444 | 010 | 0.4
Measure 51a: DPF Retrofit
Excavators 3,373 $25842,316 1 0.00| 014 | 0.26
Rubber Tire Loaders 3,167 $28,250,083 1 000 | 012 032
Crawler Tractor/Dozer 2,900 $28018895 | 0.00| 013 930
Tractors/Loaders/Backhoes 5,708 $22,800316 | 000 014 0.23
Off-Highway Trucks 122 $6,285607 1 000 0.05| 017
Sub Total 15,270 $112187186 | 0.00| 057! 1.28
Measure 51b: Lean NQx Catalyst
Excavators 2,004 $35,753,684 | 084 009} 0.17
Rubber Tire Loaders 1,393 $28,635,789 | 065 | 0.06 0.16
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Crawler Tractor/Dozer 1,418 $29,146,316 | 0591 007 | 0.18
Tractors/Loaders/Backhoes 3,166 $26,604211| 048] 010] 014
Off-Highway Trucks 81 $0,273846 | 050] 0.03| 0.12
Sub Total 8,152 | $129413,846| 3.05| 035]| 077
Measure 51¢c: EGR+DPF Retrofit
Excavators 1,667 $295259047 | 1.02| 0407 014
Rubber Tire Loaders 1,393 $32931158 | 1.04 0061 Q.16
Crawler Tractor/Dozer 1,418 $33,6518,263 | 093 0.07] 0.18
Tractors/Loaders/Backhoes 2,245 $22,790,678| 0567 0.07| o011
Off-Highway Trucks 81 $10,664,623 | 079 | 003| 6.12
Sub Total 6,804 $120,430,870: 435| 030]| 0.70
Measure 51d: SCR Retrofit
Excavators 1,064 $24 767,737 | 1601 000 0.00
Rubber Tire Loaders 881 $26,550,211 1.61 0.00] 0.00
Crawler Tractor/Dozer 1,063 $33,172,421 1.61 0.00| 0.00
Tractors/Loaders/Backhoes 718 $10,374,053 | 045 0.00]| 0.00
Off-Highway Trucks 122 $18,507.620 | 230 000 0.00
Sub Total 3,848 | $1143,372,041| 7.57| 000 0.00
Measure 51e: DOC Retrofit '
Excavators ‘ 770 $4,178,737 | 0001 0.02| 0.086
Rubber Tiré Loaders 1,012 $2,017780 | 000§ 0.02| 0.11
Crawler Tractor/Dozer 665 $1,329,368 | 0.01 0.02 0.08
Tractors/Loaders/Backhoes 1,343 $1,112947 1 000 0.02] 006
Off-Highway Trucks 25 $286,230 1 0.00| 0.00]| 004
Sub Total ' 3,815 $5,925072| 001 0.08| 0.35
Measure 51f: FTF Retrofit
- EXCavators 2,144 $16,349,684 | 000 ] Q05| 019
Rubber Tire Loaders 2,093 $19,326316 1 0.00| 005} 027
Crawler Tractor/Dozer ‘ 1,209 $18,868,263 | 0.01 0056 0.23
Tractors/Loaders/Backhoes 4,685 $182591056| 0.00f 008 0.21
Off-Highway Trucks 122 $6,285,607 |. 0.001 0.03] 017
Sub Total 10,953 $79,088,975| 001 026 1.07 |
Measure 51g: DOC+SCR Retrofit L
. Excavators o ‘ 1,667 $35,302,763 1 204 002 011
Rubber Tire Loaders 1,722 $53,145021 . 2931 0.02| 0.18
Crawler Tractor/Dozer 1,063 $34 424,211 1621 0021 0.13
Tractors/Lcaders/Backhoes 1,764 $26,486,842 1121 0.02] 0.08
Off-Highway Trucks - 122 $19,206,021 | 230| 001| 0.12
Sub Total 6,338 | $168,565,758 | 1001 | 0.10]| 0.63
Measure 51h: SCR+DPF Retrofit
Excavators 2,196 $56,891,053 | 290 009 018
Rubber Tire Loaders 2,093 $64,421.053 | 3.12] 0.09| 024
Crawler Tractor/Dozer 1,908 $6.2,894.211 2571 009 0.21
Tractors/l oaders/Backhoes 3,357 $55,406,842 | 2.01| 0.14| 0.20
Qif-Highway Trucks - ' 122 $20,952,023 | 230 0051 015
Sub Total 9,677 $260,565,181 1 1290 045 ] 0.98

Grand Total o 67,697 | $1,094,687,002 | 42.34 | 221 ]| 6.17
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As shown in Tables ES-3 and ES-4, the example emission reduction scenario for major
emissions contributors from construction equipment with all selected measures could reduce
NOx emissions by approximately 29 tpd, PM emissions by more than 1.2 tpd, and ROG
emissions by 4.4 tpd in the LADCO states in 2009 for a cost of about $600 million. The total
equipment count 15 this scenario is about 33,000 units, which is about 34% of the available
LADCO regional construction equipment population in 2009. In 2012 the potential NOx
emissions reductions are approximately 42 tpd, the PM emissions reductions approximately 2.2
tpd, and the ROG emissions reductions approximately 6.2 tpd for a cost of about $1.1 billion. In
2012, this scenario estimates that approximately 68,000 units would be affected, which is about
79% of the available construction equipment population in 2012.

