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1.
1.1
1.1.1

HKSAR BASE YEAR INVENTORY METHDOLOGY
HKSAR Emission Inventory Methodology Summary

In HKSAR, three approaches were employed for the formulation of the base year emission
inventory. The first approach is direct computation of emissions from activity data and emission
factors representative of the base year. This method was applied to power plants, industrial,
mobile, domestic, commercial and rural sources.

The second approach is to project PATH emissions from 1995 to 1997 using the activity factors
characteristic of the emission category (i.e., activity-based projection). For example, the number
of vehicles in HKSAR in 1995 and 1997 is a very good surrogate for the vehicle refuelling
source emission category.

The third approach is used for source categories with small emission totals. In this approach, the
1997 emissions were projected from 1995 PATH value to 1997 using the growth in population in
HKSAR between the two years (5.62%).

For all significant domestic and commercial sources, such as VOC emission, effective emission
factors developed in PATH were used by applying 1997 official activity data sources. The
effective emission factor is the average emission factor for a source category computed as the
total category emission rate divided by the applicable composite 1995 activity data. When the
effective emission factor is multiplied by the new year activity data, a projected emission
estimate is obtained. For this study, this method is called an activity-based projection.

Past experience suggested that all emission inventories have inherent, unquantified uncertainties,
which account for at least 10% of the emission totals. To increase the accuracy of the emission
inventory, direct computation was used as far as possible. Table 1-1 presents a listing of the
methodology employed for each source category.

Table 1-1 Base Year HKSAR Emission Inventory Methodology for Computation of Emissions

Source Sector [ Methodalo&y
Major Point Sources
Power Generation Direct Calculation
Incinerators Direct Calculation
[IPrinting Activity-Based Projection
ICement Production Direct Calculation
Paint Manufacturing Population-Based Projection
Textile Manufacturing Activity-Based Projection
Waste Incineration Direct Calculation
Fuel Consumption (Military/Domestic/Commercial/Industrial) Direct Calculation
Mobile Sources
Motor Vehicles Direct Calculation
Marine Vessels Direct Calculation
Aircrafts Direct Calculation
Railways Direct Calculation
Domestic, Commercial and Rural Sources
Animal Waste Ammonia Direct Calculation
Human Sweat & Exhalation Ammonia Direct Calculation
Nitrogen Fertiliser Application Ammonia Direct Calculation
Paved and Unpaved Road Dust Direct Calculation
Dry Cleaning Direct Calculation
Fuel Terminals Activity-Based Projection
Quarries Activity-Based Projection
Petrol Handling and Distribution Activity-Based Projection
lIDomestic solvent use Activity-Based Projection
lIConstruction Dust Population-Based Projection
[IPaint Application Activity-Based Projection
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1.2
1.2.1

HKSAR Base Year Major Point Emission Estimation

There are two major sectors under point sources, namely specified processes and other industrial
operations. The specified processes were designated under the Air Pollution Control (Specified
Processes) Regulations which including thirty one processes such as power generation, cement,
chlorine, petrochemical and gas works etc. Parameters for the industrial emission sources
collected are listed in Table 1-2 below.

Table 1-2 HKSAR Source Database for Specified Processes for the Base Year Emission Inventory

1.2.2

1.2.3

1.2.4

1.2.5

Description of the Industrial Source Data

Name, location and capacity of the facility
Facility type in accordance to the Hong Kong Industrial Code
Predominant fuel type and consumption
Maximum pollutant emission rate

Chimney height

Minimum efflux velocity

Stack diameter

Exhaust temperature

Information on control equipment

Operation hours

Reference key of every industrial emission source

[rel BN Real RO R N AR L S

N

—
<

—

For power generation, 1997 plant activity information, fuel usage and stack monitoring data were
used for estimating emissions, provided by each of the power plants operated by the CLP Power
Hong Kong Limited and Hong Kong Electric Co. Ltd. The total power plant emission was
allocated to each chimney in proportion to the allocation of emission between chimneys in the
1995 PATH emission inventory.

Textile manufacturing emission for HKSAR in 1997 was estimated from 1995 and 1997
employment in the textile manufacturing industry and the effective emission factor from the
PATH 1995 inventory. The above two source categories are responsible for the bulk of the point
source emission in HKSAR. For all other industrial sources, emissions were projected to 1997
based upon the PATH 1995 emission rate. A summary of the data collection and emission
estimation methodology for point sources is given in Table 1-3.

For those sources for which the data in Table 1-3 are used, the growth from 1995 to 1997 were
estimated as a 2-year linear interpolation in the growth rate over the four year period, 1994 to
1998, for the most appropriate point sector.

