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Air Emissions Inventory for the Greater Metropolitan Region of New South Wales
Executive Summary

EXECUTIVE SUMMARY

An air emissions inventory project for off-road mobile sources has take over 2 years to complete. The
base year of the off-road mobile inventory represents activities that took place during the 2008
calendar year and is accompanied by emission projections in yearly increments up to the 2036
calendar year. The area included in the inventory covers the greater Sydney, Newcastle and
Wollongong regions, known collectively as the Greater Metropolitan Region (GMR).

The inventory region defined as the GMR measures 210 km (east-west) by 273 km (north-south). The
inventory region is presented in Table ES-1 and shown in Figure ES-1.

Table ES-1: Definition of Greater Metropolitan, Sydney, Newcastle and Wollongong regions

Greater Metropolitan 210 6159 420 6432
Sydney 261 6201 360 6300
Newcastle 360 6348 408 6372
Wollongong 279 6174 318 6201

The off-road mobile air emissions inventory includes emissions from the following sources/activities:
> Aircraft (flight operations);

> Aircraft (ground operations);

» Commercial boats;

> Commercial off-road vehicles and equipment;

> Industrial off-road vehicles and equipment;

» Locomotives;

» Recreational boats; and

>  Ships.

1 Map Grid of Australia based on the Geocentric Datum of Australia 1994 (GDA9%4) (ICSM, 2006).
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The pollutants inventoried include criteria pollutants specified in the Ambient Air Quality NEPM
(NEPC, 2003), air toxics associated with the National Pollutant Inventory NEPM (NEPC, 2008) and the
Air Toxics NEPM (NEPC, 2004), and any other pollutants associated with state-specific programs, i.e.
Load Based Licensing (Protection of the Environment Operations (General) Regulation 2009 (PCO,
2010b)) and the Protection of the Environment Operations (Clean Air) Regulation 2010 (PCO, 2011).

Figure ES-1: Definition of Greater Metropolitan, Sydney, Newcastle and Wollongong regions
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Table ES-2 presents total estimated annual emissions (for selected substances) from all off-road mobile

sources in the whole GMR and the Sydney, Newcastle and Wollongong regions. Total estimated

annual emissions are also presented for the region defined as Non Urban. This region is the area of the

GMR minus the combined areas of the Sydney, Newcastle and Wollongong regions. The selected

substances were chosen because they:

> Are the most common air pollutants found in airsheds according to the National Pollutant

Inventory NEPM (NEPC, 2008);

> Are referred to in NEPMs for ambient air quality (NEPC, 2003) and air toxics (NEPC, 2004), and

> Have been classified as priority air pollutants (NEPC, 2006).

Table ES-2: Total estimated annual emissions from off-road mobile sources in each region

1,3-BUTADIENE 2.78 18 18 1.16 40
ACETALDEHYDE 9.97 151 47 4.26 212
BENZENE 31 196 164 13 404
CARBON MONOXIDE 3,343 27,975 20,801 1,698 53,817
FORMALDEHYDE 22 333 113 11 478
ISOMERS OF XYLENE 112 596 602 45 1,356
LEAD & COMPOUNDS 5.85 x 102 0.85 1.28 3.0 x 102 222
OXIDES OF NITROGEN 3,548 31,826 16,238 1,598 53,210
PARTICULATE MATTER <10 pm 284 2,185 1,019 119 3,607
PARTICULATE MATTER £2.5 um 266 2,104 952 112 3,433
PERCHLOROETHYLENE 1.77 x 105 6.80 x 105 | 5.80 x 104 1.24 x104 | 7.89 x 104
POLYCYCLIC AROMATIC HYDROCARBONS 0.73 3.18 5.02 0.31 9.24
SULFUR DIOXIDE 1,300 1,246 4,725 553 7,824
TOLUENE 105 566 563 43 1,276
TOTAL SUSPENDED PARTICULATE 294 2,276 1,056 123 3,749
TOTAL VOLATILE ORGANIC COMPOUNDS 1,303 8,715 7,341 591 17,950

Figure ES-2 shows the proportions of total estimated annual emissions (for selected substances) from

off-road mobile sources in the whole GMR and the Sydney, Newcastle, Wollongong and Non Urban

regions.
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Figure ES-2: Proportions of total estimated annual emissions from off-road mobile sources in each
region
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Table ES-3, Table ES-4, Table ES-5, Table ES-6 and Table ES-7 present total estimated annual emissions
(for selected substances) from each off-road mobile source type in the whole GMR and the Sydney,
Newcastle, Wollongong and Non Urban regions, respectively.

Figure ES-3, Figure ES-4, Figure ES-5, Figure ES-6 and Figure ES-7 show the proportions of total
estimated annual emissions (for selected substances) from each off-road mobile source type in the
whole GMR and the Sydney, Newcastle, Wollongong and Non Urban regions, respectively.
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Table ES-3: Total estimated annual emissions by off-road mobile source type in the GMR

1,3-BUTADIENE 3.86 0.13 12 9.42 x 102 6.48 0.95 16|4.71 x 10-2 40
ACETALDEHYDE 9.88 3.68 17 1.01 160 6.93 12 1.82 212
BENZENE 3.91 1.60 134 0.65 65 0.80 193 4.60 404
CARBON MONOXIDE 3,128 1,895 12,153 256 20,431 906 14,585 463 53,817
FORMALDEHYDE 29 8.20 33 2.99 366 15 20 3.84 478
ISOMERS OF XYLENE 1.03 0.76 542 0.60 38 1.72 770 2.35 1,356
LEAD & COMPOUNDS 1.71 4.58 x 10-4 0.17 6.15 x 104 7.32 x 102 2.01 x 102 0.23(2.39 x 102 222
OXIDES OF NITROGEN 1,850 265 4,404 162 30,716 6,087 301 9,425 53,210
PARTICULATE MATTER <10 pm 58 15 193 11 2,094 171 143 922 3,607
PARTICULATE MATTER <2.5 pm 49 14 182 10 2,031 166 132 849 3,433
PERCHLOROETHYLENE - - - 4.96 x 105 7.39 x 104 - - -| 7.89 x104
POLYCYCLIC AROMATIC HYDROCARBONS 2.80 1.52 x 102 0.37 1.73 x 102 2.28 0.45 0.34 2.95 9.24
SULFUR DIOXIDE 167 1.97 15 0.41 64 11 7.46 7,557 7,824
TOLUENE 1.44 1.20 496 0.69 51 1.14 720 4.45 1,276
TOTAL SUSPENDED PARTICULATE 60 15 200 11 2,181 183 148 951 3,749
TOTAL VOLATILE ORGANIC COMPOUNDS 274 113 5,299 32 3,195 358 8,476 204 17,950
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Figure ES-3: Proportions of total estimated annual emissions by off-road mobile source type in the GMR
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Table ES-4: Total estimated annual emissions by off-road mobile source type in the Sydney region

1,3-BUTADIENE 3.54 0.12 5.14 2.93 x 102 0.95 0.46 7.64(2.83 x 102 18
ACETALDEHYDE 9.02 3.54 10 0.51 13 3.33 5.83 1.09 47
BENZENE 3.56 1.47 58 0.23 713 0.38 91 2.63 164
CARBON MONOXIDE 2,407 1,823 5,332 136 3,484 436 6,912 271 20,801
FORMALDEHYDE 26 7.89 21 1.57 37 7.02 9.51 2.30 113
ISOMERS OF XYLENE 0.94 0.72 227 0.17 5.84 0.83 365 1.34 602
LEAD & COMPOUNDS 1.07 441 x 104 7.03 x 102 2.19 x 104 1.03 x 102 9.65 x 103 0.11(1.44 x102 1.28
OXIDES OF NITROGEN 1,771 255 3,319 84 2,600 2,927 143 5,138 16,238
PARTICULATE MATTER <10 um 46 14 114 5.34 150 82 68 539 1,019
PARTICULATE MATTER <2.5 um 41 14 108 518 146 80 62 496 952
PERCHLOROETHYLENE - - - 3.0 x105 5.50 x 10-4 - - -| 5.80 x104
POLYCYCLIC AROMATIC HYDROCARBONS 2.46 1.46 x 102 0.19 8.76 x 103 0.23 0.22 0.16 1.73 5.02
SULFUR DIOXIDE 160 1.89 9.89 0.21 6.10 5.10 3.54 4,538 4,725
TOLUENE 1.33 1.09 209 0.21 7.02 0.55 341 2.55 563
TOTAL SUSPENDED PARTICULATE 47 15 118 5.55 156 88 70 556 1,056
TOTAL VOLATILE ORGANIC COMPOUNDS 253 99 2,296 15 372 172 4,016 117 7,341
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Figure ES-4: Proportions of total estimated annual emissions by off-road mobile source type in the Sydney region
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Table ES-5: Total estimated annual emissions by off-road mobile source type in the Newcastle region

1,3-BUTADIENE 6.34 x 10-2 4.10 x 103 1.59 2.60 x 103 0.27 4.77 x 102 0.79(8.04 x 103 2.78
ACETALDEHYDE 0.16 0.12 1.56 7.38 x 102 6.79 0.35 0.61 0.31 9.97
BENZENE 6.37 x 102 4.74 x 102 18 242 x 102 2.77 4.01 x 102 9.49 0.79 31
CARBON MONOXIDE 41 60 1,566 18 816 46 717 79 3,343
FORMALDEHYDE 047 0.26 2.84 0.22 15 0.73 0.99 0.66 22
ISOMERS OF XYLENE 1.69 x 10-2 2.37 x 102 72 1.28 x 102 1.59 8.63 x 102 38 0.40 112
LEAD & COMPOUNDS 1.70 x 10-2 1.45 x 105 2.19 x 102 245 x 105 3.09 x 103 1.01 x 103 1.14 x10-214.09 x 10-3| 5.85 x 10-2
OXIDES OF NITROGEN 32 8.42 227 12 1,305 306 15 1,643 3,548
PARTICULATE MATTER <10 um 0.80 0.47 18 0.79 90 8.59 7.04 159 284
PARTICULATE MATTER <2.5 um 0.71 0.46 17 0.77 87 8.33 6.48 146 266
PERCHLOROETHYLENE - - - 3.88 x 106 1.38 x 105 - - -1 1.77 x 105
POLYCYCLIC AROMATIC HYDROCARBONS 4.36 x 102 4.82 x 104 4.17 x 102 1.21 x 103 9.60 x 102 2.28 x 102 1.68 x 102 0.51 0.73
SULFUR DIOXIDE 2.88 6.25 x 102 1.16 2.99 x 10-2 2.68 0.53 0.37 1,292 1,300
TOLUENE 2.38 x 10-2 3.52 x 102 66 1.82 x 102 2.16 5.75 x 10-2 35 0.77 105
TOTAL SUSPENDED PARTICULATE 0.82 0.48 18 0.82 94 9.21 7.26 164 294
TOTAL VOLATILE ORGANIC COMPOUNDS 4.55 3.05 690 1.97 133 18 417 35 1,303
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Figure ES-5: Proportions of total estimated annual emissions by off-road mobile source type in the Newcastle region
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Table ES-6: Total estimated annual emissions by off-road mobile source type in the Wollongong region

