
Appendix 3.4 Calculation of Emission Rate of the Industrial Chimneys within the Assessment Area

Emission Rates and Parameters
Emission Source Listing in AERMOD

Specified Processes [a]

Source Emission Point ID Type X1 Y1 Height (mAG) Exit temp (K) [b] Exit velocity (m/s) Stack Diameter (m) Operation Hours [e] NO2 / NOx Ratio [c] NOx SO2 NH3 H2S RSP / TSP Ratio FSP / TSP Ratio TSP RSP FSP Particle Size Distribution Adopted
CH1_1A Point 820789.41 835984.50 40.4 393 7.5 0.48 24 10% 3.2222E-01 [d] 1.3528E+00 - - 0.50 [f] 0.12 [f] 3.0556E-02 1.5278E-02 3.6667E-03 Table 1.3-6, USEPA AP-42
CH1_1B Point 820716.47 835970.21 40.4 393 7.5 0.488 24 10% 4.2500E-01 [d] 6.0833E-01 - 5.5556E-03 - 0.10 [i] 2.5000E-02 2.5000E-02 2.5000E-03 Table A.2, TNO-report, R 2002/411

CH1_27/A Point 820846.44 835996.76 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.3889E-02 1.3889E-02 1.3889E-03 Table A.2, TNO-report, R 2002/411
CH1_27/B Point 820852.63 836001.52 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.3889E-02 1.3889E-02 1.3889E-03 Table A.2, TNO-report, R 2002/411
CH1_27/C Point 820858.50 836005.65 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.3889E-02 1.3889E-02 1.3889E-03 Table A.2, TNO-report, R 2002/411
CH1_27/D Point 820850.88 835991.12 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.3889E-02 1.3889E-02 1.3889E-03 Table A.2, TNO-report, R 2002/411
CH1_27/E Point 820856.83 835995.65 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.3889E-02 1.3889E-02 1.3889E-03 Table A.2, TNO-report, R 2002/411
CH1_27/2 Point 820840.80 835993.66 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.3889E-02 1.3889E-02 1.3889E-03 Table A.2, TNO-report, R 2002/411
CH1_27/4 Point 820846.52 835986.44 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.3889E-02 1.3889E-02 1.3889E-03 Table A.2, TNO-report, R 2002/411
CH1_28 Point 820730.61 835990.05 4.4 0 24.0 0.25 24 - - - - - - 0.10 [i] 2.5000E-02 2.5000E-02 2.5000E-03 Table A.2, TNO-report, R 2002/411

CH1_38/A Point 820862.79 836000.09 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.2778E-02 1.2778E-02 1.2778E-03 Table A.2, TNO-report, R 2002/411
CH1_38/B Point 820868.82 836004.22 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.2778E-02 1.2778E-02 1.2778E-03 Table A.2, TNO-report, R 2002/411
CH1_38/C Point 820864.26 836010.39 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.2778E-02 1.2778E-02 1.2778E-03 Table A.2, TNO-report, R 2002/411
CH1_38/2 Point 820875.01 836008.90 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.2778E-02 1.2778E-02 1.2778E-03 Table A.2, TNO-report, R 2002/411
CH1_38/4 Point 820880.88 836013.36 30.4 0 13.0 0.25 24 - - - - - - 0.10 [i] 1.2778E-02 1.2778E-02 1.2778E-03 Table A.2, TNO-report, R 2002/411
CH1_39 Point 820748.81 835997.83 30.4 0 24.0 0.25 24 - - - - - - 0.10 [i] 2.5000E-02 2.5000E-02 2.5000E-03 Table A.2, TNO-report, R 2002/411
CH1_40 Point 820735.53 835983.22 4.4 0 15.2 0.225 24 - - - - - - 0.10 [i] 1.2222E-02 1.2222E-02 1.2222E-03 Table A.2, TNO-report, R 2002/411
CH2_S1 Point 820557.75 836275.68 21 393 15 0.27 9 (0900 - 1800) 10% 3.1111E-01 [d] - - - - - 1.7778E-02 1.7778E-02 1.7778E-02 No dry deposition applied
CH2_S2 Point 820568.57 836275.22 18.1 0 0.7 0.72 9 (0900 - 1800) - - - 2.1944E-04 2.1944E-05 - - - - - -