Table ES-5. Summary results of an example emission reduction scenario to reduce NOx, VOC

and PM emissions from some maj itura

Measure 20: Fleet Modernization (Tier 2, 3 or 4
Engines)

Agricuitural Tractors : 13,974 | $185,035,850 | 554 | 0321 041

Combines 121 $2,283,750 | 0.03| 000 000
Sub Total 14,095 | $187,319,600 | 556 | 032 0.41
Measure 51a: DPF Retrofit .

Agricultural Tractors . 16,560 | $73,718,000 | 0.00| 0481 065

Combines 8579 $3,060474 | 0.00| 0011 0.00
Sub Total 17,139 | $77,679474 | 0.00| 049| 065
Measure 51b: Lean NOx Catalyst

Agriculiural Tractors 10,108 | $128,844,316 | 223 | 036 ] 0.38

Combines 168 $2,467,368 | 0.02| 000 0.00
Sub Total 10,276 | $131,311,684 | 2.25| 0.36| 0.36
Measure 51c: EGR+DPF Retrofit

Agricultural Traclors 13,032 | $111,681,047 | 294 | 030 | 0.36

Combines 168 $2,837,474 | 0.03| 0.00| Q.00
Sub Total 13,200 | $114,519,421 | 296 | 0.31| 0.36
Measure 51d: SCR Retrofit .

Agricultural Tractors 5330 | $67,778,632| 3.09: 0.00| 0.00

Combines 0 $0| 0007 0.00| 0.00
Sub Total 5,330 | $67,778,632 | 3.09: 0.00| 0.00
Measure 51e: DOC Retrofit

Agricultural Tractors 17,679 | $14,344,211 0.00: 0.18| 047

Combines 825 $1,272,737 | 000} 0.01 0.01
Sub Total 18,504 | $15.616,947 | 0.00| 0.18| 0.48
Measure 51f: FTF Retrofit

Agricultural Tractors 11517 $36,177632, 000 015 030

Combines 168 $1.110316 | 000 0.00| 0.00
Sub Total 11,685 ] $37,287,947 | 000 0.15| 0.39
Measure 51g: DOC+SCR Retrofit

Agricuitural Tractors 8,281 { $110,220,000 | 467 | 0.06| 0.32

Combines 0 $01 000! 000 0.00
Sub Total 8,281 | $110,220,000 | 467! 0.06 | 0732
Measure 51h: SCR+DPF Retrofit

Agricultural Tractors 14,517 | $179,733,158 | 698 | 033 | 048

Combines 168 $3,701,053 | 0.06, 0.00| 0.00
Sub Total 14,685 | $183,434,211 | 7.04 | 033 0.48
Grand Total 113,195 | $925,167,916 | 2557 | 220 | 345
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Table ES-6. Summary results of an example emission reduction scenario to reduce NOx, VOC
and PM emissions from some major agricultural equipment in the LADCQO states in 2012.

Measure 20: Fleet Modernization (Tier 2, 3 or 4
Engines) ' '

Agricultural Tractors 27,896 $384,923,950 | 11.31 0.60 1.00

Combines 313 $10,663,750 | 014 | 0.01| 0.00
Sub Total 28,209 | $395,587,700 | 1144 | 061 | 1.00
Measure 51a: DPF Retrofit '

Agricultural Tractors 35,612 $194,630,211 | 0.00: 097 | 1.72

Combines 1,744 $12,008,842 | 0.001 0.03]| 0.01
Sub Total 37,356 ¢ $206,639,053 | 0.00; 1.00[ 1.73
Measure 51b: Lean NOx Catalyst

Agricultural Tractors 19,486 | $250364,737 | 4401 070] 086

Combines o B 313 $4,980,000: 0.04] 0.01] 0.00
Sub Total 19,799 | $264,344.737 1 444 | 070 0.86
Measure 51c: EGR+DPF Retrofit

Agricultural Tractors 22,849 | $205178,158 | 515 | 053] 0.86

Combines 313 $5,727,000 1 0.06| 001 0.00
Sub Total 23,162 | $210,905,158 ) 5.21| 054 | 0.86
Measure 51d: SCR Retrofit

Agricultural Tractors : 98761 $131,193,132 | 572| 000| 0.00

Combines . 0 $0 000 000]| 0.00
Sub Total : 9,876 | $131,193,132| 5.72] 0.00; 0.00
Measure 51e: DOC Retrofit