1,3-BUTADIENE 4.53 x 103 7.77 x 102 4.33 x 104 0.19 3.92 x 102 0.843.77 x 103 1.16
ACETALDEHYDE 1.22 x 102 8.64 x 102 1.23 x 102 3.07 0.29 0.64 0.15 4.26
BENZENE 5.02 x 103 0.87 4.65 x 103 1.50 3.30 x 10-2 10 0.35 13
CARBON MONOXIDE 13 77 1.38 770 37 762 37 1,698
FORMALDEHYDE 3.90 x 102 0.16 2.83 x 102 8.62 0.60 1.05 0.31 11
ISOMERS OF XYLENE 1.25 x 103 3.53 243 x 103 1.15 7.10 x 102 40 0.18 45
LEAD & COMPOUNDS 1.22 x10-2 1.07 x 103 4.84 x 106 2.05 x 103 8.30 x 104 1.21 x10-2|1.75 x 103 3.0 x 102
OXIDES OF NITROGEN 0.57 16 1.85 607 252 16 706 1,598
PARTICULATE MATTER <10 pm 0.22 0.98 0.15 35 7.06 7.48 68 119
PARTICULATE MATTER <2.5 um 0.15 091 0.15 34 6.85 6.89 62 112
PERCHLOROETHYLENE - - 6.91 x 108 1.24 x 104 - - - 1.24 x 104
POLYCYCLIC AROMATIC HYDROCARBONS 5.43 x 103 2.15 x 103 1.67 x 104 5.33 x102 1.87 x 102 1.79 x 102 0.22 0.31
SULFUR DIOXIDE 6.15 x 102 6.87 x 102 3.99 x 103 1.41 0.44 0.39 551 553
TOLUENE 1.48 x 103 3.23 3.43 x 103 1.41 4.73 x 102 38 0.34 43
TOTAL SUSPENDED PARTICULATE 0.22 1.01 0.16 37 7.58 7.72 70 123
TOTAL VOLATILE ORGANIC COMPOUNDS 0.26 34 0.24 83 15 443 16 591
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Figure ES-6: Proportions of total estimated annual emissions by off-road mobile source type in the Wollongong region
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Table ES-7: Total estimated annual emissions by off-road mobile source type in the Non Urban region

1,3-BUTADIENE 0.26 7.79 x 104 524 6.19 x 102 5.06 0.41 6.84(7.05 x 103 18
ACETALDEHYDE 0.69 2.22 x 10-2 5.35 0.41 137 2.96 5.23 0.27 151
BENZENE 0.28 8.32 x 102 58 0.40 54 0.34 82 0.82 196
CARBON MONOXIDE 667 11 5178 100 15,361 387 6,194 76 27,975
FORMALDEHYDE 218 4.94 x 10-2 9.79 1.18 305 6.24 8.52 0.58 333
ISOMERS OF XYLENE 7.09 x 102 1.48 x 102 239 0.41 29 0.73 327 0.42 596
LEAD & COMPOUNDS 0.61 2.76 x 10-¢6 7.24 x 102 3.66 x 104 5.78 x 10-2 8.58 x 103 9.80 x10-2|3.67 x 10-3 0.85
OXIDES OF NITROGEN 46 1.60 843 64 26,204 2,602 128 1,938 31,826
PARTICULATE MATTER <10 um 11 8.84 x 102 61 4.42 1,818 73 61 157 2,185
PARTICULATE MATTER <2.5 um 7.87 8.68 x 102 57 429 1,764 71 56 145 2,104
PERCHLOROETHYLENE - - - 1.56 x 105 5.23 x 105 - - -| 6.80x103
POLYCYCLIC AROMATIC HYDROCARBONS 0.29 9.15 x 105 0.14 719 x 103 1.90 0.19 0.15 0.50 3.18
SULFUR DIOXIDE 4.62 1.19 x 102 4.07 0.16 53 4.54 3.17 1,176 1,246
TOLUENE 8.61 x 10-2 7.05 x 102 218 0.46 41 0.49 306 0.79 566
TOTAL SUSPENDED PARTICULATE 11 9.21 x 102 63 4.60 1,894 78 63 162 2,276
TOTAL VOLATILE ORGANIC COMPOUNDS 16 11 2,279 15 2,607 153 3,599 36 8,715
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Figure ES-7: Proportions of total estimated annual emissions by off-road mobile source type in the Non Urban region
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Table ES-8 presents total estimated fuel consumption from all off-road mobile sources in the GMR by

volume and energy content.

Table ES-8: Total estimated annual fuel consumption from off-road mobile sources by volume and
energy content in the GMR

2-Stroke petrol 63,776 2,181
4-Stroke petrol 17,090 584
Avgas 2,009 66
Avtur 178,129 6,555
Diesel 1,014,171 39,147
LPG 21,780 555
Marine diesel oil 18,589 706
Marine gas oil 3,053 111
Residual oil 145,424 5,748
Grand Total 1,464,021 55,655

Figure ES-8 and Figure ES-9 show total estimated fuel consumption from all off-road mobile sources

in the GMR by volume and energy content, respectively.

Figure ES-8: Total estimated annual fuel consumption from off-road mobile sources by volume in
the GMR
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Figure ES-9: Total estimated annual fuel consumption from off-road mobile sources by energy
content in the GMR

Table ES-9 and Table ES-10 present total estimated fuel consumption by off-road mobile source type
in the GMR by volume and energy content, respectively.

Figure ES-10 and Figure ES-11 show total estimated fuel consumption by off-road mobile source type
in the GMR by volume and energy content, respectively.
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Table ES-9: Total estimated annual fuel consumption by off-road mobile source type and volume in the GMR

Aircraft ground operations - diesel - - - - 23,858 - - - - 23,858
Aircraft flight operations - avgas - - | 2,009 - - - - - - 2,009
Aircraft flight operations - avtur - - -1 178,129 - - - - - 178,129
Commercial boats - diesel - - - - 120,180 - - - - 120,180
Commercial boats - petrol 2 stroke 25,501 - - - - - - - - 25,501
Commercial boats - petrol 4 stroke - 7,070 - - - - - - - 7,070
Commercial vehicles and equipment - diesel - - - - 3,128 - - - - 3,128
Commercial vehicles and equipment - gas - - - - - | 1,332 - - - 1,332
Commercial vehicles and equipment - petrol - 57 - - - - - - - 57
Industrial vehicles and equipment - diesel - - - - 737,337 - - - - 737,337
Industrial vehicles and equipment - gas - - - - - | 20,448 - - - 20,448
Industrial vehicles and equipment - petrol - 2,092 - - - - - - - 2,092
Locomotives - line haul - - - - 114,170 - - - - 114,170
Locomotives - passenger - - - - 14,666 - - - - 14,666
Recreational boats - diesel - - - - 831 - - - - 831
Recreational boats - petrol 2 stroke 38,275 - - - - - - - - 38,275
Recreational boats - petrol 4 stroke - 7,871 - - - - - - - 7,871
Ships auxiliary boiler - diesel oil - - - - - - 5,881 - - 5,881
Ships auxiliary boiler - gas oil - - - - - - - 843 - 843
Ships auxiliary boiler - residual oil - - - - - - - - 37,264 37,264
Ships auxiliary engine - diesel oil - - - - - - 6,396 - - 6,396
Ships auxiliary engine - gas oil - - - - - - - 845 - 845
Ships auxiliary engine - residual oil - - - - - - - - 37,921 37,921
Ships main engine - diesel oil - - - - - - 6,313 - - 6,313
Ships main engine - gas oil - - - - - - - 1,365 - 1,365
Ships main engine - residual oil - - - - - - - - 70,239 70,239
Grand Total 63,776 17,090 | 2,009 | 178,129 | 1,014,171 | 21,780 18,589 3,053 145,424 1,464,021
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Table ES-10: Total estimated annual fuel consumption by off-road mobile source type and energy content in the GMR

Aircraft ground operations - diesel - - - - 921 - - - - 921
Aircraft flight operations - avgas - - 66 - - - - - - 66
Aircraft flight operations - avtur - - -| 6,555 - - - - - 6,555
Commercial boats - diesel - - - - 4,639 - - - - 4,639
Commercial boats - petrol 2 stroke 872 - - - - - - - - 872
Commercial boats - petrol 4 stroke - 242 - - - - - - - 242
Commercial vehicles and equipment - diesel - - - - 121 - - - - 121
Commercial vehicles and equipment - gas - - - - - 34 - - - 34
Commercial vehicles and equipment - petrol - 2 - - - - - - - 2
Industrial vehicles and equipment - diesel - - - - | 28461 - - - - 28,461
Industrial vehicles and equipment - gas - - - - -| 521 - - - 521
Industrial vehicles and equipment - petrol - 72 - - - - - - - 72
Locomotives - line haul - - - - 4,407 - - - - 4,407
Locomotives - passenger - - - - 566 - - - - 566
Recreational boats - diesel - - - - 32 - - - - 32
Recreational boats - petrol 2 stroke 1,309 - - - - - - - - 1,309
Recreational boats - petrol 4 stroke - 269 - - - - - - - 269
Ships auxiliary boiler - diesel oil - - - - - - 223 - - 223
Ships auxiliary boiler - gas oil - - - - - - - 31 - 31
Ships auxiliary boiler - residual oil - - - - - - - - 1,473 1,473
Ships auxiliary engine - diesel oil - - - - - - 243 - - 243
Ships auxiliary engine - gas oil - - - - - - - 31 - 31
Ships auxiliary engine - residual oil - - - - - - - - 1,499 1,499
Ships main engine - diesel oil - - - - - - 240 - - 240
Ships main engine - gas oil - - - - - - - 50 - 50
Ships main engine - residual oil - - - - - - - - 2,776 2,776
Grand Total 2,181 584 66 | 6,555 | 39,147 | 555 706 111 5,748 55,655
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Figure ES-10: Total estimated annual fuel consumption by off-road mobile source type and volume in the GMR
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Figure ES-11: Total estimated annual fuel consumption by off-road mobile source type and energy content in the GMR
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1 INTRODUCTION

An air emissions inventory project for off-road mobile sources has taken over 2 years to complete. The
base ye ar of t he off-road m obile invent ory repres ents act ivities t hat t ook place du ring t he 2008

calendar ye ar an d is accompanied b y em ission p rojections in yearly i ncrements up to the 203 6
calendar ye ar. The area included in the inventory covers the gre ater Syd ney, Newcastle and

Wollongong regions, known collectively as the Greater Metropolitan Region (GMR).

The purpose of this document is to present the em ission estimation methodologies and results of the
off-road mobile air emissions inventory. The information is structured as follows:

> A description of the off-road mobile air emissions inventory specification (Section 2) including;:
0 The inventory year (Section 2.1);
0 A description of the inventory region (Section 2.2);
0 A description of the grid coordinate system (Section 2.3);
0 A description of emission sources considered (Section 2.4);
0 A description of the pollutants evaluated (Section 2.5); and
0 A broad discussion of the methodology (Section 2.6).

> The emission estimation methodology; and activity, spatial, temporal and projection factor data
presented by off-road mobile source type (Section 3).

> An emission summary (for selected substances) pres ented by of f-road mobile source type in the
whole GMR and the Sydney, Newcastle, Wollongong and Non Urban regions (Section 3).

> An emissions summary (for selected s ubstances) presented for all off-ro ad mobile sources in the
whole GMR and the Sydney, Newcastle, Wollongong and Non Urban regions (Section 4).

> A complete list of references (Section 5).

> Total off -road mobile emiss ions of a 1l subst ances e mitted in the whole GMR and the Sydney ,
Newcastle, Wollongong and Non Urban regions (Appendix A. Estimated Annual Emissions of all
Substances from Off-Road Mobile Sources).