CH2_S3-1 Point 820555.31 836241.43 3.85 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S3-2 Point 820555.31 836241.43 3.85 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S3-3 Point 820555.31 836241.43 3.85 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S6 Point 820569.05 836240.91 8.4 0 0.7 0.1 9 (0900 - 1800) - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S7 Point 820567.57 836230.01 7.3 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S8 Point 820553.80 836230.11 6.6 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S9 Point 820553.80 836230.11 6.6 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S10 Point 820560.25 836217.12 5.9 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S11 Point 820577.29 836216.75 4.4 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S12 Point 820559.88 836205.39 7.4 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S13 Point 820577.48 836205.02 3.6 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S14 Point 820568.07 836194.51 6.5 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -
CH2_S15 Point 820568.57 836275.22 18.1 0 0.7 0.1 9 (0900 - 1800) - - - 5.5556E-05 5.5556E-06 - - - - - -

CH3_EP2 Point 820909.50 836201.59 16 343 18.3 1 22 (0700 - 0500 the next day) 10% 2.6278E-01 9.3056E-01 - - 0.64 [g] 0.12 [g] 6.0102E-02 3.8194E-02 7.2065E-03 Table 11.5-3 Rotary Dryer, USEPA AP-42
and Filter Bag Removal Efficiency

CH3_EP3 Point 820909.15 836206.99 33 0 8.3 0.24 22 (0700 - 0500 the next day) - - - - - 0.87 [j] 0.40 [j] 4.1473E-04 3.6111E-04 1.6414E-04 Appendix B2 Cat 3, USEPA AP-42 and Filter
Bag Removal Efficiency

CH3_EP4 Point 820909.15 836206.99 35 0 4.93 0.41 22 (0700 - 0500 the next day) - - - - - 0.87 [j] 0.40 [j] 3.4455E-02 3.0000E-02 1.3636E-02 Appendix B2 Cat 3, USEPA AP-42 and Filter
Bag Removal Efficiency

CH3_EP5 Point 820909.50 836201.59 8.4 0 4.89 0.67 22 (0700 - 0500 the next day) - - - - - 0.87 [j] 0.40 [j] 2.4948E-02 2.1722E-02 9.8737E-03 Appendix B2 Cat 3, USEPA AP-42 and Filter
Bag Removal Efficiency

CH3_EP5A Point 820909.50 836201.59 8.4 0 4.89 0.67 22 (0700 - 0500 the next day) - - - - - 0.87 [j] 0.40 [j] 1.0528E-03 9.1667E-04 4.1667E-04 Appendix B2 Cat 3, USEPA AP-42 and Filter
Bag Removal Efficiency

CH3_EP7 Point 820909.15 836206.99 33 0 12.4 0.2 22 (0700 - 0500 the next day) - - - - - 0.87 [j] 0.40 [j] 1.4037E-03 1.2222E-03 5.5556E-04 Appendix B2 Cat 3, USEPA AP-42 and Filter
Bag Removal Efficiency

CH3_EP8 Point 820909.15 836206.99 33 0 12.4 0.2 22 (0700 - 0500 the next day) - - - - - 0.87 [j] 0.40 [j] 1.4037E-03 1.2222E-03 5.5556E-04 Appendix B2 Cat 3, USEPA AP-42 and Filter
Bag Removal Efficiency

CH3_EP9 Point 820909.15 836206.99 33 0 12.4 0.2 22 (0700 - 0500 the next day) - - - - - 0.87 [j] 0.40 [j] 1.4037E-03 1.2222E-03 5.5556E-04 Appendix B2 Cat 3, USEPA AP-42 and Filter
Bag Removal Efficiency

CH3_EP10 Point 820909.15 836206.99 33 0 12.4 0.2 22 (0700 - 0500 the next day) - - - - - 0.87 [j] 0.40 [j] 1.4037E-03 1.2222E-03 5.5556E-04 Appendix B2 Cat 3, USEPA AP-42 and Filter
Bag Removal Efficiency

CH3_EP11 Point 820909.15 836206.99 33 0 12.4 0.2 22 (0700 - 0500 the next day) - - - - - 0.87 [j] 0.40 [j] 1.4037E-03 1.2222E-03 5.5556E-04 Appendix B2 Cat 3, USEPA AP-42 and Filter
Bag Removal Efficiency

CH3_EP12 Point 820920.44 836202.43 2.6 0 19.5 0.11 22 (0700 - 0500 the next day) - - - - - 0.87 [j] 0.40 [j] 1.0528E-02 9.1667E-03 4.1667E-03 Appendix B2 Cat 3, USEPA AP-42 and Filter
Bag Removal Efficiency

CH3_EP14 Point 820909.50 836201.59 10 0 12.4 0.2 22 (0700 - 0500 the next day) - - - - - 0.87 [j] 0.40 [j] 1.3718E-05 1.1944E-05 5.4293E-06 Appendix B2 Cat 3, USEPA AP-42 and Filter
Bag Removal Efficiency