Agricultural Tractors 27,485 $25822,000] 0.00| 031 1.12

Combines 2,248 $3,391,158 | 0.00| 002 0.02
Sub Total 29,733 $20.213,158 | 0.00| 0.32] 113
Measure 51f: FTF Retrofit '

Agricultural-Tractors 28,846-—$420.026,842-]—0:00-1-—0.39-{ 45O ~{-r wrreriinns

Combines 434 $2.871,474| 000! 000 | 0.00
Sub Total 29,280 | $122,898,316 | 0.06: 0.39| 1.56
Measure 51g: DOC+SCR Retrofit ‘

Agricultural Tractors ' 15,541 $190,948,421 787 0141| 057

Combines 0 $0f 0.00] 0.00]| 0.00
Sub Total 15,541 $190,948421¢ 7.87| 011 ]  0.57
Measure 51h: SCR+DPF Retrofit ' a
- Agricultural Tractors 27,267 | $373,061,053 | 1382 | 061| 126

Combines : 313 $7470,000  0142| 0.01] 0.00
Sub Total : 27,580 | $380,531.053 | 1394 061 | 1.26

Grand Total 220,536 | $1,725,621,674 | 48,62 | 3.28 | 7.26

For the agricultural equipment, the example emission reduction scenario shown in Table ES-3
for major agricultural equipment including all selected measures could reduce 2009 NOx
emissions by approximately 26 tpd, PM emissions by approximately 2 tpd, and ROG emissions

- by approximately 3.5 tpd for a cost of about $0.9 billion. The total equipment count involved in
this scenario is about 113,000 units, which is about 35% of the available LADCO regional
agricultural equipment population in 2009. Table ES-6 shows that this scenario for agricultural
equipment could reduce 2012 NOx emissions by approximately 49 tpd, PM emissions by
approximately 3.3 tpd, and ROG emissions by approximately 7.3 tpd. The total equipment count
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involved in this scenario is 220,000 which is approximately 77% of the available agricultural
population in 2012.

Based on these emission reduction scenarios, a fotal NOx reduction of more than 55 tpd, a total
PM reduction of 3.2 tpd and a total ROG reduction of 8 tpd could be achieved in 2009 by
implementing these selected measures for nonroad diesel equipment, focusing on construction
and agricultural equipment. In 2012, a total NOx reduction of 91 tpd, a total PM reduction of
approximately 5.5 tpd, and a total ROG reduction of 13.5 tpd could be achieved by implementing
these measures for nonroad construction and agricultural equipment.

Table ES-7 shows the potential emissions reduction from implementation of a Smoking Vehicles
Emissions Reduction Measure for light-duty on-road vehicles. The scenario is calculated based
on an assumption that 1.43% of the LDGV fleet are smoking vehicles, and a penetration rate of
50% for enforcement and subsequent removal/replacement of the smoking vehicle. The analysis
indicates that in 2009 the potential LADCO area PM reductions from smoking vehicles are 2.9
tons/day, and for 2012 the reductions are 3.0 tons/day. The per vehicle cost-effectiveness is
$5,830/ton PM reduced, and the overall cost is approximately $344 million in 2009 and $365
million in 2012 for the LADCO area.

Table ES-7. An example emission reduction scenario for a‘emovai/repiacement of smoking
vehicles in LADCO states in 2009 and 2012.

tons/year
Measure 38/39/40/41: Smoking Vehicles Identification/Emissions Reduction
2009
$5,830 | 0.003 | $1,000 | 48,131,991 | 344,144 | $344,143,739 | 2.9
2012
$5,830 | 0.003 | $1,000 | 51,078,054 | 365,208 | $365,208,088 | 3.0

Table ES-8 shows the emission reduction scenario for the Anti-Idling measure for locomotives.
Based on the assumptions used in the analysis (described in detail in Section 4) and the 2009
locomotive emission inventories 1n the LADCO states, the potential emission reductions for the
Anti-Idling measure were estimated to be about 5 tpd for NOx emissions, 0.2 tpd for PM
emissions, and 0.5 tpd for ROG emissions for a cost of about $50 million. The potential
emission reductions for the 2012 scenario were estimated to be doubled of those for the 2009
scenario as they were estimated by scaling the 2009 emission reductions over a six-year
timeframe, assuming that the Anti-Idling measure would implement in 2007.
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Table ES-8. An example emission reduction scenario for anti-idling restrictions on locomotives
in LADCO states in 2009 and 2012.