> Industrial survey questionnaire form u sed to obtain activity data for ind ustrial off-road vehicles
and equipment (Appendix B. Industrial Survey Questionnaire Form).

> Domestic survey questionnaire form used to obtain activity data for recreational boats (Appendix
C. Domestic Survey Questionnaire Form).
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2 INVENTORY SPECIFICATIONS

21 The Inventory Year

The off-road mobile air emissions inventory results presented in this report are based on activities that
took place in the 2008 calendar year.

2.2 The Inventory Region

The inventory region defined as the GMR measures 210 km (east-west) by 273 km (north-south). The
inventory region is presented in Table 2-1 and shown in Figure 2-1.

Table 2-1: Definition of Greater Metropolitan, Sydney, Newcastle and Wollongong regions

Greater Metropolitan 210 6159 420 6432
Sydney 261 6201 360 6300
Newcastle 360 6348 408 6372
Wollongong 279 6174 318 6201

2 Map Grid of Australia based on the Geocentric Datum of Australia 1994 (GDA94) (ICSM, 2006).




Air Emissions Inventory for the Greater Metropolitan Region of New South Wales
2. Inventory Specifications

Figure 2-1: Definition of Greater Metropolitan, Sydney, Newcastle and Wollongong regions

2.3  Grid Coordinate System

The grid coordinate system used for the off-road mobile air emissions inventory uses 1 km by 1 km
grid cells. The grid coordinates start from the bottom left corner having index number with Easting
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(km) in the horizontal and Northing (km) in the vertical direction. The grid coordinate system is
shown in Figure 2-2.

(211, 6161)

Northing (km)

(210, 6159)

210 211 212
Easting (km)

Figure 2-2: Grid coordinate system

2.4 Emission Sources Considered

The off-road mobile air emissions inventory includes emissions from the following sources/activities:
> Aircraft (flight operations);

> Aircraft (ground operations);

» Commercial boats;

> Commercial off-road vehicles and equipment;

> Industrial off-road vehicles and equipment;

» Locomotives;

» Recreational boats; and

> Ships.

2.5 Pollutants Evaluated

The following pollutants have been considered:

> Substances included in the National Environment Protection (National Pollutant Inventory) Measure
(NEPC, 2008);

> Pollutants included in the National Environment Protection (Ambient Air Quality) Measure (NEPC,
2003);

> Pollutants included in the National Environment Protection (Air Toxics) Measure (NEPC, 2004);
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>

2.6

Pollutants associated with the Protection of the Environment Operations (Clean Air) Regulation 2010
(PCO, 2011);

Air pollutants associated with the Protection of the Environment Operations (General) Regulation 2009
(PCO, 2010b);

Speciation of oxides of nitrogen (i.e. NO and NO,) for photochemical modelling (USEPA, 2003)3;
Speciated organic compounds for photochemical modelling sourced from Carter (2010);

Speciated particulate emissions (i.e. TSP (total suspended particulate), PMio (particulate matter
with an aerodynamic diameter < 10 pm) and PMas (particulate matter with an aerodynamic
diameter < 2.5 pm));

Environment Protection Authority of Victoria air toxic pollutants sourced from Hazardous Air
Pollutants - A Review of Studies Performed in Australia and New Zealand (EPAV, 1999);

Commonwealth Government Air Toxics Program Technical Advisory Group (13 March 2000)
priority air pollutants (EA, 2001);

U.S. Environmental Protection Agency list of 189 Hazardous Air Pollutants (USEPA, 2010);

Air pollutants included in the Office of Environmental Human Health Assessment (OEHHA)/ Air
Resources Board (ARB) ‘hot spots” list (CARB, 2011);

EPA regulated pollutants with design ground level concentrations (DEC, 2005);
USEPA 16 priority polycyclic aromatic hydrocarbons (PAH) (Keith et. al., 1979);

WHO97 polychlorinated dibenzo-p-dioxins (PCDD), polychlorinated dibenzofurans (PCDF) and
polychlorinated biphenyls (PCB) (Van den Berg et. al., 1998); and

Greenhouse gases (i.e. carbon dioxide, methane and nitrous oxide) included in the National
Greenhouse Accounts (NGA) Factors (DCCEE, 2010).

Methodology Overview

This section contains a broad overview of the methodology used to develop the off-road mobile air

emissions inventory, while specific details are provided in Section 3.

3 The default NOy speciation profile used in the inventory is 95% NO and 5% NO..
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The methodology used to develop the off-road mobile air emissions inventory involves the following
steps:

2.6.1 Identify Sources

Off-road mobile sources considered in this report include all sources defined in Section 2.4 with the
potential for air emissions in the GMR.

Off-road mobile air emission sources have been identified from a number of different sources
including:

> ARB's Emissions Inventory, Area-Wide Source Methodologies, Index of Methodologies by Major Category
(CARB, 2008a);

> EMEP/EEA air pollutant emission inventory guidebook 2009 (EEA, 2009);

> USEPA AP 42, Fifth Edition, Compilation of Air Pollutant Emission Factors, Volume 1: Stationary Point
and Area Sources (USEPA, 1995);

> USEPA Emission Inventory Improvement Program, EIIP Technical Report Series, Volumes 1-10 (USEPA,
2007a);

> USEPA 2008 National Emissions Inventory Data (USEPA, 2011a); and
> USEPA Nonroad Engines, Equipment, and Vehicles (USEPA, 2011b).

2.6.2 Select Emission Estimation Methodologies

Emissions have been estimated by combining activity data with emission factors. The emissions have
been allocated spatially to each 1 km by 1 km grid cell, and temporally to months,
weekdays/weekend days and hours. Emissions have been estimated using estimation methodologies
and emission factors sourced from references presented in Table 2-2.

Table 2-2: Off-road mobile estimation methodologies and emission factors

- Documentation for Aircraft Component of the National
Emissions Inventory Methodology (ERG, 2011a)

Methodology - Emissions and Dispersion Modeling System (EDMS) v5.1.2
(FAA, 2009)
- Emissions and Dispersion Modeling System (EDMS) v5.1.2
. . Criteria pollutants: (FAA, 2009)
A1rcraft (flight CO, NO,, PM25, PM1o, | -  Documentation for Aircraft, Commercial Marine Vessel,
operations) SO, and VOC Locomotive, and other NonRoad Components of the National

Emissions Inventory, Volume I - Methodology (Pechan, 2005)

- California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2008b)

Criteria pollutants:
TSP

Speciated NOy - Technology Transfer Network - Clearinghouse for Inventories &
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Emissions Factors (USEPA, 2003)

Speciated VOC

Emissions and Dispersion Modeling System (EDMS) v5.1.2
(FAA, 2009)

Organic air toxics

Emissions and Dispersion Modeling System (EDMS) v5.1.2
(FAA, 2009)

Metal air toxics

Documentation for Aircraft Component of the National
Emissions Inventory Methodology (ERG, 2011a)
Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2007)

Polycyclic aromatic

Documentation for Aircraft, Commercial Marine Vessel,

hydrocarbons: Locomotive, and other NonRoad Components of the National
PAH Emissions Inventory, Volume I - Methodology (Pechan, 2005)
Polychlorinated

dibenzo-p-dioxins

Documentation for Aircraft, Commercial Marine Vessel,

d
;nl Hlorinated Locomotive, and other NonRoad Components of the National
? yeorihate Emissions Inventory, Volume I - Methodology (Pechan, 2005)
dibenzofurans:
PCDD and PCDF
. Estimating Ammonia Emissions from Anthropogenic Non-
Ammonia

Agricultural Sources — Draft Final Report (Pechan, 2004)

Greenhouse gases:
CH4, COz and NzO

Emissions and Dispersion Modeling System (EDMS) v5.1.2
(FAA, 2009)

Climate Leaders Greenhouse Gas Inventory Protocol Core
Module Guidance, Direct Emissions from Mobile Combustion
Sources (USEPA, 2008a)

Aircraft (ground
operations)

Methodology

Documentation for Aircraft Component of the National
Emissions Inventory Methodology (ERG, 2011a)

Emissions and Dispersion Modeling System (EDMS) v5.1.2
(FAA, 2009)

AP 42, Fifth Edition, Volume I, Chapter 5: Petroleum Industry,
5.2 Transportation and Marketing of Petroleum Liquids
(USEPA, 2008b)

Criteria pollutants:
CO, NOy, PM; 5, PMy,
50, and VOC

Emissions and Dispersion Modeling System (EDMS) v5.1.2
(FAA, 2009)

AP 42, Fifth Edition, Volume I, Chapter 7: Liquid Storage
Tanks, 7.1 Organic Liquid Storage Tanks (USEPA, 2006)

AP 42, Fifth Edition, Volume I, Chapter 5: Petroleum Industry,
5.2 Transportation and Marketing of Petroleum Liquids
(USEPA, 2008b)

Criteria pollutants:
TSP

California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2008b)

Speciated NOy

Technology Transfer Network - Clearinghouse for Inventories &
Emissions Factors (USEPA, 2003)

Speciated VOC

Documentation for Aircraft, Commercial Marine Vessel,
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Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)
Air Emissions Inventory for the Greater Metropolitan Region in
NSW, Commercial Emissions Module: Results (DECC, 2007a)

Organic air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)
Air Emissions Inventory for the Greater Metropolitan Region in
NSW, Commercial Emissions Module: Results (DECC, 2007a)

Metal air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2007)

Polycyclic aromatic

Documentation for Aircraft, Commercial Marine Vessel,

hydrocarbons: Locomotive, and other NonRoad Components of the National
PAH Emissions Inventory, Volume I - Methodology (Pechan, 2005)
Polychlorinated

dibenzo-p-dioxins

Documentation for Aircraft, Commercial Marine Vessel,

d
Ia’nl hlorinated Locomotive, and other NonRoad Components of the National
? yetloriate Emissions Inventory, Volume I - Methodology (Pechan, 2005)
dibenzofurans:
PCDD and PCDF
. Estimating Ammonia Emissions from Anthropogenic Non-
Ammonia

Agricultural Sources — Draft Final Report (Pechan, 2004)

Greenhouse gases:

NONROAD2008a Model (USEPA, 2009a)
Climate Leaders Greenhouse Gas Inventory Protocol Core

Commercial boats

CHjy, CO; and N,O Module Guidance, Direct Emissions from Mobile Combustion
Sources (USEPA, 2008a)
Current Methodologies in Preparing Mobile Source Port-Related
Methodology Emission Inventories (ICF, 2009)

NONROAD2008a Model (USEPA, 2009a)

Criteria pollutants:
CO, NOy, PM; 5, PMy,
50, and VOC

NONROAD2008a Model (USEPA, 2009a)

Criteria pollutants:
TSP

California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2008b)

Technology Transfer Network - Clearinghouse for Inventories &

Speciated NOx .
peciate Emissions Factors (USEPA, 2003)
Documentation for Aircraft, Commercial Marine Vessel,
) Locomotive, and other NonRoad Components of the National
Speciated VOC

Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
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(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)

Organic air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)

Metal air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2007)

Polycyclic aromatic

Documentation for Aircraft, Commercial Marine Vessel,

hydrocarbons: Locomotive, and other NonRoad Components of the National
PAH Emissions Inventory, Volume I - Methodology (Pechan, 2005)
Polychlorinated

dibenzo-p-dioxins

Documentation for Aircraft, Commercial Marine Vessel,

d
;nl Hlorinated Locomotive, and other NonRoad Components of the National
? yeoriate Emissions Inventory, Volume I - Methodology (Pechan, 2005)
dibenzofurans:
PCDD and PCDF
. Estimating Ammonia Emissions from Anthropogenic Non-
Ammonia