No surrogates were used to project key point source categories including power generation,
textile manufacturing, and printing. These source categories account for at least 90% of point
source emissions for SO,, VOC, and NO,. The remaining source categories, responsible for a
small portion of the anthropogenic emission inventory, were estimated for 1997 using direct
computation or projected from 1995 to 1997 using population growth, industry-specific sector
census data, or production data obtained from Census and Statistics Department of the HKSAR
Government. Industrial employment growths in HKSAR between 1994 and 1999 are shown in
Table 1-4.
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Table 1-4 Number of Persons Engaged by Major Source Sectors (thousands)

Industry sector 1994 1998 1999
All industry sectors'” 2 381.0 (+3.7) 2180.5 (-6.5) | 2,042.4 (+2.8)
Mining and quarrying 0.5(+14.3) 0.5 (+10.5) 0.3 (-25.1)
Manufacturing 4384 (-13.7) 257.0 (-16.9) 244.5(-4.9)
Electricity and gas 11.8(¢-1.7) 9.1 (-6.7) 8.9 (-2.6)
Construction sites (manual workers only) 60.4 (+15.7) 758 (-2.9) 68.7 (-9.4)
Wholesale, retail and import/export trades, restaurants and hotels'” 1,051.2 (+9.7) 946.6 (-7.8) 997.5 (+5.4)
Transport, storage and communications’) 166.0 (+8.3) 169.6 (-4.5) 175.6 (+3.6)
Financing, insurance, real estate and business services 361.1 (+7.5) 398.1 (-4.3) 406.9 (+2.2)
Community, social and personal services') 291.7 (+5.9) 323.9(+3.2) 340.0 (+5.0)

1.2.6

127

1.2.8

1.2.9

1.2.10

Notes: Figures refer to September of the year.
(1) Figures refer only to those selected industries covered in the Quarterly Survey of Employment and Vacancies, and
the Quarterly Employment Survey of Construction Sites.

The 1997 EPD inventory contains direct computation of combustion emissions for all power
stations and three other industrial sources. Also included in the EPD 1997 inventory is emission
for military, government, commercial, industrial, and domestic fuel combustion. All the industrial
combustion emissions are based upon 1997 fuel usage for each source. The three other stationary
industrial sources are the Kwai Chung and Enviropace Limited incinerators and a cement kiln.
The Kwai Chung incinerator only operated part of the year in 1997.

A continuous emission monitor (CEM) measuring SO, and NO, emission was in operation at the
cement kiln. The average hourly mass flow of SO, and NO,, as measured by the CEM, was used
to estimate SO, and NO, emissions for the kiln.

The EPD 1997 inventory included 1997 fuel consumption in HKSAR for non-aviation kerosene,
non-motor vehicle diesel oil, gas oil, number three oil, liquid petroleum gas (LPG) and town gas.
Appropriate emission factors for combustion of these fuels by military, governmental,
commercial, industrial, and domestic users were also contained in the EPD inventory.

All emission computations for industrial fuel combustion and the cement kiln follow the
computations performed by EPD for the 1997 inventory and used the EPD emission factors.

To prevent double counting of combustion emission from the industrial fuel use, the fuel used by
specific source categories was subtracted from total fuel use prior to computation of emission.
Table 1-5 presents the source categories for which fuel use subtracted from total fuel use prior to
computation of fuel combustion emissions. In addition, there are two source categories for which
emissions did not directly computed since emissions for the source category were indirectly
included in the fuel use emission computation. These source categories are also presented in
Table 1-5.

Table 1-5 Sources Considered in Preventing Double Counting of Fuel Combustion Emissions

1.3
1.3.1

Source Considered Action

Cement Kiln Fuel Use Subtracted Prior to Computation of Emission
Kwai Chung Incinerator Fuel Use Subtracted Prior to Computation of Emission
Enviropace Limited Incinerator Fuel Use Subtracted Prior to Computation of Emission
Marine Ferries Fuel Use Subtracted Prior to Computation of Emission
Locomotives Fuel Use Subtracted Prior to Computation of Emission
Airport Ground Equipment Not Computed Since Indirectly in Fuel Use Computation
Construction Diesel Equipment Not Computed Since Indirectly in Fuel Use Computation

HKSAR Base Year Mobile Source Emission Estimation

The emission from mobile sources are mainly divided into two sectors, on-road and off-road.
Motor vehicular emissions are classified under the on-road category. Railway, aviation, and
vessel movements are off-road mobile sources. A summary of the data collection and emission
estimation methodology for mobile sources in HKSAR is given in Table 1-6.

April, 2002 TA4-4
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1.3.2

1.33

1.34

1.3.5

1.3.6

1.3.7

1.3.8

1.3.9

1.3.10

Current and future motor vehicle emissions in HKSAR are available in the Strategic
Environmental Assessment (SEA) report of the Third Comprehensive Transport Study (CTS3)
(TD, 1999). This Study is the most recent approved government study analysing motor traffic in
HKSAR and contains consistent projections of motor vehicle emission for all districts under a
number of future scenarios through 2016. The base year for motor vehicle emission in the CTS3
is 1997 and from which traffic emission was estimated directly.

Annual vehicle-kilometres-travelled (VKT) were obtained for 18 districts in HKSAR. VKT of
the 18 districts is then sub-divided into 10 vehicles categories in accordance to the CTS3
classification as shown in Table 1-7. The length of paved and unpaved roads within the territory
was extracted from the Traffic Census.