Swilching $1400 | 1.28 | 0.04 | 010 | $30,000 NA 757 | s22713430 | 265 | 0081 022

Line-Haul $1.400 | 0.84 | 006 0.1 | $30,000 NA 898 | $26.953,254 | 207|015 | 027

Total 212 | oo} 022 1656 |  $40,666,603 | 472 | 023 | 049
2012 :

Switching $1,400 | 128 | 004 ] 0.0 | $30,000 NA 1514 | $45426878 | 531 | 046 | 044

Line-Haul $1,400 | 084 | 0061 011 | $30.000 NA 1,797 | $53.908,508 | 4.4 | 020 | 0865

Total 212 | 010 | 022 NA 3311 | $99333386 | 944 | 0.45| 098

A similar emissions reduction scenario analysis to that presented above for onroad HDDVs and
nonroad construction and agricultural equipment has been conducted for each of the states in the
LADCO region. Although there were some differences in the nonroad construction and
agricultural equipment types that were the major NOx and PM contributors in each state, these
differences were minor and the state-by-state analysis was conducted for the same equipment
types as that for the LADCO region. Tables ES-9 and ES-10 show the potential emissions
reduction from the scenario analysis conducted for each state for 2009 and 2012 respectively.
The criteria for penetration rate were identical to those in the LADCO region analysis.

Table ES-9. State-by-state potential NOx emission reductions for the three emission reduction
scenarios in 200

lllinois 2621 | 1.78 6.65 8.43 0.37 1.29 9.49 0.81 1.28
Indiana 15.86 | 0.84 4.26 4.28 0.18 0.66 5.13 0.44 0.69 -
Michigan 1641 | 097 4.147 4.92 0.23 0.75 2.86 0.25 0.39
Ohio 2283 1 114 6.24 1.74 0.33 1.18 4.25 0.36 0.57
Wisconsin 12.25 | 0.87 3.28 | 3.25 0.14 0.50 3.83 0.33 0.52
HTotal 9356 | 541 | 2460 | 28.63 | 124 | 438 | 2656 | 2.19 3.45
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Table ES-10. State-by-state potential NOx emission reductions for the three emission reduction

scenarios in 2012,

illinois

Indiana 1641 | 1.07 0.92 .77 0.86 1.81
Michigan 18.66 | 1.37 1.1 5.43 0.48 1.00
Ohio 23.08 | 1.37 1.65 8.08 0.71 1.49
Wisconsin 1279 | 0.88 0.67 7.29 0.64 1.35
[Total 10143 7.34 6.18 | 48.62 ; 4.29 B.99
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1. INTRODUCTION

As part of the Midwest Regional Planning Organization (MRPO), the Lake Michigan Air
Directors Consortium (LADCO) is working with its member states in the upper Midwest to
develop the necessary technical support for new State Implementation Plans (SIPs) for regional
haze, PM2.5, and 8-hour ozone. In Jume 2006, ENVIRON was retained by LADCO to evaluate
candidate emission control measures for mobile sources to support the development of these
SIPs for the LADCO States. In February 2006, ENVIRON completed a Phase I study for
LADCO entitled “Evaluation of Candidate Mobile Source Control Measures™ , focusing on
reducing NOx emissions from mobile sources in LADCO states in 2009,

The objectives of this Phase II study are to identify and assess candidate control measures to
address emissions of volatile organic compounds (VOC) and fine particles (PM, 5) from mobile
sources in the LADCO states in 2009 and 2012, and emissions of nitrogen oxides (NOx) from
mobile sources in the LADCO states in 2012.

This report discusses the selection of control measures, the 2009 and 2012 emission inventories
used in the study, results of the control measures assessment, and technical approach, and data
and assumptions used in the emission reduction scenario analysis based on selected control
measures for on-road diesel vehicles, nonroad diesel equipment and light-duty gasoline vehicles.

Following this Introduction section, Section 2 presents the emissions inventories used in this
study. Section 3 presents the selection of control measures. Section 4 presents the results of the
technical and economic analyses of the selected control measures. Section 5 presents potential

emission reduction scenarios for on-road vehicles and non-road equipment in 2009 and 2010 for
the LADCO States. '

* "Evaluation of Candidate Mabile Source Control Measures,” Final Report te the Lake Michigan Air Directors
Consortium, prepared by ENVIRON internaticnal_(:orp., Novato, CA, February 2008,
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2. EMISSIONS INVENTORY DEVELOPMENT

Onroad Emission Inventory

For the purposes of this study, emission impacts are to be calculated using a combination of
emission inventory data supplied by LADCO and the 2002 National Emissions Inventory (NEI).
Specifically, the 2009 and 2012 onroad emission inventories for the LADCO states were
developed based on NEI 2002, Base K, and NMIM projected emissions’. A summary of the
methodology used to develop 2009 and 2012 LADCO onroad emissions is as follows:

¢ 2009 and 2012 TOG and NOx emissions for gasoline and diesel vehicles were set equal
to 2009 and 2012 BaseK emissions. NEI 2002 emissions were used to distribute diesel
and gasoline emissions by vehicle type.

