Appendix 3.3 EMFAC-HK Model Assumptions

Estimation of Vehicular Emission for the Study Area with
EMFAC-HK model

EMFAC-HK v4.3 model was adopted to estimate the vehicular emission rates of NOx,
NOz, RSP, and FSP. The input parameters and model assumptions made in EMFAC-
HK model are summarized as follows.

Model Year

EMFAC-HK considers 45 years of model years for the estimation of vehicular
emissions. The model years start from 45 years preceding the year of interest to the
year of interest as the final model year. The following table summarizes the starting
and final model years of the assessment years implemented in EMFAC-HK.

Table 1 Starting and Final Model Years in EMFAC-HK

Scenario Year Starting Model Year Final Model Year
2030 1986 2030
2033 1989 2033
2041 1997 2041
2048 2004 2048

Vehicle Technology fraction

Exhaust technology fraction and evaporative technology fraction in the model are
based on the default value.

The “2018 Licensed Vehicle by Age and Technology Group Fractions” provided in
EPD’s website, was adopted in this assessment. Since the provided exhaust
technology fractions are only up to Year 2018 at the time of the assessment, those
after Year 2018 are projected in accordance with EPD’s Guideline on Modelling
Vehicle Emissions — Appendix 3 “Implementation Schedule of Vehicle Emission
Standards in Hong Kong (updated as of May 2020)” and Appendix 4 “EMFAC-HK
Technology Group Indexes (Released in January 2021)”.

Vehicle Population

As recommended in the EPD’s Guideline on Modelling Vehicle Emissions, default
vehicle populations forecast in EMFAC-HK was used.

Vehicle Accrual

The default accrual rates in EMFAC-HK are estimated from the local mileage data
adjusted to reflect the total VKT for each vehicle class. The default value was used.

Appendix 3.3 EMFAC-HK Model Assumptions

Vehicle Kilometre Travel (VKT)

The “vehicle fleet” refers to all motor vehicles operating on roads within this
assessment area. The modelled fleet was broken down into 18 vehicle classes based
on the information in the Transport Monthly Digest and vehicle population provided by
EPD.

Vehicle-kilometre-travelled (VKT) represents the total distance travelled on a weekday.
The VKT is calculated by multiplying the number of vehicles, which based on the
highest predicted hourly traffic flow, and the length of road travelled in the assessment
area. The diurnal variation of VKT in the assessment area was provided by the traffic
consultant.

Trips

Start emissions of vehicles in the assessment were simulated by two approaches,
namely broad-brush approach and precise approach, which would be detailed later in
this appendix. Given that no buses would be parked on street and start emission
factors of franchised single-deck buses (FBSD) and franchised double-deck buses
(FBDD) are more significant than other vehicle classes, the start emission of identified
FBSD and FBDD were localized at the bus termini or bus depot and was assessed
using precise approach.

Other than bus termini, public light bus (PLB) termini, heavy goods vehicle (HGV)
parking sites and coach (NFB except NFB <= 6.4t) parking sites were identified within
the study area. To avoid underestimation of air quality impact at the exit of termini and
parking sites, precise approach has also been adopted to simulate the start emissions
of PLB, HGV, and NFB (except NFB <= 6.4t) induced by these termini and parking
sites. For other vehicle classes such as private cars, it was noted that the start
emission factors are minimal when compared to FBSD and FBDD.

Diurnal variation of daily trips was used to estimate the start emissions of petrol, LPG
vehicles and diesel vehicles fitted with selective catalytic reduction (SCR) devices.
Zero trip was assumed for roads with post speed greater than 50 km/hr as no cold start
would be anticipated on these roads.

Broad-brush Approach

Start emissions of vehicles were distributed on local and rural roads with posted speed
of 50 km/hr or less with the number of trips for each vehicle class except PLB, FBDD,
FBSD, and NFB (>6.4t) assumed directly proportional to VKT and estimated by the
following formula.