CH4_EP1 Point 820466.36 835928.74 22.9 307 11 1.5 8 (0700 - 1500) - - - 3.028E-01 - 0.92 [h] 0.82 [h] 2.5278E-01 2.3256E-01 2.0728E-01 Appendix B2 Cat 8, USEPA AP-42
CH4_EP2 Point 820468.38 835966.26 12.5 423 11 0.25 8 (0700 - 1500) 10% 9.7222E-03 3.6111E-02 - - 0.50 [f] 0.12 [f] 9.7222E-04 4.8611E-04 1.1667E-04 Table 1.3-6, USEPA AP-42
CH4_EP3 Point 820489.21 835982.82 12.5 423 9.8 0.25 8 (0700 - 1500) 10% 9.7222E-03 3.6111E-02 - - 0.50 [f] 0.12 [f] 9.7222E-04 4.8611E-04 1.1667E-04 Table 1.3-6, USEPA AP-42

Note:
[a] Information are extracted from Specified Processes Licenses provided by EPD Regional Office.
[b] If no specific exit temperature is available, the exit temperature are assumed to be ambient temperature and set as 0 K in the model.
[c] According to "Guidelines on Choice of Models and Model Parameters" by HKEPD, NO2/NOx ratios reported in the Heathrow Airport EIA report is adopted.
[d] Emission rates of NOx are extracted from the emission rates stated as "Nitrogen Oxides (expressed as Nitrogen Dioxide)" and / or "Nitrogen Oxides" in SP Licence (as confirmed with EPD).
[e] If no actual operation hours are stated on the Specified Processes Licences, the operation hours will be assumed to start at 0700. The operation hours of Dunwell Industrial (Holding) Ltd. is provided by the operators under the questionnaires conducted for this EIA study.
[f] With reference to the ratio of PM10 / PM or PM2.5/PM emission factor for industrial boiler firing distillate oil in Table 1.3-6, USEPA AP42
[g] With reference to the particulate size distribution of PM2.5, PM10 and PM for refractory manufacturing (fire clay) in Table 11.5-3, USEPA AP-42 together with the removal efficiency of bag filter for different particle sizes.
[h] With reference to Category: 8, Table B.2.2, Appendix B2, USEPA AP42
[i] Particulate size distribution is not available, TSP emission rate is adopted to RSP emission rate as a conservation approach.  FSP ratio is taken reference from "Potentials and costs to reduce PM10 and PM2.5 emissions from industrial sources in the Netherlands, TNO-report, R 2002/411" for rubber and plastics manufacturing.
[j] With reference to the particulate size distribution of PM2.5, PM10 and PM in Cat. 3, Appendix B2, USEPA AP-42 together with the removal efficiency of bag filter for different particle sizes.

Non Specified Processes

Source Emission Point ID [A] Type X1 Y1 Height (mAG) [B] Exit temp (K) [D] Exit velocity (m/s) [D] Stack Diameter (m) [D] Operation Hours [E] NO2 / NOx Ratio NOx SO2 NH3 H2S RSP / TSP Ratio FSP / TSP Ratio TSP RSP FSP Particle Size Distribution Adopted
Nestlé Hong Kong Ltd [C] [G] CH5_1 Point 820838.99 835841.78 31.5 373 2.53 1.00 14 (0800 - 2200) 10% 1.8311E-01 5.8889E-01 - - - - 2.2076E-02 1.4444E-02 5.7769E-03 Table 1.3-6, USEPA AP-42
San Miguel Brewery Hong Kong Limited [C] CH6_1 Point 820670.91 835841.16 48.5 534 6 0.85 24 10% 1.0800E-01 3.8340E-03 - - - - 1.0800E-02 5.4000E-03 1.3500E-03 Table 1.3-6, USEPA AP-42

CH7_1 Point 820601.99 836055.70 35 496 10.1 0.70 24 10% 4.3843E-01 1.5564E-02 - - - - 4.3843E-02 2.1922E-02 5.4804E-03 Table 1.3-6, USEPA AP-42
CH7_2 Point 820608.10 836040.95 35 496 10.1 0.70 24 10% 4.3843E-01 1.5564E-02 - - - - 4.3843E-02 2.1922E-02 5.4804E-03 Table 1.3-6, USEPA AP-42

Eu Yan Sang [G] CH8_1 Point 820550.92 836153.28 25 373 6 1.00 9 (0900 - 1800) 10% 1.8311E-01 5.8889E-01 - - - - 2.2076E-02 1.4444E-02 5.7769E-03 Table 1.3-6, USEPA AP-42