* NEI 2002 PM and CO emissions were projected to 2009 and 2012 based on EPA NMIM
runs for 2002, 2009 and 2012, In NMIM runs, the EPA default county database file was
used. The default county database includes 2002 VMT, but not 2009 or 2012 VMT. The
2009 and 2012 VMT applied in NMIM was developed assuming a uniform yearly VMT
growth rate of 2% across all vehicle types and counties.

« Emissions distributions by vehicle type were corrected to reflect ENVIRON, 20047
vehicle miles traveled by vehicle type for all pollutants.

The 2009 and 2012 onroad emission inventories by vehicle type for the LADCO States are
presented in Tables 2-1 and 2-2, respectively. Figures 2-1 and 2-2 are a graphical representation
of the onroad emissions inventories by vehicle type for 2009 and 2012. In 2009, gasoline
vehicles emissions account for the majority of total organic gas (TOG), carbon monoxide (CQO),
nitrogen oxides (NOXx), and particulate matter less than 10 microns (PM;o) emissions, or 95%,
99%, 51%, and 60%, respectively; diesel vehicle emissions account for 50% of particulate matter
less than 2.5 microns (PMas) emissions. The 2012 onroad emissions inventory also shows
similar emission trends by vehicle fuel types. By vehicle types, heavy heavy-duty diesel vehicles
(class 8 HDDVs) are the highest NOx and PM emission emitters, contributing more than 35% of
the total onroad NOx emissions in both 2009 and 2012, and about 35% in 2009 and 30% in 2012
of the total onroad PM, s emissions.

From 2009 to 2012, onroad emissions from gasoline vehicles decrease by about 18% for TOG
and NOx emissions, 13% for CO emissions, and 2% for PM;o and PM, ;s emissions. As for diesel
vehicles, the emissions decrease by about 9% for TOG emissions, about 36% for CO, about 33%
for PM emissions, and about 21% for NOx emissions from 2009 to 2012. Emissions
contributions from gasoline and diesel vehicles remain relatively constant from 2009 to 2012 for
TOG, CO, and NOx emissions. However, PM emission confributions from diesel vehicles
decrease from 40% to 31% for PMq, and 50% to 41% for PM; 5 from 2009 to 2012.

! Work is underway by LADCO and ENVIRON to prepare an updated and refined base year emissions inventory for
2005. This new inventory for on-road mobile sources uses detailed data from more than 20 transportation networks
in the upper Midwest, aiong with detailed temporal proﬁles of vehicle activity from state DOT traffic counters, to
estimate link-level emissions using the CONCEPT emissions model. Modeling is underway and results will be
growded on the LADCO web site when they are available.

ENVIRON, 2004, LADCO/MPCA Total Volume and Vehicle Classification Temporal Profiles, September 2004,
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LDGV 0.4

LDGT1 453 477 12.2 6.8

LDGT2 208 193 4.2 2.4

HDGV 23 53 1.2 0.9

Motorcycle 5 4 0.2 0.1

LDDV 1 1 1 0.4 0.1

LDDT 2 2 3 0.4 0.2

Class 2b diesel 3 8 39 1.1 0.9

Class 3, 4, 5 diesel 3 8 39 0.9 0.7

Class 6, 7 diesel 13 28 165 3.6 3.1

Class 8 diesel 51 147 1,004 15.9 13.6

Buses 2 5 26 0.9 0.8

All State Total 1,396 17,968 2,598 58.4 38.9

Table 2 by Vehicle Ty

L.DGV

LDGT1 371

LDGT2 171

HDGY 19

Motorcycle 4

DDV ' 1

LDDT 2

Class 2b diesel 3

Class 3, 4, 5 diesel 3 5 . )
J-Class.8, 7-diesel 12 18 130 2.3 2.0

Class 8 diesel 47 95 793 10.8 9.2

Buses 2 4 20 (0.6 0.5

All 5tate Total ‘ 1,152 15,513 2,086 50.2 C 322
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Figure 2-1. 2009 LADCO Onroad Emissions by Source (tpd).
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Figure 2-2. 2012 LADCO Onroad Emissions by Source (ipd).
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Nonroad Emission Inventory