Agricultural Sources — Draft Final Report (Pechan, 2004)

Greenhouse gases:

NONROAD2008a Model (USEPA, 2009a)
Climate Leaders Greenhouse Gas Inventory Protocol Core

Commercial off-road
vehicles and

equipment

CH,, CO; and N,O Module Guidance, Direct Emissions from Mobile Combustion
Sources (USEPA, 2008a)
Documentation for the 2008 Mobile Source National Emissions
Methodology Inventory (Pechan, 2011)

NONROAD2008a Model (USEPA, 2009a)

Criteria pollutants:
CO, NOy, PMz5, PMyq,
SOz and VOC

NONROAD2008a Model (USEPA, 2009a)

Criteria pollutants:
TSP

California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2008b)

Technology Transfer Network - Clearinghouse for Inventories &

Speciated NO, .
Emissions Factors (USEPA, 2003)
Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
Speciated VOC California Emission Inventory and Reporting System

(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)
AP 42, Fifth Edition, Volume I Chapter 3: Stationary Internal
Combustion Sources, 3.2 Natural Gas-fired Reciprocating
Engines (USEPA, 2000a)

Organic air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
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California Emission Inventory and Reporting System
(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)
AP 42, Fifth Edition, Volume I Chapter 3: Stationary Internal
Combustion Sources, 3.2 Natural Gas-fired Reciprocating
Engines (USEPA, 2000a)

Metal air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2007)

AP 42, Fifth Edition, Volume I Chapter 3: Stationary Internal
Combustion Sources, 3.2 Natural Gas-fired Reciprocating
Engines (USEPA, 2000a)

Polycyclic aromatic

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)

?}l;d}rlocarbons: AP 42, Fifth Edition, Volume I Chapter 3: Stationary Internal
Combustion Sources, 3.2 Natural Gas-fired Reciprocating
Engines (USEPA, 2000a)

Polychlorinated

dibenzo-p-dioxins

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National

d
Ia’nl hlorinated Emissions Inventory, Volume I - Methodology (Pechan, 2005)
d?byc c;rma e. Australian Inventory of Dioxin Emissions 2004, National
tbenzotutans: Dioxins Program Technical Report No. 3 (Bawden et. al., 2004)
PCDD and PCDF
. Estimating Ammonia Emissions from Anthropogenic Non-
Ammonia

Agricultural Sources — Draft Final Report (Pechan, 2004)

Greenhouse gases:

NONROAD2008a Model (USEPA, 2009a)
Climate Leaders Greenhouse Gas Inventory Protocol Core
Module Guidance, Direct Emissions from Mobile Combustion

Industrial off-road
vehicles and

equipment

CHyjy, CO; and N,O Sources (USEPA, 2008a)
AP 42, Fifth Edition, Volume I, Chapter 1: External Combustion
Sources, 1.4 Natural Gas Combustion (USEPA, 1998)
Documentation for the 2008 Mobile Source National Emissions
Methodology Inventory (Pechan, 2011)

NONROAD2008a Model (USEPA, 2009a)

Criteria pollutants:
CO, NOy, PM; 5, PMy,
50, and VOC

NONROAD2008a Model (USEPA, 2009a)

Criteria pollutants:
TSP

California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2008b)

Technology Transfer Network - Clearinghouse for Inventories &

Speciated NOx Emissions Factors (USEPA, 2003)
Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Speciated VOC Emissions Inventory, Volume I - Methodology (Pechan, 2005)

California Emission Inventory and Reporting System
(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)
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AP 42, Fifth Edition, Volume I Chapter 3: Stationary Internal
Combustion Sources, 3.2 Natural Gas-fired Reciprocating
Engines (USEPA, 2000a)

Organic air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)
AP 42, Fifth Edition, Volume I Chapter 3: Stationary Internal
Combustion Sources, 3.2 Natural Gas-fired Reciprocating
Engines (USEPA, 2000a)

Metal air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2007)

AP 42, Fifth Edition, Volume I Chapter 3: Stationary Internal
Combustion Sources, 3.2 Natural Gas-fired Reciprocating
Engines (USEPA, 2000a)

Polycyclic aromatic

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)

}llid};ocarbons: AP 42, Fifth Edition, Volume I Chapter 3: Stationary Internal
Combustion Sources, 3.2 Natural Gas-fired Reciprocating
Engines (USEPA, 2000a)

Polychlorinated

dibenzo-p-dioxins

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National

d
an . Emissions Inventory, Volume I - Methodology (Pechan, 2005)
Polychlorinated ) - . .
dib ; . Australian Inventory of Dioxin Emissions 2004, National
tbenzotutans: Dioxins Program Technical Report No. 3 (Bawden et. al., 2004)
PCDD and PCDF
. Estimating Ammonia Emissions from Anthropogenic Non-
Ammonia

Agricultural Sources — Draft Final Report (Pechan, 2004)

Greenhouse gases:

NONROAD2008a Model (USEPA, 2009a)
Climate Leaders Greenhouse Gas Inventory Protocol Core
Module Guidance, Direct Emissions from Mobile Combustion

Locomotives

CH,4, COz and N,O Sources (USEPA, 2008a)
AP 42, Fifth Edition, Volume I, Chapter 1: External Combustion
Sources, 1.4 Natural Gas Combustion (USEPA, 1998)
Methodology Documentation for Locomotive Component of the National

Emissions Inventory Methodology (ERG, 2011b)

Criteria pollutants:
CO, NOy, PM2 5, PM1g,
50, and VOC

Emission Factors for Locomotives (USEPA, 2009b)
NONROAD2008a Model (USEPA, 2009a)

Criteria pollutants:
TSP

California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2008b)

Speciated NOy

Technology Transfer Network - Clearinghouse for Inventories &
Emissions Factors (USEPA, 2003)
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Speciated VOC

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)

Organic air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)

Metal air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2007)

Polycyclic aromatic

Documentation for Aircraft, Commercial Marine Vessel,

hydrocarbons: Locomotive, and other NonRoad Components of the National
PAH Emissions Inventory, Volume I - Methodology (Pechan, 2005)
Polychlorinated

dibenzo-p-dioxins

Documentation for Aircraft, Commercial Marine Vessel,

d
Ia’nl hlorinated Locomotive, and other NonRoad Components of the National
? yetloriate Emissions Inventory, Volume I - Methodology (Pechan, 2005)
dibenzofurans:
PCDD and PCDF
. Estimating Ammonia Emissions from Anthropogenic Non-
Ammonia

Agricultural Sources — Draft Final Report (Pechan, 2004)

Greenhouse gases:

NONROAD2008a Model (USEPA, 2009a)
Climate Leaders Greenhouse Gas Inventory Protocol Core

Recreational boats

CH,, CO; and N,O Module Guidance, Direct Emissions from Mobile Combustion
Sources (USEPA, 2008a)
Current Methodologies in Preparing Mobile Source Port-Related
Methodology Emission Inventories (ICF, 2009)

NONROAD2008a Model (USEPA, 2009a)

Criteria pollutants:
CO, NOy, PM2.5, PMiy,
50Oz and VOC

NONROAD2008a Model (USEPA, 2009a)

Criteria pollutants:
TSP

California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2008b)

Technology Transfer Network - Clearinghouse for Inventories &

Speciated NOy o
Emissions Factors (USEPA, 2003)
Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Speciated VOC Emissions Inventory, Volume I - Methodology (Pechan, 2005)

California Emission Inventory and Reporting System
(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)

Organic air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
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Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)

Metal air toxics

Documentation for Aircraft, Commercial Marine Vessel,
Locomotive, and other NonRoad Components of the National
Emissions Inventory, Volume I - Methodology (Pechan, 2005)
California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2007)

Polycyclic aromatic

Documentation for Aircraft, Commercial Marine Vessel,

hydrocarbons: Locomotive, and other NonRoad Components of the National
PAH Emissions Inventory, Volume I - Methodology (Pechan, 2005)
Polychlorinated

dibenzo-p-dioxins

Documentation for Aircraft, Commercial Marine Vessel,

d
?’nl hlorinated Locomotive, and other NonRoad Components of the National
? yeorihate Emissions Inventory, Volume I - Methodology (Pechan, 2005)
dibenzofurans:
PCDD and PCDF
. Estimating Ammonia Emissions from Anthropogenic Non-
Ammonia

Agricultural Sources — Draft Final Report (Pechan, 2004)

Greenhouse gases:

NONROAD2008a Model (USEPA, 2009a)
Climate Leaders Greenhouse Gas Inventory Protocol Core

Ships

CH,, CO; and N,O Module Guidance, Direct Emissions from Mobile Combustion
Sources (USEPA, 2008a)
Current Methodologies in Preparing Mobile Source Port-Related
Emission Inventories (ICF, 2009)

Methodology AP 42, Fifth Edition, Volume I, Chapter 5: Petroleum Industry,

5.2 Transportation and Marketing of Petroleum Liquids
(USEPA, 2008b)

Criteria pollutants:
CO, NOy, PM; 5, PMy,
50, and VOC

Methodology for Calculating Emissions from Ships: 1. Update of
Emission Factors (Cooper et. al., 2004)

Quantification of Emissions from Ships Associated with Ship
Movements between Ports in the European Community (Entec,
2002)

Current Methodologies in Preparing Mobile Source Port-Related
Emission Inventories (ICF, 2009)

AP 42, Fifth Edition, Volume I, Chapter 7: Liquid Storage
Tanks, 7.1 Organic Liquid Storage Tanks (USEPA, 2006)

AP 42, Fifth Edition, Volume I, Chapter 5: Petroleum Industry,
5.2 Transportation and Marketing of Petroleum Liquids
(USEPA, 2008b)

Criteria pollutants:
TSP

California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2008b)

Speciated NOy

Technology Transfer Network - Clearinghouse for Inventories &
Emissions Factors (USEPA, 2003)

Speciated VOC

California Emission Inventory and Reporting System
(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)

Organic air toxics

California Emission Inventory and Reporting System
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(CEIDARS), Organic Gas Speciation Profiles (CARB, 2005)

Metal air toxics

Methodology for Calculating Emissions from Ships: 1. Update of
Emission Factors (Cooper et. al., 2004)

California Emission Inventory and Reporting System
(CEIDARS), Particulate Matter (PM) Speciation Profiles
(CARB, 2007)

Polycyclic aromatic

Exhaust Emissions from High Speed Passenger Ferries (Cooper,
2001)

hydrocarbons: Exhaust Emissions from Ships at Berth (Cooper, 2003)

PAH Methodology for Calculating Emissions from Ships: 1. Update of
Emission Factors (Cooper et. al., 2004)

Polychlorinated

dibenzo-p-dioxins

and HCB, PCB, PCDD and PCDF Emissions from Ships (Cooper,
Polychlorinated 2004)
dibenzofurans:
PCDD and PCDF

Methodol Calculating Emissi Ships: 1. Updat
Ammonia ethodology for Calculating Emissions from Ships pdate of

Emission Factors (Cooper et. al., 2004)

Greenhouse gases:
CH4, COz and Nzo

Methodology for Calculating Emissions from Ships: 1. Update of
Emission Factors (Cooper et. al., 2004)

Current Methodologies in Preparing Mobile Source Port-Related
Emission Inventories (ICF, 2009)

Detailed emission estimation methodologies for each off-road mobile source are presented in Section

3.