Note:
[A] Number of emission points is verified on site or provided by operator.
[B] Height of emission point is verified on site or provided by operator.
[C] Information is provided by operator.
[D] If the stack parameters (CH5_1 and CH8_1) are not available, emission temperature of 373K, exit velocity of 6 m/s and stack diameter of 1m are assumed wherever is applicable as a typical assumption.
[E] Operation hours are provided by operators. If no information on operation hours is provided, operation hours of the emission point is assumed as 24 hour as the worst case scenario.
[F]

[G] Boiler (a fuel consumption source) is assumed to be the most common facility to be found in various industries. The fuel consumption rate is not available for those non Specified Processes (SP) industries, the emission rates are made reference to that of SP Licences within the assessment area.  Among all the emission information from the SP Licence within the assessment area, the emission sources of CH1_1A, CH4_EP2, CH4_EP3, CH2_S1 and CH3_EP2 are involved in the fuel
combustion process. , the average emission rates among these identified sources are therefore adopted as a reasonable base case scenario for this EIA Study .

Referenced from the information of Butterfly Beach Laundry’s Chimneys in the approved EIA Study "Tuen Mun - Chek Lap Kok Link"
Consumption Rate of Fuel, kg/h: 559
Density of diesel oil is assumed as 0.85kg/L

SO2 (g/s): F x 0.12 x 142S /3600
NOx (g/s): F x 0.12 x 20 / 3600
PM (g/s): F x 0.12 x Ef / 3600
where F is the fuel consumption (L/hr),

S is the weight % of sulphur in fuel oil, which is 0.005% in Hong Kong as stipulated in to the Air Pollution Control (Fuel Restriction) (Amendment) Regulation (the "Amendment Regulation")
Ef is the emission factor of different size particles, which is 2.00 for TSP, 1.00 for RSP and 0.25 for FSP with reference to Table 1.3-6, AP-42, USEPA.
Factor of 3600 is the conversion factor for hour to second (1 hr = 60 min x 60 sec).

The emission temperature, exit velocity and stack diameter are in accordance with the chimney design information of Butterfly Beach Laundry in the assessment.

Emission Rate (g/s)

Vogue Laundry Service Limited [F]

Hong Kong Petrochemical Co. Ltd. - CH1
(SPL No.: L-13-003(7)) [i]

EMIX Industrial (HK) Ltd. (former: Eastern
Pretech) - CH3
(SPL No.: L-11-039(4))

Yau Sang Galvanizing (Hot-Dip) Co. Ltd. - CH4
(SPL No.: L-27-001(5))

Emission Rate (g/s)

Dunwell Industrial (Holding) Ltd. - CH2
(SPL No.: L-26-001(6))

Emission Rate (g/s)

Emission Rate (g/s)
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Appendix 3.4 Calculation of Emission Rate of the Industrial Chimneys within the Assessment Area

Particle Size Distribution for CH1_1A of Hong Kong Petrochemical Co. Ltd., CH4_EP2 & CH4_EP3 of Yau Sang Galvanizing (Hot-Dip) Co. Ltd., non SP plants
Reference: Table 1.3-6, USEPA AP-42

 Particle Diameter (µm) Average Particle Diameter (µm) Cumulative Mass % of Stated Size
0.625 0.3125 2%

1 0.8125 8%
1.25 1.125 9%
2.5 1.875 12%
6 4.25 30%
10 8 50%
15 12.5 68%

Particle Size Distribution for CH4_EP1 of Yau Sang Galvanizing (Hot-Dip) Co. Ltd.
Reference: Category 8, Process: Melting, Smelting, Refining, Appendix B2, USEPA AP-42

 Particle Diameter (µm) Average Particle Diameter (µm) Cumulative Mass % of Stated Size
1 0.5 72%
2 1.5 80%

2.5 2.25 82%
3 2.75 84%
4 3.5 86%
5 4.5 88%
6 5.5 89%
10 8 92%

Remarks:
Particle size distribution of various processes are extracted and presented as above, thus Method 1 of particle dry deposition is applied in AERMOD for the above sources.

Particle Size Distribution for Hong Kong Petrochemical Co. Ltd. (except  CH1_1A)
RSP emission is adopted TSP emission as a conservation approach.  FSP fraction is 0.1, thus Method 2 of particle dry deposition is applied in AERMOD.
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Appendix 3.4 Calculation of Emission Rate of the Industrial Chimneys within the Assessment Area

Particle Size Distribution for CH3_EP2 of EMIX Industrial (HK) Ltd.
Reference: Table 11.5-3 (Rotary Dryers), USEPA AP-42

According to the SP Lisence, CH3_EP2 is served for sand dryer. The uncontrolled particle size distribution with reference to Table 11.5-3 (Rotary Dryers) in USEPA AP-42 is adpoted adopted at this emission point.