The 2009 and 2012 NONROAD emission inventories presented in Table 2-3 and 2-4,
respectively, are based on emissions provided by LADCO? which were based on EPA
NONROAD2004 model runs. Figure 2.3 and Figure 2.4 show these NONROAD emission
inventories by equipment category. As shown in Figure 2.3 and Figure 2.4, NONROAD VOC,
NOzx, PM;o, and PM; 5 emissions are reduced overall by about 10%, 14%, 10%, and 10%,
respectively from 2009 to 2012, while NONROAD CO emissions increase slightly from 2009 to
2012. Construction and agricultural equipment are the largest contributors to NOx, PMjo, and
PMy 5 emissions in 2009 and 2012. Construction equipment accounts for 33%, 23%, and 23% or
NOx, PM,q, and PM; 5 emissions, respectively in 2009 and 32%, 22%, and 22% of NOx, PMj,
and PM, 5 emissions, respectively in 2012. Agricultural equipment accounts for 30%, 26%, and
26% of NOx, PM o, and PM, 5 emissions, respectively in 2009 and 31%, 24%, and 24% of NOx,
PM,0, and PM, s emissions, respectively in 2012. Recreational equipment is the largest
NONROAD contributor to VOC emissions accounting for 44% and 43% of VOC emissions in
2009 and 2012, respectively. Lawn and garden equipment is the largest contributor to CO
emissions accounting for 45% and 44% of CO emissions in 2009 and 2012, respectively.

Table 2-3. LADCO OAD nt type (tpd).

. . - otal

VoG Agricuttural Equipment 0.0 29.6
Aldrport Ground Suppeort Equipment 0.0 0.3
Commercial Equipment 1.2 48.2
Construction and Mining Equipment 0.2 40.4
Industrial Equipment ' 18.2 28.1
Lawn and Garden Equlpment 0.1 188.6
Logging Equipment 0.0 1.3
Pleasure Craft 0.0 252.4
Railroad Equipment 0.0 0.3
_Recreational Equipment 0.0 456.5
Underground Mining Equipment 0.0

VOC Total (tpd) 20 71 1,045.7

CO Agricuitural Equipment - - - - 041 280.7
Airport Ground Support Equipment 0.3 3.7
Commercial Equipment 203 21578
Construction and Mining Equipment 5.8 664.9
Industrial Equipment - 449.4 646.3
Lawn and Garden Equipment 24| 49082
Logging Equipment 0.0 15.0
Pleasure Craft 0.0] 1,003.4
Railroad Equipment 0.0 4.1
Recreational Equipment 0.2 | 1,662.8
Underground Mining Equipment . . 0.0 0.6

CO Total (tpd) ' 38.2 330 7| 10,500.0 478.5 | 11,3474

NOx Agricultural Equipment 0.0 257.8 2.7 0.0 260.5
Airport Ground Support Equipment 0.0 3.5 0.0 0.0 3.8
Commercial Equipment 1.4 341 16.5 5.4 574
Construction and Mining Equipment 0.0 285.0 54 0.8 291.2
Indusirial Equipment 51 60.1 3.5 69.1 137.8
Lawn and Garden Equipment 0.0 13.7 35.8 0.4 49.8

* Hetherington, 2006, Email from Grant Hetherington of Bureau of Air Management, Wisconsin Department of
Natural Resources to Lit Chan of ENVIRON. July 5, 2006,
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Equipment Type
Logging Equipment
Pleasure Craft
Railroad Equipment
Recreational Equipment . . .
Underground Mining Equipment 0.0 0.6 0.0 0.0 0.6
NOx Total {tpd) 6.6 681.4 118.8 75.8 882.6
PMio Agricultural Equipment 0.0 26.0 0.1 0.0 26.0
Airport Ground Support Equipment 0.0 0.2 0.0 0.0 0.2
Commercial Equipment 0.0 3.8 1.0 0.0 4.9
Construction and Mining Equipment 0.0 20.9 1.5 0.0 22.4
industrial Equipment 0.1 4.9 0.1 0.9 5.9
Lawn and Garden Equipment 0.0 1.2 9.3 0.0 10.5
Logging Equipment 0.0 0.1 0.1 0.0 0.3
Pleasure Craft 0.0 0.4 14.8 0.0 15.0
Railroad Equipment 0.0 0.2 0.0 0.0 0.2
Recreational Equipment 0.0 0.1 - 1331 . 0.0 13.4
Underground Mining Equipment ‘ 0.0 0.1 0.0 0.0 0.1
PM;o Total {ipd) 0.1 58.0 39.9 0.9 98.9
PMss Agricultural Equipment 0.0 23.9 0.1 0.0 24.0
Airport Ground Support Eqguipment 0.0 0.2 0.0 0.0 0.2
Commercial Equipment 0.0 3.5 0.9 0.0 4.5
Construction and Mining Equipment 0.0 10.2 1.4 0.0 20.6
Industrial Equipment 0.1 4.5 0.0 0.9 55
Lawn and Garden Equipment 0.0 1.1 8.5 0.0 2.6
Logging Equipment 0.0 0.1 0.1 0.0 0.2
Pleasure Craft 0.0 0.4 13.4 0.0 13.8
Railrpad Equipment 0.0 0.2 0.0 0.0 0.2
Recreational Equipment 0.0 0.1 12.2 0.0 12.3
Underground Mining Equipment 0.0 0.1 0.0 0.0 0.1
PM. ; Total (fpd) 0.1 534 36.7 0.9 91.1