Motor vehicle emissions were computed as the summation of emission factor times VKT over all
vehicle classes and districts in HKSAR. The 1997 VOC, RSP, and NO, emission factors used in
the CTS3 study were used. For SO,, emissions were computed as the VKT divided by mean fuel
economy for each vehicle class times the mean sulphur content of the fuel (0.05% S for diesel
and 0.005% S for petrol), adjusted to reflect SO, rather than S emissions.

All exhaust particulate emissions were assumed to be RSP, consistent with the combustion nature
of motor vehicle emissions. VOC emissions were assumed to be 100% of hydrocarbon
emissions for petrol vehicles and 88% for diesel vehicles, consistent with California Air
Resources Board speciation factors for diesel exhaust (CARB, 1991).

For marine emission, 1997 shipping activity data for Victoria Harbour and HKSAR waters were
collected from Hong Kong Marine Department, Hong Kong Port and Maritime Board, port
related organisations and Hong Kong Annual Digest of Statistics. Statistics for inward and
outward movement of vessels in terms of vessel types were obtained. Shipping lanes for marine
traffic were obtained from Marine Department.

For all vessels except HKSAR ferries, emission factors were estimated using the most recent
vessel emission factor methodology developed by Sierra Research for USEPA (EPA, 2000). For
HKSAR ferries, fuel use statistics were used to estimate vessel emissions using current EPD
emission factors for ferry emissions.

To obtain more port specific engine size for all vessel movements within HKSAR Waters,
Marine Department has provided the port call statistics for various vessel Gross Registered
Tonnage (GRT) classifications (GRT is broadly, the capacity of a ship in cubic feet of the space
within the hull, and of the enclosed space above the deck available for cargo, stores, fuel,
passengers and crew, with certain exceptions, divided by 100). By using these statistics, the
vessel engine size could be referenced to the Corinair report (EMEP/CORINAIR, 2000).

Based on the port call statistics, relevant vessel engine sizes were made reference to the
information presented in the Corinair report (EMEP/CORINAIR, 2000). Emission calculation for
marine movement were based on the methodology presented in the USEPA document “Analysis
of Commercial Marine Vessels Emissions and Fuel Consumption Data (EPA420-R-00-002 dated

February 2000).

For the purpose of summarising emissions, emissions were computed separately for Victoria
Harbour and adjoining mooring locations and also for the remainder of the HKSAR waters. In
addition, emissions in international shipping lanes were also computed separately.
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Agreement No. CE[06/98 Study of Air Quality in the Pearl River Delta Region

1.3.11

1.3.12

1.3.13

1.4
14.1

14.2

Hong Kong Kai Tak International Airport was the only operating civil airport in 1997. The 1995
and 1997 airport activity data were obtained from Civil Aviation Department including airport
diurnal profiles, runway usage, civil international traffic by movement type, aircraft analysis by
aircraft type by movement type, airport instrument guidance for landing and taking off (LTO).
The 1997 LTO data were used, along with the emission factors for different aircraft type from
USFAA Aircraft Engine Emissions Database (FAEED) Version 2.1 (Nov 95) to compute the
aviation NO,, SO,, and VOC. Time in Mode was taken from the PATH Project (which in turn
relied on default time in mode values defined by the USFAA for typical US airports). Ground
equipment emissions were not computed directly, since emission from these sources was
indirectly contained within the domestic/commercial/industrial fuel combustion computation for
HKSAR.

Helicopter movement data from the Central Heliport and Shun Tak Heliport were also obtained
from Civil Aviation Department. However, no information was gathered for Shek Kong Airport
as its operation is considered to be very limited.

Emissions from diesel locomotives were computed directly using diesel fuel usage for KCRC and
MTRC locomotives. The PATH line-haul locomotive emission factors specific for the two types
of line-haul locomotives in use by MTRC (4-stroke turbocharged) and KCRC (2-stroke
supercharged) were used. MTRC switch-yard locomotive emissions were computed using
USEPA emission factors for switch-yard locomotives (USEPA, EPA 420-F-97-051 Table 3).

HKSAR Base Year Domestic, Commercial and Rural Source Emission Estimation

In 1998, Hong Kong Productivity Council (HKPC) conducted a territory wide research on dry
cleaning industry in HKSAR. Through phone, postal and field surveys, HKPC collected
extensive information of dry cleaning processes including number of dry cleaning shops, dry
cleaning machines used and amount of perchloroethylene used etc. (HKPC 1998). The use of
perchloroethylene was extracted for direct computation of VOC emission from dry cleaning
industry in this Study.