2.6.3 Acquire Activity, Spatial and Temporal Data

Activity, spatial and temporal data have been acquired from a number of government departments

and service providers. Emissions have been estimated using activity, spatial and temporal data

sourced from the references presented in Table 2-3, Table 2-4 and Table 2-5.

Table 2-3: Off-road mobile activity data

Aircraft (flight
operations)

- Camden and Williamtown
Aero Data 2008 (ASA, 2009a)

Landing-takeoff cycle (LTO) data for Bankstown, - Bankstown and Sydney Aero

Belmont, Camden, Cessnock, Hoxton Park, Sydney,
Warnervale, Williamtown and Wollongong airports to
estimate aircraft emissions

Data 2008 (ASA, 2009b)
Belmont, Cessnock, Hoxton
Park, Warnervale and
Wollongong Aero Data 2008
(BITRE, 2010)

Aircraft (ground
operations)

Landing-takeoff cycle (LTO) data for Bankstown,
Belmont, Camden, Cessnock, Hoxton Park, Sydney,
Warnervale, Williamtown and Wollongong airports to
estimate ground support equipment (GSE) and auxiliary

Camden and Williamtown
Aero Data 2008 (ASA, 2009a)
Bankstown and Sydney Aero
Data 2008 (ASA, 2009b)
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power unit (APU) emissions

Belmont, Cessnock, Hoxton
Park, Warnervale and
Wollongong Aero Data 2008
(BITRE, 2010)

Avgas and Avtur sales data to estimate storage, transfer

and refuelling emissions

Australian Petroleum
Statistics — 2008, Issue 138
January 2008 to Issue 149
December 2008 (DRET, 2009)

Commercial

boats

Commercial boat type, number and fleet composition

Schedule ferry services

Our Fleet, Central Coast
Ferries Pty Ltd (CCF, 2010)
About the Ferries, Church
Point Ferry Service (CPFS,
2010)

Ferries to Bundeena, Cronulla
Ferries (CF, 2010)
Australia’s Last Riverboat
Postman, Hawkesbury River
Tourist Services Pty Ltd
(HRTS, 2010)

Charter Vessels - Bass and
Flinders, Bass and Flinders
Cruises (BFC, 2010)

The Fleet, Matilda Cruises
(MC, 2010)

Our Fleet, Fantasea Palm
Beach (FPB, 2010)

Fleet Facts, Sydney Ferries
(SF, 2010)

Commercial fishing boats

Commercial Catch Records,
NSW DPI ComCatch &
LobCatch 18-07-05 Extraction
(NSW DPI, 2005)

NSW Maritime 2008 Annual
Report (NSW Maritime,
2008)

NSW Maritime 2009 Annual
Report (NSW Maritime,
2009)

The Outboard Motor Market
in NSW, Actual Sales Data
2003 to 2005 and Projected
Sales Data 2006 to 2010 for
NSW and the GMR (OEDA,
2005)

Other commercial boats

Vessels that have Certificates of
Survey within NSW (NSW
Maritime, 2005)

NSW Maritime 2008 Annual
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Report (NSW Maritime,
2008)

NSW Maritime 2009 Annual
Report (NSW Maritime,
2009)

Commercial boat operating frequency and duration

Schedule ferry services

Ferry Timetables, NSW
Transport and Infrastructure
(TL 2010)

Timetables and Maps,
Newcastle Buses and Ferries
(NBF, 2010)

Commercial fishing boats

Commercial Catch Records,
NSW DPI ComCatch &
LobCatch 18-07-05 Extraction
(NSW DPI, 2005)

Other commercial boats

Puget Sound Maritime Air
Forum Maritime Air
Emissions Inventory (SCG,
2007)

The Port of San Diego 2006
Emissions Inventory (SCG,
2008)

The Port of Los Angeles
Inventory of Air Emissions for
Calendar Year 2009 (SCG,
2010a)

Port of Long Beach Air
Emissions Inventory — 2009
(SCG, 2010b)

Commercial off-
road vehicles

and equipment

Commercial off-road vehicles and equipment type,
number and fleet composition

Commercial Off-Road Vehicles
and Equipment Pollution
Survey (DECC, 2007a)

Commercial off-road vehicles and equipment operating
frequency and duration

Commercial Off-Road Vehicles
and Equipment Pollution
Survey (DECC, 2007a)

Industrial off-
road vehicles

and equipment

Industrial off-road vehicles and equipment type, number
and fleet composition

Industrial Off-Road Vehicles
and Equipment Pollution
Survey (DECCW, 2009)

Industrial off-road vehicles and equipment operating
frequency and duration

Industrial Off-Road Vehicles
and Equipment Pollution

Locomotives

Survey (DECCW, 2009)
Large line-haul and passenger gross tonne kilometre - GMR and NSW GTK 2008
(GTK) data for GMR and NSW (ARTC, 2009)

Large line-haul and passenger diesel consumption data
for NSW

Energy Update 2009 (ABARE,
2009a)

Passenger diesel consumption data for NSW

CountryLink and CityRail
Diesel Train Distance,
Passengers and Fuel
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Consumption 2007-2008
(RailCorp, 2009a)

- CountryLink and CityRail
Diesel Train Distance,
Passengers and Fuel
Consumption 2008-2009

Recreational
boats

(RailCorp, 2009b)
Recreational boat type/number and monthly usage - Recreational Boat Pollution
frequency/duration/location Survey (TR, 2009)

Gridded 1 km x 1 km total dwelling estimates required to

scale-up domestic survey

- Forecasts for Total Dwelling
from 2006 to 2036 (TDC,
2009)

Recreational boat fleet composition

- The Outboard Motor Market
in NSW, Actual Sales Data
2003 to 2005 and Projected
Sales Data 2006 to 2010 for
NSW and the GMR (OEDA,
2005)

Ships

Ship logs and pilot data for Botany, Newcastle, Sydney

and Kembla ports

- Port Newcastle Vessel Visits
for 2008 (NPC, 2009)

- Port Botany and Port of
Sydney Vessel Visits for 2008
(SPC, 2009)

- Port Kembla Vessel Visits for
2008 (PKPC, 2009)

Main engine, auxiliary engine and auxiliary boiler

specification and fuel type

- LRF Bespoke Data Catalogue
(APS) (LR, 2010)

- The Port of Los Angeles
Inventory of Air Emissions for
Calendar Year 2009 (SCG,
2010a)

- Port of Long Beach Air
Emissions Inventory - 2009
(SCG, 2010Db)

- Australian Petroleum

Gas oil, intermediate fuel oil, marine diesel oil and Statistics — 2008, Issue 138

residual oil sales data to estimate refuelling emissions January 2008 to Issue 149

December 2008 (DRET, 2009)

Table 2-4: Off-road mobile spatial data

Aircraft (flight
operations)

Gridded 1 km x 1 km Avgas and
Avtur consumption estimates
allocated to airport locations and
flight paths

Camden and Williamtown Aero Data 2008 (ASA, 2009a)
Bankstown and Sydney Aero Data 2008 (ASA, 2009b)
Belmont, Cessnock, Hoxton Park, Warnervale and
Wollongong Aero Data 2008 (BITRE, 2010)

Emissions and Dispersion Modeling System (EDMS)
v5.1.2 (FAA, 2009)

Aircraft
(ground
operations)

Gridded 1 km x 1 km diesel
consumption estimates allocated
to airport locations

Camden and Williamtown Aero Data 2008 (ASA, 2009a)
Bankstown and Sydney Aero Data 2008 (ASA, 2009b)
Belmont, Cessnock, Hoxton Park, Warnervale and
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Wollongong Aero Data 2008 (BITRE, 2010)
Emissions and Dispersion Modeling System (EDMS)
v5.1.2 (FAA, 2009)

Gridded 1 km x 1 km Avgas and
Avtur consumption estimates
allocated to airport locations

Camden and Williamtown Aero Data 2008 (ASA, 2009a)
Bankstown and Sydney Aero Data 2008 (ASA, 2009b)
Belmont, Cessnock, Hoxton Park, Warnervale and
Wollongong Aero Data 2008 (BITRE, 2010)

Australian Petroleum Statistics — 2008, Issue 138 January
2008 to Issue 149 December 2008 (DRET, 2009)

Gridded 1 km x 1 km fuel

consumption estimates allocated

Commercial

boats .
to water bodies

Scheduled ferry services: diesel

Central Coast, Church Point, Cronulla, Dangar Island,
Manly, Newcastle, Palm Beach and Sydney Harbour water
bodies (CCF, 2010; CPFS, 2010; CF, 2010; HRTS, 2010;
BFC, 2010; MC, 2010; FPB, 2010; and SF, 2010)
NONROAD2008a Model (USEPA, 2009a)

Commercial fishing boats: 2-stroke petrol, 4-stroke petrol
and diesel

Avoca Lake, Benson's Creek, Botany Bay, Brisbane Water,
Broken Bay, Budgewoi, Cockrone Lake, Curl Curl Lagoon,
Dee Why Lagoon, Georges River, Hawkesbury River,
Hunter River, Karuah River, Kiama, Lake Illawarra, Lake
Macquarie, Larpent River, Manly Lagoon, Minnamurra
River, Munmorah, Myall Lakes, Myall River, Myall River,
Narrabeen Lagoon, Narrabeen Lake, Parramatta River,
Patonga, Pittwater, Port Hacking, Port Kembla, Port
Stephens, Spring Creek, Sydney Harbour, Tea Gardens,
Terrigal Lake, Towradgie Creek, Tuggerah Lakes,
Wamberal Lagoon and Wollongong water bodies (NSW
DPI, 2005)

NONROAD2008a Model (USEPA, 2009a)

Other commercial boats: 2-stroke petrol, 4-stroke petrol
and diesel

Botany Bay, Brisbane Water, Cowan Creek, Fern Bay,
Georges River, Hawks Nest, Hawkesbury River, Kiama,
Lake Illawarra, Lake Macquarie, Lemon Tree Passage,
Patonga, Pittwater, Port Hacking, Port Hunter, Port
Jackson, Port Kembla, Shoal Bay to Soldiers Point,
Stockton, Tea Gardens, Terrigal, Tuggerah Lakes and
Wollongong water bodies (NSW Maritime, 2005)
NONROAD2008a Model (USEPA, 2009a)

Commercial . . .
Gridded 1 km x 1 km site-specific | -
off-road trol. diesel and
etrol, diesel and gas
vehicles and P ) ] &
. consumption estimates -
equipment

Commercial Off-Road Vehicles and Equipment Pollution
Survey (DECC, 2007a)
NONROAD?2008a Model (USEPA, 2009a)

Industrial off- Gridded 1 km x 1 km site-specific | -

road vehicles petrol, diesel and gas

and equipment | consumption estimates -

Industrial Off-Road Vehicles and Equipment Pollution
Survey (DECCW, 2009)
NONROAD2008a Model (USEPA, 2009a)

Gridded 1 km x 1 km diesel
Locomotives consumption estimates allocated

to rail network

GMR and NSW GTK 2008 (ARTC, 2009)

Energy Update 2009 (ABARE, 2009a)

CountryLink and CityRail Diesel Train Distance,
Passengers and Fuel Consumption 2007-2008 (RailCorp,
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2009a)

CountryLink and CityRail Diesel Train Distance,
Passengers and Fuel Consumption 2008-2009 (RailCorp,
2009b)

Rail Movement Data in NSW Broken Down by Region
2003 (Pacific National, 2005)