VALADCO controls\Phase 11-2609_207 2%ReporttL ARCO H Final 03-27-0MLADCO [1-Sec?_El doc 2"'5
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Table 2-4. LADCO Al Stat

by fuel and

Fuel Type

Agricultural Equipment . . .
Airport Ground Support Equipment . 0.0 0.0 0.3
Commercial Equipment 0.0 434 0.9 49.0
Constryction and Mining Equipment 0.0 15.9 0.1 36.2
industrial Equipment 0.0 2.0 8.2 14.7
Lawn and Garden Equipment 0.0 179.3 0.0 180.8
Logging Equipment 0.0 1.2 0.0 1.3
Pleasure Craft 0.0 2251 0.0 225.9
Railroad Eqguipment 0.0 0.0 0.0 0.3
Recreational Equipment 0.0 406.2 0.0 406.5
Underground Mining Equipment 0.0 0.0 0.0 0.1
VOC Total (tpd) 0.1 877.5 9.3 939.9
cO Agriculiural Equipment 0.0 153.3 0.0 262.3
Airport Ground Support Equipment 0.0 1.6 0.2 3.1
Commercial Equipment 5.0 2,276.8 17.6 2,319.8
Construction and Mining Equipment 0.0 511.3 3.1 628.1
industrial Equipment 18.5 90.9 2494 388.2
Lawn and Garden Equipment 0.0 5,085.9 1.2 5,093.5
Logging Equipment 0.0 15.6 0.0 16.2
Pleasure Craft 0.0 976.7 0.0 980.6
Railroad Equipment 0.0 3.1 0.0 4.1
Recreational Equipment 0.0 1,661.6 0.2 1,662.7
Underground Mining Equipment 0.0 0.0 0.0 0.5
CO Total (ipd) 23.5 10,776.9 271.8 | 11,3589
NOx Agricuttural Equipment 0.0 2.4 0.0 234.2
Airport Ground Support Equipment 0.0 0.0 0.0 31
Commercial Equipment 1.3 16.7 4.4 557
Construction and Mining Equipment 0.0 4.3 0.5 2407
industrial Equipment 2.5 17 326 88.2
Lawn and Garden Equipment 0.0 35.0 0.2 48.9
Logging Equipment 0.0 0.1 0.0 1.5
Pleasure Craft 0.0 46.3 0.0 68.7
Railrcad Equipment 0.0 0.0 0.0 1.3
Recreational Equipment 0.0 14.1 0.0 14.9
Underground Mining Equipment 0.0 Q.0 0.0 0.6
NOx Total {tpd) 38 120.6 37.8 757.8
PMio Agricultural Equipment 0.0 0.1 0.0 21.8
Airport Ground Support Equipment 0.0 0.0 0.0 0.2
Commercial Equipment 0.0 1.1 0.0 4.6
Construction and Mining Equipment 0.0 1.5 0.0 19.5
industriai Equipment 0.1 0.0 0.9 5.3
Lawn and Garden Equipment 0.0 9.5 0.0 10.6
Logging Equipment 0.0 0.1 (0.0 0.2
Pleasure Craft 0.0 14.3 0.0 14.6
Raiiroad Equipment 0.0 0.0 0.0 0.2
Recreational Equipment 0.0 12.1 0.0 12.2
Underground Mining Equipment 0.0 0.0 0.0 0.1
PMis Total (fpd) 0.1 38.7 1.0 89.5
PM: s Agricultural Equipment 0.0 0.1 0.0 20.0
Airport Ground Support Equipment 0.0 0.0 0.0 0.2
Commercial Eguipment 0.0 1.0 0.0 4.3
Construction and Mining Equipment 0.0 1.4 0.0 18.0
Industrial Equipment 0.1 0.0 0.9 5.0
Lawn and Garden Equipment 0.0 8.8 0.0 9.8
Logging Equipment 0.0 0.1 0.0 0.2
Pleasure Craft 0.0 13.1 0.0 13.5
Railroad Equipment 0.0 0.0 0.0 0.1
Recreational Equipment 0.0 11.1 0.0 11.3
Underground Mining Equipment 0.0 0.0 0.0 0.1
PM..s Total (tpd) 0.1 35.6 1.0 82.4
VALADCO controls\Phase 1{-2008 201 2Report LADCO I Final_03-21-0NLARCO HnSeql_EI.dnc 2"6



March 2007 ENVIRON

1,200
1,000 4
SUnderground Mining Equipment
Recreational Equipment
. 800 4 B Railroad Equipment
} ElPleasure Craft
2 B l.ogging Eauipment _
.g Olawn and Garden Equipment
E 600 Cndustrial Equipment
% B Construction and Mining Equipment
2 B Commercial Equipment
& B Airport Ground Support Eguipment
408 B Agricultural Eguipment
200
0 -