Particle Diameter (µm) Average Particle Diameter (µm) Cumulative Mass % of Stated Size
2.5 1.25 2.5%
6 4.25 10%
10 8 24%
15 12.5 37%
20 17.5 51%

Uncontrolled RSP/TSP Ratio = 0.24
Uncontrolled FSP/TSP Ratio = 0.025

According to the SP Licence of the plant, bag filters have been installed at each emission point. The removal efficency of the bag filter for different particle sizes are shown below.

Particle Diameter (µm) Dust Removal Efficency References
10 - 30 [1] 99.9 SP Lisence

6 - 10 99.5 USEPA AP-42 Appendix B2
2.5 - 6 99.5 USEPA AP-42 Appendix B2
0 - 2.5 99 USEPA AP-42 Appendix B2

Therefore, the particle size distribution at the emission points of EMIX Industrial (HK) Ltd. would be as follows.

Particle Diameter (µm) Uncontrolled Distribution Controlled Distribution Normalized Controlled Disribution
10 - 30 0.76 0.00076 0.3645
2.5 - 10 0.215 0.001075 0.5156
0 - 2.5 0.025 0.00025 0.1199

From the table above, the controlled particle ratio at CH3_EP2 of EMIX Industrial (HK) Ltd. is shown below.
Controlled RSP/TSP Ratio = 0.6355
Controlled FSP/TSP Ratio = 0.1199

Remarks:
Particle size distribution of various processes are extracted and presented as above, thus Method 1 of particle dry deposition is applied in AERMOD for the above source.
[1] The removal efficiency of the filter for the particle size range for 10-30 µm is not suggested in USEPA AP-42. Hence, the filter bag dust removal efficiency of 99.9% stated in the SP Lisence is adopted for the pariticle size range of 10-30 µm.
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Appendix 3.4 Calculation of Emission Rate of the Industrial Chimneys within the Assessment Area

Particle Size Distribution for EMIX Industrial (HK) Ltd. (except CH3_EP2)
Reference: Category 3, Process: Mechanically Generated, Appendix B2, USEPA AP-42

According to Appendix B2 of USEPA AP-42, the uncontrolled particle size distribution of mechanically generated process presented below.

Particle Diameter (µm) Average Particle Diameter (µm) Cumulative Mass % of Stated Size
1 0.5 4.0%
2 1.5 11%

2.5 2.25 15%
3 2.75 18%
4 3.5 25%
5 4.5 30%
6 5.5 34%
10 8 51%

Uncontrolled RSP/TSP Ratio = 0.51
Uncontrolled FSP/TSP Ratio = 0.15

According to the SP Licence of the plant, bag filters have been installed at each emission point. The removal efficency of the bag filter for different particle sizes are shown below.

Particle Diameter (µm) Dust Removal Efficency References
10 - 30 [1] 99.9 SP Lisence

6 - 10 99.5 USEPA AP-42 Appendix B2
2.5 - 6 99.5 USEPA AP-42 Appendix B2
0 - 2.5 99 USEPA AP-42 Appendix B2

Therefore, the particle size distribution at the emission points (except CH3_EP2) of EMIX Industrial (HK) Ltd. would be as follows.

Particle Diameter (µm) Uncontrolled Distribution Controlled Distribution Normalized Controlled Disribution
10 - 30 0.49 0.00049 0.1293
2.5 - 10 0.36 0.0018 0.4749
0 - 2.5 0.15 0.0015 0.3958

From the table above, the controlled particle ratio at the emission points of EMIX Industrial (HK) Ltd. is shown below.
Controlled RSP/TSP Ratio = 0.8707
Controlled FSP/TSP Ratio = 0.3958

Remarks:
Particle size distribution of various processes are extracted and presented as above, thus Method 1 of particle dry deposition is applied in AERMOD for the above source.
[1] The removal efficiency of the filter for the particle size range for 10-30 µm is not suggested in USEPA AP-42. Hence, the filter bag dust removal efficiency of 99.9% stated in the SP Lisence is adopted for the pariticle size range of 10-30 µm.
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      INDUSTRIAL EMISSION SOURCE

Appendix 3.4a Location of Industrial Emission Sources within the Assessment Area

Please refer to 
Appendix 3.4b.



      INDUSTRIAL EMISSION SOURCE

Appendix 3.4b Location of Industrial Emission Sources within the Assessment Area



            BUILDING BLOCK
                    CONSIDERED IN THE

        ASSESSMENT

Appendix 3.4c Building Layout of Industrial Buildings within the Assessment Area

6

6