Gridded 1 km x 1 km petrol and

Recreational ) . . Recreational Boat Pollution Survey (TR, 2009)
boats diesel consumption estimates NONROAD2008a Model (USEPA, 2009a)
allocated to water bodies
Methodology for Calculating Emissions from Ships: 1.
Update of Emission Factors (Cooper et. al., 2004)
Quantification of Emissions from Ships Associated with
Ship Movements between Ports in the European
Community (Entec, 2002)
Current Methodologies in Preparing Mobile Source Port-
Related Emission Inventories (ICF, 2009)
AP 42, Fifth Edition, Volume I, Chapter 7: Liquid Storage
Gridded 1 km x 1 km main Tanks, 7..1 Orgu.n?'c Liquid Storage Tanks (USEPA, 2006)
. . . AP 42, Fifth Edition, Volume I, Chapter 5: Petroleum
eng%rre, aux1.hary eng?ne and Industry, 5.2 Transportation and Marketing of Petroleum
.aux111ary .boﬂer gas. oil, . Liquids (USEPA, 2008b)
. intermediate fuel oil, marine Port Newcastle Vessel Visits for 2008 (NPC, 2009)
Ships diesel oil a'md residual oil Port Botany and Port of Sydney Vessel Visits for 2008
COI"ISlepthH and fuel loaded (SPC, 2009)
estimates allocated to port Port Kembla Vessel Visits for 2008 (PKPC, 2009)
locations and water bodies LRF Bespoke Data Catalogue (APS) (LR, 2010)
The Port of Los Angeles Inventory of Air Emissions for
Calendar Year 2009 (SCG, 2010a)
Port of Long Beach Air Emissions Inventory - 2009 (SCG,
2010b)
Australian Petroleum Statistics — 2008, Issue 138 January
2008 to Issue 149 December 2008 (DRET, 2009)
Geospatial Analysis, A Comprehensive Guide to Principles,
Techniques and Software Tools, Third Edition (De Smith
et. al., 2009)
Table 2-5: Off-road mobile temporal data
- Camden and Williamtown
Aero Data 2008 (ASA, 2009a)
Monthly, daily and hourly: Derived from landing- - Bankstown and Sydney Aero
Aircraft (flight takeoff cycle (LTO) data for Bankstown, Belmont, Data 2008 (ASA, 2009b)
operations) Camden, Cessnock, Hoxton Park, Sydney, - Belmont, Cessnock, Hoxton
Warnervale, Williamtown and Wollongong airports Park, Warnervale and
Wollongong Aero Data 2008
(BITRE, 2010)
Monthly, daily and hourly: Derived from landing- - Camden and Williamtown
Aircraft (ground takeoff cycle (LTO) data for Bankstown, Belmont, Aero Data 2008 (ASA, 2009a)
operations) Camden, Cessnock, Hoxton Park, Sydney, - Bankstown and Sydney Aero
Warnervale, Williamtown and Wollongong airports Data 2008 (ASA, 2009b)
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Belmont, Cessnock, Hoxton
Park, Warnervale and
Wollongong Aero Data 2008
(BITRE, 2010)

Commercial boats

Monthly, daily and hourly: Derived from Newcastle
and Sydney Ferries timetables

Ferry Timetables, NSW
Transport and Infrastructure
(TL 2010)

Timetables and Maps,
Newcastle Buses and Ferries
(NBF, 2010)

Commercial off-
road vehicles and
equipment

Monthly, daily and hourly: Derived from commercial
off-road vehicles and equipment pollution survey

Commercial Off-Road Vehicles
and Equipment Pollution
Survey (DECC, 2007a)

Industrial off-road
vehicles and

Monthly, daily and hourly: Derived from industrial
off-road vehicles and equipment pollution survey

Industrial Off-Road Vehicles
and Equipment Pollution

equipment Survey (DECCW, 2009)
Monthly: Derived from Australian Rail Track GMR and NSW GTK 2008
Corporation gross tonne kilometre data for the GMR (ARTC, 2009)
Daily: Derived from Pacific National gross tonne Rail Movement Data m NSW
kilometre data by NSW region Broken Down by Region 2003
Locomotives (Pacific National, 2005)

Hourly: Derived from inverse of hourly passenger
train volumes

Analysis of Peak Hour Travel
Using the Sydney Household
Travel Survey Data (TPDC,

2006)
. Monthly, daily and hourly: Derived from domestic Recreational Boat Pollution
Recreational boats
survey Survey (TR, 2009)

Ships

Monthly, daily and hourly: Derived from ship logs

Port Newcastle Vessel Visits
for 2008 (NPC, 2009)

Port Botany and Port of
Sydney Vessel Visits for 2008
(SPC, 2009)

Port Kembla Vessel Visits for
2008 (PKPC, 2009)

A detailed discussion of the activity, spatial and temporal data acquired for each off-road mobile

source is presented in Section 3.

2.6.4 Design and Implement Emission Estimation Techniques

All emissions have been calculated within the Off-Road Mobile Emissions Data Management System

v1.0, which is a Microsoft® Access™ 2003 relational database that includes all the data necessary for

estimating emissions to air from off-road mobile sources, including: activity data; emission factors;

particulate matter (PM) and volatile organic compound (VOC) speciation profiles; spatial allocation

data; hourly, daily and monthly temporal variation data; and emission projection factors. The Off-

Road Mobile Emissions Data Management System v1.0 start-up form is shown in Figure 2-3.
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Figure 2-3: Off-Road Mobile Emissions Data Management System v1.0 start-up form

In general, emissions have been estimated using Equation 1:

E, =A, xEF, x(1-ER,, /100) Equation 1
where:

Ei; = Emissions of substance i from source j (kg/year)
A = Activity rate for source j (activity unit/year)
EF;; = Emission factor for substance i from source j (kg/activity unit)
ER; = Emission reduction efficiency for substance i for source j (%)

Detailed emission estimation techniques for each off-road mobile source are presented in Section 3.
2.6.5 Derive Source Type Specific Emission Projection Factors

Emission projection factors have been derived based on either:

> Total final energy consumption by industry and fuel, New South Wales (ABARE, 2006);

> Total primary energy consumption by industry and fuel, New South Wales (ABARE, 2006); and

> Total dwelling growth, Greater Metropolitan Region (TDC, 2009).
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Projection factors have been developed for every year from 2009 to 2036 (emissions for the base year

2008 are based on activity data and emission estimation methodologies).

In general, future emissions have been estimated from base year 2008 emissions using Equation 2:

Eijn =E;j2008 X PF, Equation 2
where:

Eijn = Emission of substance i from source j for year n (kg/year)
Ei 2008 Emission of substance i from source j for the base year, 2008 (kg/year)
PFijn = Projection factor for source j for year n (relative to the base (tonne.year!/ tonne.year-

year)

D

Projection factors have been sourced from references presented in Table 2-6.

Table 2-6: Off-road mobile projection factors

Aircraft (flight
operations)

Final energy consumption for air transport
using petroleum

Australian Energy, National and State
Projections to 2029-30, ABARE Research
Report 06.26 (ABARE, 2006)

Aircraft (ground

operations)

Final energy consumption for air transport
using petroleum

Australian Energy, National and State
Projections to 2029-30, ABARE Research
Report 06.26 (ABARE, 2006)

Commercial boats

Final energy consumption for agriculture,
commercial & services and domestic water

transport using petroleum

Australian Energy, National and State
Projections to 2029-30, ABARE Research
Report 06.26 (ABARE, 2006)

Commercial off-
road vehicles and
equipment

Final energy consumption for agriculture,
manufacturing & construction and mining
using liquid petroleum gas, petroleum and
natural gas

Australian Energy, National and State
Projections to 2029-30, ABARE Research
Report 06.26 (ABARE, 2006)

Industrial off-road
vehicles and

Final energy consumption for manufacturing
& construction and mining using liquid

Australian Energy, National and State
Projections to 2029-30, ABARE Research

equipment petroleum gas, petroleum and natural gas Report 06.26 (ABARE, 2006)
Final tion 1t " Australian Energy, National and State
Locomotives el energy consuimption for fall franspor Projections to 2029-30, ABARE Research

using petroleum

Report 06.26 (ABARE, 2006)

Recreational boats

Total dwelling growth

Forecasts for Total Dwelling from 2006 to
2036 (TDC, 2009)

Ships

Final energy consumption for international
water transport using petroleum

Australian Energy, National and State
Projections to 2029-30, ABARE Research
Report 06.26 (ABARE, 2006)

Detailed emission projection factors for each off-road mobile source are presented in Section 3.
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3 DATA SOURCES AND RESULTS

This section presents the: detailed emission estimation methodologies; activity, spatial and temporal
data sources used; and the associated emission estimates for the 2008 calendar year for the following
off-road mobile sources:

> Aircraft (flight operations);

\4

Aircraft (ground operations);
» Commercial boats;

> Commercial off-road vehicles and equipment;

\4

Industrial off-road vehicles and equipment;

> Locomotives;

> Recreational boats; and

> Ships.

For each off-road mobile source type, the information in this section is structured as follows:
> Emission Source Description;

> Emission Estimation Methodology;

\4

Activity Data;

> Emission and Speciation Factors;

\4

Spatial Distribution of Emissions;

\4

Temporal Variation of Emissions;
» Emission Estimates; and
> Emission Projection Methodology.

Off-road mobile emissions have been estimated by combining activity data with emission factors. The
emissions have been allocated spatially to each 1 km by 1 km grid cell, and temporally to months,
weekdays/weekend days and hours. Activity, spatial and temporal data have been acquired from a
number of government departments and service providers. All emissions have been calculated within
the Off-Road Mobile Emissions Data Management System v1.0, which is a Microsoft® Access™ 2003
relational database that includes all the data necessary for estimating emissions to air from off-road
mobile sources, including: activity data; emission factors; particulate matter (PM) and volatile organic
compound (VOC) speciation profiles; spatial allocation data; hourly, daily and monthly temporal
variation data; and emission projection factors.
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Where reference is made to:

>  Combustion products, this includes CO, NOy, PMzs, PMio, TSP, SO; and VOC (total and speciated);
and

»  Particulate matter, this includes PM» s, PM1o and TSP.

In this section total estimated emissions are presented for each off-road mobile source type in the
whole GMR and the Sydney, Newcastle and Wollongong regions. Total estimated emissions are also
presented for the region defined as Non Urban. This region is the area of the GMR minus the
combined areas of the Sydney, Newcastle and Wollongong regions. Emissions are presented for the
following pollutants only:

» 1,3-Butadiene

> Acetaldehyde

> Benzene

> Carbon monoxide (CO)

> Formaldehyde

> Isomers of xylene

> Lead & compounds

> Okxides of nitrogen (NOx)

> Particulate matter < 10 pm (PMio)
> Particulate matter < 2.5 um (PM5)
> Perchloroethylene

> Polycyclic aromatic hydrocarbons (PAH)
> Sulfur dioxide (SO»)

> Toluene

> Total suspended particulate (TSP)

> Total volatile organic compounds (VOC)

These substances were selected since they are:

> The most common air pollutants found in airsheds according to the National Pollutant Inventory
NEPM (NEPC, 2008);
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> Referred to in National Environment Protection Measures (NEPMs) for ambient air quality
(NEPC, 2003) and air toxics (NEPC, 2004); and

> They have been classified as priority air pollutants (NEPC, 2006).