Trip for local and rural roads within the study area
= VKT for local and rural roads within the study area
Trip for local and rural roads within Hong Kong

VKT for local and rural roads within Hong Kong

Trip within Hong Kong and VKT within Hong Kong were obtained from the default
values from EMFAC-HK. The proportion of local and rural roads within Hong Kong
was obtained from the Annual Traffic Census of Year 2021 and Year 2022 prepared
by Transport Department and is presented in Annex A. Since the proportion of local
and rural roads within Hong Kong in Year 2021 was smaller than that in Year 2022,
the value in Year 2021 was adopted for this assessment as a worst-case scenario.
VKT within the study area was calculated by multiplying the number of vehicles by the
distance travelled within the study area. The trips per VKT is also presented in Annex
A.
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The highest NOy (and the corresponding NO and NO-), RSP, and FSP start emission
factors for each vehicle class among different soak time were adopted as a
conservative approach.

Precise Approach

Bus (FBSD and FBDD) and PLB termini, NFB (>6.4t) and HGV parking sites were
identified within the study area. For these termini and parking sites, the number of
trips for FBSD, FBDD, PLB, NFB (>6.4t), and HGV was obtained by on-site survey and
information from the operators (if applicable). Calculations of emissions associated
with these termini and parking sites were referenced to the Calculation of Start
Emissions in Air Quality Impact Assessment (Appendix 3.9) published by EPD. Idling
emissions were not considered in the calculations for HGV parking sites due to the
statutory ban against idling of motor vehicle engines under the Motor Vehicle Idling
(Fixed Penalty) Ordinance (Cap. 611).

Travelling Speed

Based on the available speed information provided by traffic consultant, emission
factors of each vehicle class were adopted according to the travelling speed of each
road link at each hour. All the vehicle classes on the same road link were assumed to
have the same travelling speed, except medium goods vehicles, heavy goods vehicles,
buses, and public light buses, on which speed limit has been imposed.

In accordance with the Road Traffic Ordinance, for any road with design speed limit of
70 kph or above, the speed limit for medium goods vehicles, heavy goods vehicles,
and buses would be limited to not more than 70 kph. Thus, for medium goods vehicles,
heavy goods vehicles and buses, the flow speed or 70 kph, whichever is lower, was
adopted. For the public light buses, the speed limit should be restricted to the speed
limit of the carriageway or 80 kph, whichever is lower.

Temperature and Humidity Profile

For the estimation of short-term and long-term air quality impact of NO2, RSP, and FSP
except long-term air quality impact of NO (i.e., annual average NOz), the lowest hourly
temperature (5°C) and relative humidity data (20%) (>90% valid data) provided by
Hong Kong Observatory (HKO) at Wetland Park weather station for Year 2022 were
adopted for the model input.

For the estimation of long-term air quality impact of NO- (i.e., annual average NO,),
the daily profile of averaged temperature and relative humidity data in each hour for
each month (i.e., 24 hours data in each month and for 12 months) provided by HKO at
Wetland Park weather station for Year 2022 were adopted for the model input. A
summary table for the temperature and relative humidity adopted is provided in Annex
B.
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Estimation of Composite Vehicular Emission Factor

Referring to the EPD’s Guideline on Modelling Vehicle Emissions, “Emfac mode” was
used for calculating emission factors in terms of grams of pollutants emitted per vehicle
activity. It was applied for this Project since it provides the emission factors according
to the actual hourly travelling speeds of vehicles of each road.

Assuming that NOx is comprised of NO and NO; only, the hourly emission of NO was
calculated as the difference in emissions between NOx and NO extracted from
EMFAC-HK model for each vehicle type. The NO, NO2, RSP, and FSP running
exhaust and start emission factors of 18 vehicle classes for the estimation air quality
impact except long-term air quality impact of NO- (i.e., annual average NO;) are
presented in Appendix 3.5.

Given that there would be no cold starts on roads with speed limit greater than 50
km/hr, only running exhaust was considered for these road sections, while both running
exhaust and starting emissions were considered for local road with speed limit of
50km/hr. The 24-hour traffic flows and composite emission factors for each road
adopted in the subsequent air dispersion modelling for the estimation air quality impact
except long-term air quality impact of NO; (i.e., annual average NO-) are presented in
Appendix 3.6.