2009 VOC 2012 VOC 2609 NOx 2012 NOx

Figure 2-3. LADCO 2009 and 2012 VOC and NOx NONROAD Emissions by Equipment Type
(tons per day).
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Figure 2-4. LADCO 2009 and 2012 PM10 and PMZ2.5 NONROAD Emissions by Equipment
Type {tons per day).
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Locomotive Emission Inventory

The 2009 and 2012 locomotive emission inventories are based on annual BaseK emissions
received from LADCO*. The 2009 and 2012 locomotive emission inventories for the LADCO
states are shown in Tables 2-5 and 2-6, respectively. As shown in these tables, locomotive
emissions decrease from 2009 to 2012 by 2% for VOC and NOx emissions, and 5%, for PMjy
and PM, s emissions. In 2009, Class I line haul locomotive account for 74%, 72%, 78%, and
78% of VOC, NOx, PMo, and PM» s emissions, respectively. In 2012, Class I line haul
locomotive account for 73%of VOC and NOx emissions, and 78% of PMyy and PM; 5 emissions.

Table 2-5. 2009 LADCO All States Locomqtiye Emissions Projection (fons per day).

| Type NO
Class | Line Haul 156 | 2405
Class W/l 0.7 16.6
Passenger 0.3 5.3
Commuter 0.7 13.3 |
Yard 4.0 59.0
Totals 2121 334.7

Table 2-6. 2012 LADCO All States Locomotlve Emissions Pro;ectlon (tons per day).

‘Locomotive Type i VOC [ NOx | PM;s
Class | Line Haul 15.2 238.3 7.9 7.1
Class {I/ill 0.7 16.5 0.4 0.3
Passenger 0.3 45 0.1 0.1
Commuter 0.7 11.3 0.4 0.3
Yard 4.0 56.1 1.4 1.3
Totals 20.8 326.7 10.1 9..1

Commercial Marine Vessel Emission Inventory

The 2009 and 2012 commercial marine emission inventories are based on annual BaseK
emissions provided by LADCO*®. The 2009 and 2012 commercial marine vessel emission
inventories for the LADCO states are shown in Tables 2-7 and 2-8, respectively. As shown in
these tables, commercial marine vessel emissions remain relatively constant from 2009 to 2012
for VOC, NOx, PMjiq, and PM;s. Figures 2-5 and 2-6 show the emission contributions by vessel
types in 2009 and 2012, respectively. As shown in these figures, deep draft vessels are the
largest contributors to commercial marine vessel emissions. In 2009, deep draft vessels account
for 46%, 49%, 76%, and 76% of VOC, NOx, PM, and PM, s emissions, respectively., In 2012,
deep draft vessels account for 45%, 49%, 76%, and 76% of VOC, NOx, PMyy, and PMz 5
emissions, respectively.

4 LADCO, 20064, 2009 Locomotive and Commercial Marine BaseK Emissions received from Mark Janssen.
September 2006. '

S LADCO, 2006b. 2012 Locomotive and Commercial Marine BaseK Fmissions received from Mark Janssén.
October 2006.
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| _Tugs Diesel 0.6 0.6 0.6
Ferries Diesel 0.1 0.1 0.1
Push Boats Diesel 2.2 2.2 1.9
Excursion Diesel 0.0 0.0 0.0
Dredge Diesel 0.0 0.0 0.0
Support Vessels Diesel 0.0 0.0 0.0
Fishing Vessels Diesel 0.0 0.0 0.0
Military Vessels Diesel 0.0 0.0 0.0
Deep Drait Vessels - Port Residual 0.7 14 1.3
Deep Draft Vessels - o
Underway Residual 2.2 949 7.7 7.0
Fishing Vessels Gasoline 0.0 0.0 0.0 0.0
Military Vessels Gasoline 0.5 0.0 0.0 0.0
Totals 6.3 241.4 121 10.9

Table 2-8. 2012 LADCO Commerc;lal Marine Vessel Emlssmns (ions p@r day)

Ship Type | C i
| Tugs Diesel 0.7 27.2 0.6 0.6
Ferries Diesel 0.1 2.7 0.1 0.1
Push Boats Diesel 2.2 88.9 2.2 2.0
Excursion Diesel 0.0 0.9 0.0 0.0
Dredge Diesel 0.0 0.1 0.0 0.0
Support Vessels Diesel 0.0 0.1 0.0 0.0
Fishing Vessels Diesel 0:0 0.0 0.0 6.0
Military Vessels Diesel 0.0 0.4 0.0 0.0
Deep Draft Vessels - Port Residual 0.7 224 1.4 1.3
Deep Draft Vessels -
Underway Residuali 2.2 94.9 7.7 7.0
Fishing Vessels Gasoline 0.1 0.0 0.0 0.0
Military Vessels (Gasoline 0.5 0.0 0.0 0.0
Totals 6.4 237.7 12.1 10.9
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