HKSAR 1997 paved road dust emission was estimated in the CTS3 SEA Report. The same
methodology was used to estimate emission directly for this study with one exception. Emissions
of paved road dust were reduced by a precipitation adjustment factor in a manner comparable to
that used by the US EPA during the preparation of the 1998 National Air Pollution Trends Report
(USEPA, 1998). The emission factor equation used in the CTS3 was obtained from AP-42 and is
a fleet-average emission factor as shown below: (USEPA AP 42 Section 13.2.1, 1997)

0.65 1.5
EF =k x -S_li % «—H«—{ X égé:——[—?—+1 xf—-
2 3 365 2

where EF = emission factor (g/km),

k = particle size multiplier (4.6 g/lkm, EPA factor for PM,),

sL = roadway surface silt loading

W = average vehicle weight (assumed to be 4.3 tonnes times 1.102 to convert to US

tonnes)

P =number of days per year with measurable precipitation (greater than 0.25
mm/day)

F =0.25 (horizontal dust flux above elevation of 2m was approximately 25% of
total horizontal fluxes (DRI, 1999))
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The emission factor for unpaved road dust obtained from AP-42 Section 13.2.2 1998 is listed

as follow.
, “ P
EF = v 365

where  EF = emission factor (g/km),

s = particle size multiplier (4.6 g/km, EPA factor for PM;,)

W = average vehicle weight (assumed to be 4.3 tonnes times 1.102 to convert to US
tonnes)

M = surface material moisture content (%)

P = number of days per year with measurable precipitation (greater than 0.25
mm/day)

F =0.25 (horizontal dust flux above elevation of 2m was approximately 25% of
total horizontal fluxes (DRI, 1999))

k, a, b, ¢ = constants

1.4.3  The “Reconciling Urban Fugitive Dust Emissions Inventory and Ambient Source Contribution
Estimates: Summary of Current Knowledge and Needed Research” (DRI, 1999) report
documented the immediate recommendations for National Emissions Inventory Improvement.
The research report suggested that >2 m above ground level horizontal fluxes be used in urban-
and regional-scale source or receptor modelling. Furthermore, preliminary estimates indicated
that >2m horizontal fluxes are ~25% of total horizontal fluxes. This approximation is considered
applicable to this Study and therefore a factor of 0.25 was adopted in all fugitive dust emission
calculations.

1.4.4 1In 1997, there were no ammonia or fertiliser production facilities in HKSAR. The primary
sources of ammonia emissions were fertiliser usage, followed by human sweat and exhalation.
The usage of animal wastes as fertilisers was assumed to be negligible along with the fading of
agriculture production in HKSAR. Ammonia emissions from synthetic ammonia fertiliser
application were assumed to be 10% of total nitrogen emitted based upon IPCC guidance (IPCC,
page 4.106). Table 1-9 presents the sources of activity data and emission factors for the
computation of ammonia emissions in HKSAR.

1.4.5 It is noted that the emission inventory compiled for this project is not exhaustive. Apart from the
emission sources mentioned above, minor emission sources such as town gas leakage or landfills
ete. were also considered. It was found that the emissions of these emission sources were not
significant and therefore they are not presented in the emission inventory.
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CH2M HILL (China) Limited

Technical Annex

Agreement No. CE106/98 Study of Air Quality in the Pearl River Delta Region

Table 1-9

Activity Data and Emission Factors for Ammonia Emissions

Ammonia souree ]

Activity data

Source of Activity Data [ Emission factor

Emission Factor Source

HKSAR

Fertiliser usage

Nitrogen fertiliser used (tonnes)

Ratio from PRDEZ value
using cultivated land as
surrogate

0.1 kg (NH3+NOy/kg
fertiliser applied)

IPCC Table 4-19

Human sweat and Population HK Population & 0.25kg NHs/ IPCC, 1996. Section 9.4.6
exhalation Household Statistics, )
1997. Table 4 person/yr
Animal waste Livestock on-hand (animals by type) | AFD 0.2 kg (NH3+NO,/ IPCC Table 4-19
times N excretion by livestock type IPCC Table 4-20 kg N excreted by
livestock)
PRDEZ

Ammonia NH3 production (tonnes) SBG Table 12-35 2.1 kg/ton production | AP-42 Table 8.1-1
production
Nitrogen fertiliser Ammonium nitrate production SBG Table 12-35 46 kg/ton production | AP-42 Table 8.3-1
production (tonnes)
Nitrogen fertiliser Nitrogen fertiliser used (tonnes) SBG Table 11-18 0.1 kg (NH3+NOykg | IPCC Table 4-19
usage fertiliser applied)
Human sweat and Population SBG Table 4-1 0.25 kg NHs/ IPCC, 1996. Section 9.4.6
exhalation

person/yr
Animal waste Livestock on-hand (animals by type) | SBG Table 11-24, 11-26 | 0.2 kg (NHa+NOy/ IPCC Table 4-19

times N excretion by livestock type IPCC Table 4-20 kg N excreted)
Human waste Households without sanitary SBG Table 4-1, 10-11, 0.2 kg (NH3+NOy/ IPCC Table 4-19
applied as fertiliser | facilities i1-4 kg N excreted)
IPCC Table 4-24

Agricultural crop Residue/crop production $BG Table 11-1 2.4 kg/ton CORINAIR

waste burning

(tonnes)

UNDP Table 8-3

Table 8 B970
UNDP Table 8-3

References:

SO AWy

1998 Statistical Yearbook of Guangdong, Statistical Bureau of Guangdong.
Compilation of Air Pollutant Emission Factors, vol. 1 & 2. (5" ed.), USEPA 1995,
1996 IPCC Guidelines for National Greenhouse Gas Inventories.