Total off-road mobile emissions of all substances emitted in the whole GMR and the Sydney,
Newcastle, Wollongong and Non Urban regions are presented in Appendix A. Estimated Annual
Emissions of all Substances from Off-Road Mobile Sources.
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3.1 Aircraft (flight operations) and aircraft (ground operations)

3.1.1 Emission Source Description

The off-road mobile air emissions inventory includes emissions of:
> Combustion products (i.e. exhaust) from:
o Aircraft engines during the LTO cycle; and
o Ground support equipment (GSE) and auxiliary power unit (APU) engines.
> Evaporative VOC from the transfer of fuel to:
o On-site storage tanks;
o Tankers; and
o Aircraft.
To estimate emissions from these sources, the following have been considered:
> Airport location, aircraft schedules, BADA and ICAO aircraft and engine data

There are nine airports considered in this inventory, including Bankstown, Belmont, Camden,
Cessnock, Hoxton Park, Sydney, Warnervale, Williamtown and Wollongong.

Aircraft schedules have been obtained from Airservices Australia (ASA) and Bureau of Infrastructure,
Transport and Regional Economics (BITRE), which contain amongst other data, airport code, unique
flight key, aircraft type code and time and date of arrival and departure (ASA, 2009a; ASA, 2009b; and
BITRE, 2010).

The aircraft schedules have been used to establish the number of arrivals and departures of each
aircraft type from each airport and the hourly, daily and monthly temporal variation in flights.

Each aircraft listed in the aircraft schedules has been matched with data from the Eurocontrol Base of
Aircraft Data (BADA, 2009) and the International Civil Aviation Organization (ICAO, 2010) to
establish detailed aircraft type, engine and fuel characteristics (FAA, 2009).

Figure 3-1 shows how aircraft schedules, BADA/ICAO aircraft and activity data have been combined
with emission factor data to develop an inventory of aircraft emissions (FAA, 2009).
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> Aircraft type

Figure 3-1: Aircraft - use of aircraft schedules, BADA and ICAO data

The inventory includes all aircraft types used for public, private, and military purposes. This includes
four types of aircraft:

(@]

Aircraft can be

Air taxi - used for transporting passengers and/or freight. They tend to be smaller
aircraft powered by either jet or piston engines. These aircraft are only used for
domestic travel;

Commercial - used for transporting passengers and/or freight. They tend to be larger
aircraft powered by jet engines and operate through larger airports. These aircraft are
used for domestic and international travel;

General aviation - used for recreational flying, personal transportation and
unscheduled business transportation. They tend to be smaller aircraft powered by
piston engines, although some smaller unscheduled business aircraft are powered by
jet engines; and

Military - used for military purposes only. They include a wide variety such as
trainer, fighter and helicopter aircraft, which are powered by either jet or piston

engines.

categorised in a number of ways, either by size, designation, engine type, usage or

European category (BADA, 2009; ICAQO, 2010; and FAA, 2009).

Table 3-1 presents the various aircraft included in the inventory by category, type and code for the
nine airports considered (ASA, 2009a; ASA, 2009b; and BITRE, 2010).
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Table 3-1: Aircraft category, type and code

Heavy (MTOW# over 255,000 1b) H
Size Large (MTOW 41,001 to 255,000 1b) L
Small (MTOW 41,000 1b or less) S
Civil C
Designation Military M
General Aviation G
Jet J
Engine Type Turboprop/Turboshaft T
Piston P
Passenger or VIP Transport P
Cargo or General Transport C
Usage Bus.iness B
Helicopter H
Combeat or Attack A
Other o
Light Helicopter H1
Heavy Helicopter H2
Business Jet JB
Large Jet JL
Medium Jet M
European Category -
Regional Jet JR
Small Jet JS
Propeller PP
Supersonic SS
Turboprop TP

> Ground support equipment (GSE) and auxiliary power unit (APU) type
Ground support equipment and APU are used while the aircraft is stationary at the gate.

When the aircraft arrives at the gate, GSE are used to unload baggage and service the lavatory and
cabin. While the aircraft is parked at the gate, mobile generators and air conditioning units are used to
provide electricity and air conditioning. Prior to aircraft departure, GSE are used to load baggage,
food and fuel. When an aircraft departs from the gate, a tug is used to push or tow the aircraft to the
taxiway.

4 Maximum take-off weight.
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Auxiliary power units are mainly on-board generators that provide electrical power to the aircraft
while its engines are shut down. While some pilots start the on-board APU while taxiing to the gate,
they are mainly started when the aircraft reaches the gate. The inventory includes the following types
of GSE and APU:

o Air conditioner;
o Airstart;

o Aircraft tractor;
o Baggage tractor;
o Belt loader;

o Bobtail;

o  Cabin service truck;
o Cargo loader;

o Cargo tractor;

o Cart

o Catering truck;
o De-icer;

o Fork lift;

o  Fuel truck;

o Generator;

o  Ground power unit;
o Hydrant truck;
o Lavatory truck;
o Lift;

o Passenger stand;
o Service truck;

o Sweeper; and

o  Water service.
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> Aircraft engine type

The inventory includes all engine types used for public, private, and military purposes. This includes
two major types of engine:

o Reciprocating piston - the fuel and air mixture is burned in the combustion chamber
and the energy is transferred by a piston and crank mechanism to the propeller; and

o  Gas turbine - these can be grouped into three types including, turbofan, turboprop and
turbojet. A gas turbine engine consists of three major components including,
compressor, combustion chamber and turbine. In all three types of gas turbine engine,
air enters the front of the engine, is compressed and the fuel and air mixture is then
burned in the combustion chamber. In turbofan and turboprop engines, the energy
generated in the combustion chamber is used to drive the turbine for propulsion. In
turbojet engines, the expanding exhaust gases are used for propulsion and energy
from the turbine only drives the compressor.

Commercial and military aircraft are dominated by gas turbine engines, while civilian aircraft have a
larger proportion of piston engines compared with gas turbine engines.

Piston engines use gasoline-like fuel or “Avgas” while gas turbine engines use a kerosene-like fuel or
“Avtur”.

There is a wide variety of engine models in each engine type. Many aircraft use only a single engine
model, while others may use two or three different engine models. Air pollutant emissions are
dependent upon the engine type, engine model and aircraft type (FAA, 2009).

> Ground support equipment (GSE) and auxiliary power unit (APU) engine type
The inventory includes GSE and APU powered by diesel compression ignition (CI) engines.

Since there are no NSW or Australian emission standards, the inventory considers all GSE and APU
have emissions control technology consistent with USEPA Tier 0 (USEPA, 2009a).

> Aircraft fuel type

The inventory includes aircraft that use two fuel types, including gasoline-like “Avgas” and kerosene-
like “ Avtur”. Reciprocating piston engines use Avgas, while gas turbines use Avtur.

Table 3-2 presents the aircraft fuel type and properties used in the inventory (ABARE, 2009b; and
USEPA, 2008a).

Table 3-2: Aircraft (flight operations) fuel type and properties

Aviation gasoline (Avgas) 0.80 0.708 33.1 85
Aviation turbine fuel

- 0.793 36.8 85
(Avtur)
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> Ground support equipment (GSE) and auxiliary power unit (APU) fuel type
The inventory includes GSE and APU that use automotive diesel oil (ADO).

Table 3-3 presents the GSE and APU fuel type and properties used in the inventory (ABARE, 2009b;
and USEPA, 2009a). The sulfur content in ADO are requirements of the Fuel Standard (Automotive
Diesel) Determination 2001 (Attorney-General's Department, 2009), which are relevant for the 2008
calendar year.

Table 3-3: Aircraft (ground operations) GSE and APU fuel type and properties

Automotive diesel oil

50 - 0.845 38.6 87
(ADO)

> Mode of operation
Aircraft flight operations are divided into two major parts:

o  Landing/Take-off (LTO) cycle - includes all activities near the airport that take place
below the altitude of 3,000 ft (i.e. 914.4 m). This includes approach, taxi/idle-in, start-
up, taxi/idle-out, take-off and climb-out modes of operation; and

o Cruise cycle - includes all activities that take place at altitudes above 3,000 ft (i.e. 914.4
m), with no upper limit to the altitude. Cruise includes the climb from the end of
climb-out in the LTO cycle to cruise altitude, cruise and descent from cruise altitude
to the beginning of descent in the LTO cycle.

The LTO and cruise cycles are shown in Figure 3-2 (EEA, 2010).

Figure 3-2: Aircraft LTO and cruise cycle
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The inventory includes only those activities which take place during the LTO cycle.

The inventory includes aircraft emissions that occur within the mixed layer, which is a vertical column

of air that begins at the earth’s surface and is equal in depth to the inversion layer. When aircraft

operate within the mixed layer, air pollutants are trapped by the inversion layer and impact on

ground-level air quality. Conversely, when aircraft operate above the mixed layer, air pollutants have

little interaction with the mixed layer and have negligible impacts on ground-level air quality. The

aircraft operations which occur within the mixed layer are defined as the Landing/Take-off (LTO)

cycle. Each LTO cycle consists of six specific operating modes:

Approach - the aircraft operates in this mode when it approaches the airport on its
descent from the mixing height until it lands on the runway. It includes both the
descent and landing phases of the LTO cycle;

Taxifidle-in - the aircraft operates in this mode when it taxis from the runway to the
gate;

Start-up - the aircraft operates in this mode at the gate;

Taxi/idle-out - the aircraft operates in this mode when it taxis from the gate to the
runway;

Take-off - the aircraft operates in this mode at maximum engine power until it reaches
between 500 ft (i.e. 152.4 m) and 1,000 ft (i.e. 304.8 m) above ground level when the
engine power is reduced; and

Climb-out - the aircraft operates in this mode after the take-off mode (i.e. between 500
ft (i.e. 152.4 m) and 1,000 ft (i.e. 304.8 m)) until the aircraft reaches 3,000 ft (i.e. 914.4

m).

The LTO cycle is shown in Figure 3-3 (FAA, 2009).

Figure 3-3: Aircraft LTO cycle

The operation time in each of these modes is dependent on the aircraft type, local meteorology and
airport procedures. The inventory uses the default ICAO/USEPA LTO cycle time-in-mode (TIM)
parameters (FAA, 2009).
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3.1.2 Emission Estimation Methodology

Table 3-4 summarises the emission estimation methodologies used for aircraft (flight operations) and

aircraft (ground operations).

Table 3-4: Aircraft (flight operations) and aircraft (ground operations) emission estimation
methodologies

- Documentation for Aircraft Component of the National
Emissions Inventory Methodology (ERG, 2011a)

- Emissions and Dispersion Modeling System (EDMS) v5.1.2
(FAA, 2009)

Flight operations: Exhaust emissions from aircraft

- Documentation for Aircraft Component of the National
Emissions Inventory Methodology (ERG, 2011a)
- Emissions and Dispersion Modeling System (EDMS) v5.1.2

Ground operations: Exhaust emissions from
ground support equipment (GSE) and auxiliary
power units (APU)

(FAA, 2009)
Ground operations: Evaporative emissions from | - AP 42, Fifth Edition, Volume I, Chapter 5: Petroleum
the transfer of fuel to on-site storage tanks, Industry, 5.2 Transportation and Marketing of Petroleum
tankers and aircraft Liquids (USEPA, 2008b)

> Aircraft engine exhaust
Exhaust emissions from aircraft have been estimated using aircraft type and LTO data in combination

with time-in-mode (TIM) and emission factor data within the FAA EDMS v5.1.2 Model (FAA, 2009).