Vehicular Emission Burden by EMFAC-HK (for Determination of Assessment
Year) — Operation Phase

Vehicular emission burdens (NOx, RSP, and FSP) for the Years of 2033, 2041 and
2048 were calculated based on the traffic forecast and composite emission factors. In
view that there will be additional road network, which will be committed by other
projects, commencing before Year 2041, the vehicular emission burden of combining
Year 2033 and the road network in Year 2041 was also calculated as a conservative
approach. The results are summarized in Table 2. According to the results, the
combination of Year 2033 EMFAC modelling year and Year 2041 road network was
selected as the worst affected year for the air quality assessment of operation phase.

Table 2 Vehicular Emission Burden of Open Road Source during Operation Phase

EMFAC Road
Model Network NOx (g/day) RSP (g/day) FSP (g/day)
Year Year
2033 2041 257,468 9,569 8,811
2033 2033 187,360 7,298 6,720
2041 2041 224,303 7,892 7,272
2048 2048 200,697 7,123 6,566




Annex A

Proportion of Local and Rural Roads within Hong Kong in Year 2021

Proportion of Local and Rural Roads within Hong Kong in Year 2022

. Average Daily Vehicle-Kilometre in Year 2021 N ge Daily Vehicle-Kil in Year 2022
Region Region
Major Roads | Minor Roads Total Major Roads | Minor Roads Total
HK Island 4985988 04936: 6035351 HK Island 4694332 1008295 5702627
owloon 7526046 07523 8601263 owloon 6942512 1041185 7983697
lew Territories 20916379 19415 24110531 ew Territories 21261219 3457253 24718472
Total 33428413 31875 38747165 Total 32898063 5506733 38404796
Percentage 86.27% 13.73% 100% Percentage 85.66 14.34% 100%
Trips per VKT (Calculated by the proportion of local and rural roads within Hong Kong in Year 2021)
Year 2030
Vehicle Classes No. of Tri|.:|s within HK VKT inthin HK VKT for Local and I.Qural Roads within HK Trips per VKT
Petrol Diesel LPG Petrol Diesel LPG Petrol Diesel LPG
01 - Private Cars (PC) 1057784 17169 0 20279256 326038 0 2825395 45190 0 0.37996
102 - Taxi 5 0 73203 588 7865614 30 0 1080000 0.0677
03 - Light Goods Vehicles<=2.5t 84 2328 0 1391 4055 0 184 473 0 0.4187
[04 - Lt Goods Vehicles 2.5-3.5t 5836 225108 0 95750 38640: 0 12926 536902 0 0.4247
05 - Light Goods Vehicles>3.5t 0 82930 0 0 20697 0 0 292377 0 0.2918
[06 - Medium Goods Vehicles<=15t 0 53355 0 0 48064 0 0 0189 0 0.3384
07 - Medium Goods Vehicles15-24t 0 104888 0 0 2259949 0 0 4857 0 0.3380
08 - Public Light Buses 0 13164 4129 0 793472 248810 0 4128 18977 0.00000
09 - Private Light Bus <=3.5t 202 1235 0 4038 41108 0 353 5805 0 0.23173
- Private Light :Bus >3.5t 10 10036 1167 178 7404 21182 14 39764 1744 0.26450
- Non-franchised Bus<=6.4t 0 10186 0 0 2494 0 0 42489 0 0.23741
- Non-franchised Bus 6.4-15t 0 7067 0 0 2145 0 0 29110 0 0.00000