Food and Agriculture Organisation, hitp://apps.fac.org/csv_down/
Manual for preparation of emissions inventories for use in modelling of transboundary air pollution, UNDP/UN DESA.
CORINAIR 1998, http:/themes.eca.eu.int/showpage.php/state/air

Agriculture, Fisheries and Conservation Department, HKSAR Government.,
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2.
2.1
2.1.1

2.13

2.2
221

222

223

PRDEZ BASE YEAR INVENTORY METHODOLOGY
Data Collection

All materials for the formulation of the base year emission inventory were obtained from the
Government departments, annual statistical year books for cities, municipalities and industries
published by the official sources, web sites of the industrial enterprises and conferences or
seminar papers. The collected data were also reviewed for their suitability by the Guangdong
Province Environmental Protection Monitoring Center (GPEMC) of the Guangdong Province
Environmental Protection Bureau (GPEPB). Sources of activity data and the methodology for
information gathering were described in detail in the following sections.

The emission inventory was prioritised to focus on the most significant source types in the Study
area. With reference to previous preliminary studies completed by GPEPB, industrial source
emission and motor vehicle emission are found to be the most significant in PRDEZ.

Based on past experience in developing regional emission inventories, that there may be data
holes, data gaps, and questionable data in the emission data. All emission estimates within the
study area were only based on data obtained from official sources or from other governmental or
comparable sources.

PRDEZ Point Source Emissions

In the 1995 comprehensive and 1996 updated emission surveys completed by Guangdong
Province Environmental Protection Bureau, there are approximately 11,000 point sources in the
PRDEZ for 1997. These point sources include all the coal-fired and gas fired power plants,
petroleum refineries, manufacturing industrial processing plants and small and village
enterprises. For each emission point, a list of 28 parameters, grouped into 13 indicators,
describing the premises operation mode, industrial type, gaseous pollutants emission rate, fuel
type and consumption rate and installed pollution control measures have been provided by
GPEMC. Details of the emission construction is shown in Table 2-1.

The emission inventory focused on the largest source categories for emission of NO, and
particulate matter. Process-specific and equipment-specific data required to differentiate between
emission factors for PRDEZ sources are not available from official sources. On-site inspections
on typical industrial premises of the dominant emission operations were carried out to obtain the
process specific data.

The facility codes provided by GPEMC were matched with the HKSAR standard industrial
classification. Some facilities have more than one chimney, but there is no information to
apportion the emissions among them. Therefore, all emissions were assigned to the highest
chimney at each facility. Additionally, some facilities have no data on chimney parameters. In
those cases, median value of chimney heights within the same source category was inserted.
Finally, there were some sources with no chimney data at all. Sources within those categories
were assigned a chimney height of 5 m so that emissions were allocated to the lowest vertical

layer of the air quality model.

April, 2002 TA4-12
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224

2.2.5

2.2.6

227

2.3
23.1

There are no process data available for the PRDEZ industrial sources. Combustion particulate
matter emissions were assumed to be 50% RSP. Process fugitive particulate matter emissions
were assumed to be 20% RSP. A weighted-average RSP fraction was then computed from the
total combustion and process fugitive RSP emissions for a given source category. USEPA
(USEPA 1996) or California Air Resources Board (CARB 1991) speciation profiles were used to
supplement any missing data for industrial sources.

PRDEZ industrial source inventory fuel use and official government statistics of domestic fuel
use were used, and these figures were cross-reference to the Guangdong Province Statistical
Yearbook for consistency.

Generic methods were used to estimate combustion VOC emission. For fuel combustion sources,
VOC emission was estimated using appropriate emission factors and activity data contained in
the inventory. The draft UNDP emission inventory manual (UNDP 2000) recommends using
factors developed by the IPCC and the choice of emission factors for PRDEZ industrial source
combustion VOC were presented in Table 2-2. These emission factors were extracted from Table
1-11 of the IPCC Guidelines Reference Manual.

Table 2-2 VOC Emission Factors (kg/TJ net calorific value)
Sector Coal Oil
Energy 3 5
Manufacturing and Construction 20 5
Commercial/Institutional 200 5
Agricultural/Forestry 200 5

Table 1-2 of the IPCC Guidelines lists a value of 20.52 TJ/ktonne for hard coal produced or
consumed in China, while Table 1-3 lists values of 43.33 and 40.19 TJ/ktonne for diesel and
residual oil, respectively. Applying these values to the emission factors in the previous table, and
using the average value of 41.76 TJ/ktonne for diesel and residual oils, gives the emission factors
listed in the Table 2-3 in units of tonnes VOC/10" tonne fuel.