Exhaust emissions from aircraft have been estimated using Equation 3 within the FAA EDMS v5.1.2
Model (FAA, 2009):

Eiximna =NLTO;, . xNE; x TIM,, xFF, xEF_,, . Equation 3

where:

Eijkimn = Emissions of substance i, from aircraft model j, engine model k, (kg/year)
aircraft type I and engine type m during mode of operation n

NLTOjxm = Landing/take-off cycles for aircraft model j, engine model k, aircraft (number/year)
type 1 and engine type m

NE;x = Engines for aircraft model j and engine model k (number)

TIMjkn = Time-in-mode for aircraft model j and engine model k during mode (min)
of operation n

FFjxn = Fuel flowrate for aircraft model j and engine model k during mode (kL/min)
of operation n

EFijk1,mn = Emission factor for substance i, from aircraft model j, engine model (kg/KkL)
k, aircraft type I and engine type m during mode of operation n

i = Substance (either “criteria pollutants”, “speciated NO\”, “speciated (-)
VOC”, “organic air toxics”, “metal air toxics”, “PAH”, “PCDD and
PCDF”, “ammonia” or “greenhouse gases”)

j = Aircraft model (e.g. Boeing 737-800 Series) )

k = Engine model (e.g. CFM56-7B26 Turbofan)
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where:

1 = Aircraft type (either “air taxi”, “commercial”, “general aviation” or (-)
“military”)

m = Engine type (either “reciprocating piston using Avgas” or “gas )
turbine using Avtur”)

n = Mode of operation (either “approach”, “taxi/idle-in”, “start-up”, (-)

“taxi/idle-out”, “take-off” or “climb-out”)

> Ground support equipment (GSE) and auxiliary power unit (APU) exhaust

Exhaust emissions from GSE and APU have been estimated using the default GSE and APU
assignments for population and activity data in combination with emission and load factors within the
FAA EDMS v5.1.2 Model (FAA, 2009):

Exhaust emission factors have been adjusted according to fuel sulfur content for diesel engines (FAA,
2009).

An engine’s rated power is the maximum power it is designed to produce at the rated speed. Since
engines normally operate at a variety of speeds and loads, operation at rated power for extended
periods is rare. To take into account the effect of operation over a wide range of conditions (e.g. idle,
partial load and transient operation), a load factor (LF) has been used to determine the average
proportion of rated power used (FAA, 2009).

Exhaust emissions from GSE and APU have been estimated using Equation 4 within the FAA EDMS
v5.1.2 Model (FAA, 2009):

Eim =P x Ay x HP  x LE;, < EF, ;.. /1000 Equation 4

where:

Eijxim = Emissions of substance i from ground support equipment and auxiliary (kg/year)
power unit type j, engine type k, engine power range 1 and source type m

Pjx1 = Population of ground support equipment and auxiliary power unit type j, (number)
engine type k and engine power range |

Ajx1 = Activity of ground support equipment and auxiliary power unit type j, (h/year)
engine type k and engine power range |

HPjx1 = Maximum rated power of ground support equipment and auxiliary power (hp)
unit type j, engine type k and engine power range |

LFjx1 = Fractional load factor for ground support equipment and auxiliary power (hp/hp)
unit type j, engine type k and engine power range |

EFijxim = Emission factor for substance i from ground support equipment and (g/hp.h)
auxiliary power unit type j, engine type k, engine power range 1 and source
type m

i = Substance (either “criteria pollutants”, “speciated NO\”, “speciated VOC”, (-)

“organic air toxics”, “metal air toxics”, “PAH”, “PCDD and PCDF”,
“ammonia” or “greenhouse gases”)

34



Air Emissions Inventory for the Greater Metropolitan Region of New South Wales
3. Data Sources and Results

where:
j = Ground support equipment and auxiliary power unit type (either “ Air (-)
conditioner”, “Air start”, “Aircraft tractor”, “Baggage tractor”, “Belt loader”,
“Bobtail”, “Cabin service truck”, “Cargo loader”, “Cargo tractor”, “Cart”,
“Catering truck”, “Deicer”, “Fork lift”, “Fuel truck”, “Generator”, “Ground
power unit”, “Hydrant truck”, “Lavatory truck”, “Lift”, “Passenger stand”,
“Service truck”, “Sweeper” or “Water service”)
k = Engine type (“diesel”) ()
1 = Engine power range (hp)
m = Source type (“exhaust” ) (-)
1000 = Conversion factor (g/kg)

»  Transfer of fuel to on-site storage tanks, tankers and aircraft

Evaporative VOC emissions from the transfer of fuel to on-site storage tanks, tankers and aircraft have
been estimated using emission factors combined with Avgas and Avtur fuel sales data within
Equation 5 (USEPA, 2008b):

Evoci = EFyoc: X As Equation 5
where:

Evoci =  Emissions of VOC from fuel type i (kg/year)
EFvoci =  VOC emission factor for fuel type i (Equation 6) (kg/kL)
Aj = Amount of fuel type i loaded (kL/year)
i = Fuel type (either “Avgas” or “Avtur”) )

Emission factors for the transfer of fuels have been estimated using Equation 6 (USEPA, 2008b):

S, x P, x M, eff.
FF oc; =1246 x ————— S| 04536 Equation 6
’ 100 3.7862
where:
EFvoc; = VOC emission factor for fuel type i (kg/KkL)
Si = Saturation factor for loading type j (Table 5.2-1; USEPA, 2008b) - 0.6, 0.6 (-)

and 1.45 for loading to storage tanks (Submerged loading: dedicated
normal service), loading to tankers (Submerged loading: dedicated
normal service) and refuelling aircraft (Splash loading of a clean cargo
tank), respectively
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where:
P = True vapour pressure of fuel type i (Table 7.1-2; USEPA, 2006) - 3.5 and (psia)
0.0085 for Avgas and Avtur, respectively
M; = Molecular weight of vapour for fuel type i (Table 7.1-2; USEPA, 2006) - (Ib/1b.mol)
68 and 130 for Avgas and Avtur, respectively
T = Temperature of bulk liquid loaded (Table 7.1-2; USEPA, 2006) - 520 (°R)
f; = Overall reduction efficiency for loading type j - 95.92%5, 0% and 0% for
loading to storage tanks (i.e. stage 1 vapour recovery), loading to tankers
and refuelling aircraft, respectively
i = Fuel type (either “ Avgas”or “Avtur”) (=)
j = Loading type (either “storage tanks”, “tankers” or “refuelling aircraft”) ()
0.4536 = Conversion factor (Ib/kg)
3.7862 = Conversion factor (L/US gal)
3.1.3 Activity Data

Table 3-5 summarises the activity data used for aircraft (flight operations) and aircraft (ground

operations).

Table 3-5: Aircraft (flight operations) and aircraft (ground operations) activity data

Landing-takeoff cycle (LTO) data for Bankstown, Belmont, Camden,
Cessnock, Hoxton Park, Sydney, Warnervale, Williamtown and

Wollongong airports to estimate aircraft emissions

Camden and Williamtown Aero
Data 2008 (ASA, 2009a)
Bankstown and Sydney Aero Data
2008 (ASA, 2009b)

Belmont, Cessnock, Hoxton Park,
Warnervale and Wollongong Aero
Data 2008 (BITRE, 2010)

Landing-takeoff cycle (LTO) data for Bankstown, Belmont, Camden,
Cessnock, Hoxton Park, Sydney, Warnervale, Williamtown and
Wollongong airports to estimate ground support equipment (GSE) and
auxiliary power unit (APU) emissions

Camden and Williamtown Aero
Data 2008 (ASA, 2009a)
Bankstown and Sydney Aero Data
2008 (ASA, 2009b)

Belmont, Cessnock, Hoxton Park,
Warnervale and Wollongong Aero
Data 2008 (BITRE, 2010)

Avgas and Avtur sales data to estimate storage, transfer and refuelling

emissions

Australian Petroleum Statistics —
2008, Issue 138 January 2008 to
Issue 149 December 2008 (DRET,
2009)

5 Estimated from the Industrial Off-Road Vehicles and Equipment Pollution Survey (DECCW, 2009).

36




Air Emissions Inventory for the Greater Metropolitan Region of New South Wales
3. Data Sources and Results

Aircraft schedules have been obtained from Airservices Australia (ASA) and Bureau of Infrastructure,
Transport and Regional Economics (BITRE), which contain amongst other data, airport code, unique
flight key, aircraft type code and time and date of arrival and departure (ASA, 2009a; ASA, 2009b; and
BITRE, 2010).

The aircraft schedules have been used to establish the number of arrivals and departures of each
aircraft type from each airport and the hourly, daily and monthly temporal variation in flights.

Each aircraft listed in the aircraft schedules has been matched with data from the Eurocontrol Base of
Aircraft Data (BADA, 2009) and the International Civil Aviation Organization (ICAO, 2010) to
establish detailed aircraft type, engine and fuel characteristics (FAA, 2009).

Table 3-6 presents arrivals and departure by aircraft model at each of the nine airports in the GMR.

Arrivals and departure by aircraft type at each of the nine airports in the GMR are presented in Table
3-7 and shown in Figure 3-4.

Arrivals and departure by engine type at each of the nine airports in the GMR are presented in Table
3-8 and shown in Figure 3-5.

Arrivals and departure by usage at each of the nine airports in the GMR are presented in Table 3-9
and shown in Figure 3-6.

Arrivals and departure by European category at each of the nine airports in the GMR are presented in
Table 3-10 and shown in Figure 3-7.
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Table 3-6: Aircraft arrivals and departures by aircraft model

Aerostar PA-60 249 13 5 32 5 52 12 4 4 375
Agusta A-109 365 8 3 19 3 49 7 12 2 468
Air Tractor 802 2 11 4 25 4 - - 3 58
Air Tractor AT-502 3 - - - - - - - - 3
Airbus A310-200 Series - - - - - 20 - - - 20
Airbus A319-100 Series - - - - - 13 - - - 13
Airbus A320-100 Series 1 - - - - 27,981 - 5,521 - 33,503
Airbus A321-100 Series 1 - - - - 5 - 10 - 16
Airbus A330-200 Series - - - - - 5,717 - - - 5,717
Airbus A330-300 Series - - - - - 7,355 - - - 7,355
Airbus A340-200 Series - - - - - 291 - - - 291
Airbus A340-300 Series - - - - - 1,100 - - - 1,100
Airbus A340-500 Series - - - - - 2,163 - - - 2,163
Airbus A340-600 Series - - - - - 824 - - - 824
Airbus A380-800 - - - - - 820 - - - 820
Antonov 124 Ruslan - - - - - - - 8 - 8
ATR 42-200 666 - - - - 7 - - - 673
Aviat Husky A1B 49 1,092 407 2,573 383 - 950 - 298 5,753
Avro RJ-70 34 1,610 600 3,794 564 - 1,401 - 440 8,443
Ayres S2R-T34 Turbo-Thrush 6 - - - - - - - - 6
BAE 146-100 1 - - - - 688 - - - 689
BAE 146-200 - - - - - 12 - - - 12
BAE 146-300 1 - - - - 1,086 - - - 1,087
BAE Jetstream 31 42 - - - - 4,142 - 4,397 - 8,581
BAE Jetstream 41 - - - - - 4 - 1,021 - 1,025
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Bell 206 JetRanger 6,503 191 71 449 67 5,706 166 90 52 13,294
Bell AH-1]J Cobra 2,500 32 12 76 11 46 28 6 9 2,720
Bell UH-1 Iroquois 64 - - - - - - - 65
Boeing 707-300 Series - - - - - 6 - 2 - 8
Boeing 727-100 Series - - - - - 10 - - - 10
B