on-franchised Bus 15-24t 0 15513 0 0 4692 0 0 63745 0 0.00000
4 - Franchised Bus (SD) 0 2934 0 0 49209 0 0 6756 0 0.00000
- Franchised Bus (DD) 0 62351 0 0 1275254 0 0 182566 0 0.00000
|16 - Motorcycles (MC) 436127 0 0 1207852 0 0 167741 0 0 2.62984
7 - Heavy Goods Vehicles>24t 0 27401 0 0 591441 0 0 82451 0 0.33743
8 - Non-franchised Bus >24t 0 8 0 0 239 0 0 33 0 0.00000
9 - <Placeholder (P3)> 0 0 0 0 0 0 0 0 0 0.00000
: 0 - <Placeholder (P4)> 0 0 0 0 0 0 0 0 0 0.00000
|21 - <Placeholder (P5)> 0 0 0 0 0 0 0 0 0 0.00000
Year 2033
Vehicle Classes No. of Tri?s within HK VKT Vd-li(hin HK VKT for Local and I_?ural Roads within HK Trips per VKT
Petrol Diesel LPG Petrol Diesel LPG Petrol Diesel LPG
01 - Private Cars (PC) 1089835 17169 0 20578260 329132 0 2825395 45190 0 0.38564
02 - Taxi 2 0 73207 215 0 7865988 30 0 1080000 0.06778
03 - Light Goods Vehicles<=2.5t 82 2366 0 1337 39864 0 184 5473 0 0.43279
04 - Lt Goods Vehicles 2.5-3.5t 5731 228695 0 94141 3910428 0 12926 536902 0 0.42636
05 - Light Goods Vehicles>3.5t 0 84180 0 0 2129478 0 0 292377 0 0.28792
06 - Medium Goods Vehicles<=15t 0 54159 0 0 1166705 0 0 160189 0 0.33809
07 - Medium Goods Vehicles15-24t 0 106469 0 0 2293202 0 0 314857 0 0.33815
08 - Public Light Buses 0 14999 2294 0 904063 138219 0 124128 18977 0.00000
09 - Private Light Bus <=3.5t 134 1302 0 2574 42282 0 353 5805 0 0.23323
10 - Private Light Bus >3.5t 6 10465 742 100 289617 12699 14 39764 1744 0.27005
11 - Non-franchised Bus<=6.4t 0 10186 0 0 309460 0 0 42489 0 0.23973
12 - Non-franchised Bus 6.4-15t 0 7067 0 0 212018 0 0 29110 0 0.00000
13 - Non-franchised Bus 15-24t 0 15513 0 0 464277 0 0 63745 0 0.00000
14 - Franchised Bus (SD) 0 2934 0 0 49209 0 0 6756 0 0.00000
15 - Franchised Bus (DD) 0 62351 0 0 1329686 0 0 182566 0 0.00000
16 - Motorcycles (MC) 449342 0 0 1221711 0 0 167741 0 0 267879
17 - Heavy Goods Vehicles>24t 0 27814 0 0 600518 0 0 82451 0 0.33734
18 - Non-franchised Bus >24t 0 8 0 0 239 0 0 33 0 0.00000
19 - <Placeholder (P3)> 0 0 0 0 0 0 0 0 0 0.00000
20 - <Placeholder (P4)> 0 0 0 0 0 0 0 0 0 0.00000
21 - <Placeholder (P5)> 0 0 0 0 0 0 0 0 0 0.00000
Year 2041
Vehicle Classes No. of Tri;_)s within HK VKT vo_lithin HK VKT for Local and I_iural Roads within HK Trips per VKT
Petrol Diesel LPG Petrol Diesel LPG Petrol Diesel LPG
01 - Private Cars (PC) 1180136 17169 0 22365240 318901 0 3070747 43785 0 0.38443
02 - Taxi 0 0 73209 7 0 7866196 1 0 1080029 0.06778
03 - Light Goods Vehicles<=2.5t 84 2464 0 1370 41202 0 188 5657 0 0.43590
04 - Lt Goods Vehicles 2.5-3.5t 5602 238367 0 91793 4017853 0 12603 551651 0 0.43237
05 - Light Goods Vehicles>3.5t 0 87607 0 0 2130205 0 0 292477 0 0.29953
06 - Medium Goods Vehicles<=15t 0 56364 0 0 1207500 0 0 165790 0 0.33997