Table 2-3 VOC Emission Factors (tonnes/104 tonnes fuel)
Sector Coal Gil
Energy i 2
Manufacturing and Construction 4 2
Commercial/Institutional 41 2

_”é,gricu]tural/ Forestry 41 2

PRDEZ Mobile Source Emissions

The collection of mobile source activity data required a joint effort among the consultants in
HKSAR and the Mainland due to the large area coverage and the amount of information required
for the Study. Table 2-4 shows a summary of the estimation methodology for emission from
PRDEZ. All information to be obtained for the compilation of the emission inventory were
collected from the following official sources:

Guangdong Province Environmental Protection Bureau;

Guangdong Province Environmental Protection Monitoring Center;

Guangzhou Research Institute of Environmental Protection;

Annual statistical yearbooks for cities and municipalities including Statistical Yearbook of

Dongguan 1999, Statistical Yearbook of Guangdong for 1998 and 1999, Statistical Yearbook

of Guangzhou for 1998 and 1999, Statistical Yearbook of Huizhou 1998, Statistical

Yearbook of Zhaoging 1999, Statistical Yearbook of Zhuhai 1999, Statistics and Information

Yearbooks of Shenzhen 1998 and 1999, Yearbook of Huadu 1998, Yearbook of Panyu 1998,

Yearbook of Zengcheng 1997 and Yearbook of Zhongshan 1991-1997

e China annual traffic and transportation statistical yearbooks including China Automotive
Industry Yearbook 1998 and Yearbook of Transportation & Communication 1998;

e China Energy Statistical Yearbook 1991-1996, Agricultural Statistical Yearbook of

Guangdong 1998 and Construction Statistical Yearbook of China 1998,
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232

233

234

235

2.3.6

¢ China annual environmental statistical yearbooks;
Mainland China National Standards (GB);
Mainland Cities Government departments including traffic police, statistical bureau and
EPB;
General published literatures for car manufacture industry;

e Web sites of Mainland China companies and Hong Kong companies with main investment
in the PRD; and

¢ Conference proceedings and technical journal papers world-wide

Length, daily traffic flow and type of vehicle for national super highways, highways, and major
network of the PRDEZ were collected by GPEMC and various city traffic research institutes, The
classification for the vehicle count at least included motorcycle, passenger cars, taxi, public
buses, light-diesel goods vehicle, and heavy goods diesel vehicles.

Length and hourly traffic flow within the nine major cities (Guangzhou, Shenzhen, Zhuhai,
Zhongshan, Foshan, Jiangmen, Zhaoqing, Huizhou, Dongguan) of the PRDEZ were provided by
GPEMC and the HKSAR traffic sub-consultant. The information provided was referenced to the
yearbooks and statistical yearbooks of each individual city. Discrepancies among different
sources were reviewed and verified among the team members.

Annual VKT for each vehicle class (motor cycle, diesel goods vehicles, large petrol vehicles (20
seaters or above) and small petrol vehicles (<20 seaters)) of the nine major cities were provided
by traffic police and statistical bureau of each individual city.

Emission factors of different pollutants for various types of motor vehicles were referenced to
technical papers published in journals, conferences, seminars and any national standards
available.

Emission factors for light-duty petrol vehicles in China have been recently measured by Yuan,
Liu and Wang (1997) and Li and Yang (1997) had measured emission factors of motorcycles,
mid-size vehicles and heavy-duty diesel vehicles in China. Further to the discussion with Guang
Dong Province Environmental Protection Bureau, a revised set of emission factors were made for
the estimation of the motor vehicles as shown in Table 2-5.
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23.8

239

2.3.10

2.3.11

23.12

23.13

Table 2-5 Emission Factors for PRDEZ Motor Vehicles

Emission Factors (g/km)

Pollutant | Motor cycles | Diesel Good Vehieles Large Petrol Vehicles | Small Petrol Vehicles
VOC 2.47 1.40 8.36 3.34
RSP 0.30 1.49 0.07 0.40
NO, 0.30 4.50 7.12 1.80

The USEPA PARTS model was used to estimate RSP emissions from on-road vehicles. Emission
factors representative of vehicles for the period 1976-1980 in the US were computed. The
PARTS methodology computes particulate emissions as the sum of three components: lead
emissions (EFpp,), sulphate emissions (EFgo,) and carbon emissions (EFc). The total RSP
emission factor is given by the sum of the three individual factors.

For PRDEZ motor vehicle SO, emissions, the emission factors were based on the assumption
that 98% of the sulphur in the fuel is emitted as SO,. This is the assumption used in the USEPA
PARTS computer program for calculating emissions from motor vehicles (USEPA, 1995). Using
this assumption, the emission factor is calculated from:
EFSQQ [g/km] =1.96 x (Sr /100) X Dp X Ep
Where: 1.96 = factor to account for fraction emitted (0.98) and weight ratio of SO, to S (2.0)
Sg = fuel sulphur content (weight percent)
Dy = density of fuel (0.730 kg/litre for gasoline and 0.845 kg/litre for diesel fuel)
Er = vehicle fuel efficiency.

Yuan, Liu and Wang (1997) measured an average fuel efficiency of 13.53 litre/100 km for light
duty petrol vehicles in the Mainland China. No data for other vehicle classes in PRDEZ are
available. Therefore, the following default fuel efficiency values for motor vehicles from
CORINAIR (1999) were used:

e Heavy Duty Petrol Vehicles: 22.5 litre/100 km
e Heavy Duty Diesel Vehicles: 29.9 litre/100 km
e Motorcycles: 4.0 litre/100 km

Consumption of different motor vehicle fuel type and the product specifications were referenced
to the energy statistical yearbooks and implemented GB standards respectively. The GB
standards also provided the tail pipe emission standards for different wvehicle types.
Implementation schedules of the GB standards for different fuel types as well as tail pipe
emission standards were referenced to public announcements made in the central and provincial
Government web sites.

The product of three primary numbers formed the motor vehicle emission estimates: the number
of vehicles, the number of kilometres travelled per year, and the emission factor for a given
vehicle class. The first two numbers are used to compute the annual VKT for each vehicle class.

Direct communication has been made to motor vehicle manufacturers in the PRDEZ and other
parts of the Mainland China to obtain the specification of different models and engine types of
vehicles solid in the Study area. International motor vehicle manufacturers with products
imported to the Study area were researched in terms of sales volume, product types and engine
specifications.

In the PRDEZ, there are 3 dominant civil airports, the Shenzhen International Airport, Zhuhai
Airport and Guangzhou Baiyun International Airport. Daily L'TOs for each of the three civil
airports were obtained from either business traffic planner and through direct communication
with the airport authority. Direct computation of emissions based on aircraft types was performed
for these airports. Emission factors for different aircraft types from USFAA Aircraft Engine
Emission Database (FAEED) Version 2.1 (Nov 95) was used to compute the NO,, SO,, and VOC
emissions. There are no applicable RSP or particulate matter emission factors available for
aircraft in the FAEED emission database.
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2.3.14 There are over 10 major hub, river and coastal ports within the PRDEZ. All of these sea ports

23.15

2.3.16

24
24.1

242

243

244

245

24.6

have bagging and warehousing facilities and container handling facilities. Good transportation
nqurk in terms of highways and railway links are available for these ports. Activity data on
shipping tonnage and vessel traffic of the ports were obtained from the annual transportation
statistical yearbooks, port authority web sites and China shipping information network.

Emissions from river-traffic vessels in the PRDEZ are expected to be similar to those in HKSAR
in terms of composition because most river traffic calls at HKSAR port facilities. In addition,
modern container and similar ocean-going vessels all meet certain international standards and so
these vessels were assumed to be similar to those calling HKSAR ports. The engine size of the
vessels were made reference to Corinair report (EMEP/CORINAIR 2000) and calculation for
marine emissions was based on the methodology presented in an USEPA document “Analysis of
Commercial Marine Vessels Emissions and Fuel Consumption Data (EPA420-R-00-002 dated
February 2000).

Most rail traffic in the PRDEZ is electrified and diesel railway locomotive emissions were
computed based upon the amount of diesel fuel combusted. These data were estimated from 1997
tonne-km freight statistics and fuel consumption per tonne-km for four PRDEZ railway
companies viz Yangcheng Company, Guangzhou, Meizhou-Shantou Company, Pinghu-Nantou
Joint Stock Company and Shanshui-Maoming Company for which data are available in the
statistical yearbook.

PRDEZ Domestic, Commercial and Rural Source Emission Estimation

The emissions under this category include construction activities, water treatment plants,
quarries, surface coating and thinners, dry cleaning, domestic and commercial energy use, road
surfacing, agriculture, fertiliser and livestock and other appropriate information useful in the
estimation and verification of the source emissions.

Domestic, commercial and rural source emissions in the PRDEZ were computed as those in
HKSAR by using the activity data times emission factor approach. Activity data, including
population data, for the nine major cities were obtained from the GPEMC, city statistical
yearbooks and China agriculture statistical yearbooks. The construction of the emission
inventory for domestic, commercial and rural sources in PRDEZ is given in Table 2-6.

Within the PRDEZ, the approach was to gather the available data for the urban and suburban
areas. Data gaps were filled in by extrapolating available data or by estimating the data with
standard emission inventory techniques. High spatial resolution population data was available for
urban areas in the PRDEZ, while lower resolution data was available for rural areas.
Comprehensive land use data for the PRDEZ was available at the city and county level, as were
demographic and socio-economic information. Similar data for rural cities in the PRDEZ were
also available but in less detail than major cities.

Paved and unpaved road dusts emissions were estimated using VKT data for the PRDEZ and
USEPA methodology to retain consistency with HKSAR emission estimates. It was assumed that
VKT on unpaved roads accounted for 0.1% of the total VKT in PRDEZ.