07 - Medium Goods Vehicles15-24t 0 110803 0 0 2380663 0 0 326865 0 0.33899
08 - Public Light Buses 0 17180 112 0 1035508 6773 0 142175 930 0.00000
09 - Private Light Bus <=3.5t 44 1393 0 767 45671 0 105 6271 0 0.22529
10 - Private Light Bus >3.5t 2 10961 250 30 303951 3860 4 41732 530 0.26529
11 - Non-franchised Bus<=6.4t 0 10186 0 0 313189 0 0 43001 0 0.23688
12 - Non-franchised Bus 6.4-15t 0 7067 0 0 212201 0 0 29135 0 0.00000
13 - Non-franchised Bus 15-24t 0 15513 0 0 464490 0 0 63775 0 0.00000
14 - Franchised Bus (SD) 0 2934 0 0 49209 0 0 6756 0 0.00000
15 - Franchised Bus (DD) 0 62351 0 0 1303434 0 0 178961 0 0.00000
16 - Motorcycles (MC) 486573 0 0 1324082 0 0 181796 0 0 2.67647
17 - Heavy Goods Vehicles>24t 0 28947 0 0 621831 0 0 85377 0 0.33904
18 - Non-franchised Bus >24t 0 8 0 0 240 0 0 33 0 0.00000
19 - <Placeholder (P3)> 0 0 0 0 0 0 0 0 0 0.00000
20 - <Placeholder (P4)> 0 0 0 0 0 0 0 0 0 0.00000
21 - <Placeholder (P5)> 0 0 0 0 0 0 0 0 0 0.00000
Year 2048
Vehicle Classes No. of Tri;_)s within HK VKT vo_lithin HK VKT for Local and I_iural Roads within HK Trips per VKT
Petrol Diesel LPG Petrol Diesel LPG Petrol Diesel LPG
01 - Private Cars (PC) 1265265 17169 0 23944920 323220 0 3287638 44378 0 0.38488
02 - Taxi 0 0 73209 0 0 7866202 0 0 1080030 0.06778
03 - Light Goods Vehicles<=2.5t 90 2548 0 1462 42705 0 201 5863 0 0.43508
04 - Lt Goods Vehicles 2.5-3.5t 5889 246748 0 97155 4200694 0 13339 576755 0 0.42813
05 - Light Goods Vehicles>3.5t 0 90719 0 0 2284440 0 0 313654 0 0.28923
06 - Medium Goods Vehicles<=15t 0 58366 0 0 1256497 0 0 172517 0 0.33832
07 - Medium Goods Vehicles15-24t 0 114740 0 0 2470680 0 0 339224 0 0.33824
08 - Public Light Buses 0 17287 5 0 1041998 284 0 143066 39 0.00000
09 - Private Light Bus <=3.5t 15 1422 0 243 46511 0 33 6386 0 0.22376
10 - Private Light Bus >3.5t 1 11123 89 8 306314 1285 1 42057 176 0.26549
11 - Non-franchised Bus<=6.4t 0 10186 0 0 312080 0 0 42849 0 0.23772
12 - Non-franchised Bus 6.4-15t 0 7067 0 0 212129 0 0 29125 0 0.00000
13 - Non-franchised Bus 15-24t 0 15513 0 0 464127 0 0 63725 0 0.00000
14 - Franchised Bus (SD) 0 2934 0 0 49209 0 0 6756 0 0.00000
15 - Franchised Bus (DD) 0 62351 0 0 1275254 0 0 175092 0 0.00000
16 - Motorcycles (MC) 521672 0 0 1418079 0 0 194702 0 0 2.67933
17 - Heavy Goods Vehicles>24t 0 29975 0 0 646191 0 0 88722 0 0.33785
18 - Non-franchised Bus >24t 0 8 0 0 239 0 0 33 0 0.00000
19 - <Placeholder (P3)> 0 0 0 0 0 0 0 0 0 0.00000
20 - <Placeholder (P4)> 0 0 0 0 0 0 0 0 0 0.00000
21 - <Placeholder (P5)> 0 0 0 0 0 0 0 0 0 0.00000

Annex B

Temperature and Relative Humidity Data Adopted for Estimation of Long-Term Air Quality Impact of NO,

Year: 2022
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Weather Station: Wetland Park
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