The primary source of ammonia emission in PRDEZ rural areas is generated from agricultural
activities, which have six primary sources of ammonia emissions: ammonia production, fertiliser
production, fertiliser usage, animal waste used as fertiliser, and human waste used as fertiliser.
Emissions were computed using the activity data times emission factor approach.

Production information for nitrogen fertiliser (ammonium nitrate) is available for the PRDEZ
from the various city statistical yearbooks. Ammonia emission factors are available in USEPA
AP-42 for uncontrolled emissions for three major ammonia production processes (neutraliser,
evaporation/condensation, and solids formation) and several minor processes. Solids formation is
the dominant ammonia source. Since most fertiliser plants use high density prill towers for solids
formation, an average emission factor was estimated assuming use of prill towers for solids
formation.
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2.4.10
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2.4.12

2.5
2.5.1

252

253

2.6
2.6.1

PRDEZ nitrogen fertiliser usage was obtained from statistical yearbooks. The emission factor for
ammonia emissions from fertiliser usage was obtained from IPCC guidance. Ammonia
emissions from synthetic ammonia fertiliser application were assumed to be 10% of total
nitrogen emitted based upon IPCC guidance (IPCC 1996, page 4.106).

Ammonia emissions from livestock waste were obtained from IPCC emission factors and cities
statistical yearbooks by livestock type. Ammonia emissions from animal waste applied as
fertiliser were assumed to be 25% of total nitrogen emitted based upon IPCC guidance (IPCC
1996, page 4.106).

Ammonia emissions from the application of human waste as fertiliser in rural areas of the
PRDEZ were estimated as the number of persons without sanitary facilities (SBG, 1998), per
capita protein consumption (Food and Agriculture Organisation), sewage N fraction of protein,
and nitrogen emission factor for waste application as fertiliser. Ammonia emissions from human
waste applied as fertiliser were assumed to be 25% of total nitrogen emitted based upon IPCC
guidance (IPCC, page 4.106). The approach for the estimation of ammonia emissions from
PRDEZ was listed in Table 1-9.

All VOC evaporative loss emissions were computed as a single Province-wide emission rate.
Consumption and products usage data required to estimate evaporative VOC emission from
domestic solvent use and solvent application were provided from relevant professional
organisations. All of the estimated VOC content was assumed to be emitted as an area source
emission from activities including degreasing, architectural coatings and surface coating.
Construction of the PRDEZ VOC emission inventory is listed in Table 2-7.

Given the fact that PRDEZ do not have any perchlorethylene consumption and usage data, VOC
emissions from the dry cleaning process was projected based on the ratio of gross domestic
product (GDP) of private consumption expenditure between PRDEZ and HKSAR.

Piped gas systems for domestic and commercial use is not very common in PRDEZ and only
some large cities like Guangzhou and Shenzhen etc. have underground pipelines and handling
facilities. It was anticipated that the leakage due to town gas conveyance was insignificant
therefore the figure was not presented in the emission inventory.

Base Year Biogenic Source Emission Estimation

1997 biogenic emission within the study area was estimated using biogenic emission model
within the PATH EMS-95 system. The base year land use input to the MMS35 meteorological
model was used as the basis for the 1997 biogenic emission modelling for the study area. The
plant communities or emission factors by plant community contained within the PATH EMS-95
modelling system were used for this study.

Landuse information of the study area using remote sensing and GIS techniques were collected
by the Joint Laboratory for Geoinformation Science of the Chinese University of Hong Kong in
conjunction with the China Academy of Sciences. The landuse data were divided into 15
category including plantation woodland, woodland, low shrubland, low shrubland with grass, tall
shrubland, tall shrubland with grass, grassland, urban, buildings, cultivation, abandoned
cultivation, mangrove, other wetland, bare rock or soil and inland water.

In PATH modelling system, emission factors for predominant plant communities were assigned
based on taxanomic similarity to species. The same approach was used to develop the biogenic
emission for HKSAR and PRDEZ. The inventory construction for HKSAR and PRDEZ biogenic
emissions is given in Table 2-8.

PRDEZ Speciation and Temporal Profiles

Speciation profiles and temporal allocation factors in the PATH EMS-95 modelling system were
used as a reference for the emission inventory on a daily (diurnal), day-of-week, and seasonal
basis if latest information is not available for areas of this Study.
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2.6.2 Typical weekly operation of most industrial facilities in the PRDEZ is seven days per week.
Commercial facilities tend to operate Monday through Friday and part of the day Saturday (5.5
days per week). These operating schedules imply three different “typical” days in the PRDEZ.
These days are “weekday”, “Saturday”, and “Sunday”. In addition to these day-of-week
operating differences, there are potentially seasonal differences in operation. Three typical
diurnal profiles were developed for application to point sources corresponding to the three above
operating scenarios. In addition, winter and summer temporal profiles were developed to account
for potential seasonal differences in the operation of facilities in the PRDEZ. However, diurnal
variations in different emission sources or modes were found to be quite limited for PRDEZ.
The base year emission inventory has been derived from best available information to reflect the

most typical situation in PRDEZ for the purpose of the Study.
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