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3. POLLUTION SOURCES IN THE REGION  

3.1 Introduction 

3.1.1 The emission inventory is a tool to help identify air pollution sources in the Region.  In this 
Study, emission inventories were prepared for HKSAR and PRDEZ, in accordance with 
methodologies widely accepted by developed countries and international organisations such as 
the United States Environmental Protection Agency (USEPA 1998), United Nations 
Development Programme (UNDP 2000), Intergovernmental Panel of Climate Change (IPCC 
1996) and European Environmental Agency (CORINAIR 1999).  The study focused on the 
analysis of anthropogenic emissions.  

3.1.2 The base year of the emission inventory was chosen to be 1997 to take account of the availability 
of data.  For HKSAR, the emission inventory was primarily based on the 1995 emission 
inventory as data were available from a study which developed the PATH modelling system and 
contained emission inventory data for the territory which are regularly updated by EPD.  For the 
PRDEZ, data were primarily provided by the Guangdong Province Environmental Protection 
Monitoring Center (GPEMC) of the Guangdong Environmental Protection Bureau (GDEPB) and 
reviewed by a Guangdong expert team.  Supplementary data were obtained from relevant 
government departments, annual statistical yearbooks published by individual cities or 
municipalities, annual reports of public companies, etc.  A detailed summary of the data used in 
the emission inventory is presented in Appendix 3-A to 3-C.  

3.1.3 Key substances emitted into the atmosphere that contribute towards the formation of O3 are 
nitrogen oxides (NOX) and volatile organic compounds (VOC).  Some of RSP are emitted from 
combustion sources.  Others, such as sulphates, nitrates and ammonium are formed from sulphur 
dioxide (SO2), NOX, and ammonia (NH3) respectively as they get involved in chemical reactions 
in the atmosphere.  NO2 is formed primarily from NOX emitted from combustion sources.  Thus, 
substances included in the inventory are VOC, RSP, NOX, SO2, and NH3.  Among these, the first 
four substances are more important as control strategies are available to reduce atmospheric 
emissions.  These four substances are therefore discussed more extensively in this report. 

3.1.4 Since data for HKSAR and PRDEZ were obtained from different information sources, they are 
subjected to different classification systems and levels of details.  Emission source types were 
grouped into four major sectors: energy, industry, transportation, and transportation.  Each of 
these has distinct emission characteristics and specific approaches to implementation and 
enforcement of control measures.  Efforts had been made to reconcile information obtained from 
HKSAR and PRDEZ such that emission source types included in each major sector are largely 
comparable.  Table 3-1 shows the different source types within each sector. 

3.1.5 The emission inventory was complied using the best available information.  However, as this is 
the first regional emission inventory of this scale, a certain level of uncertainties is expected.  
Higher confidence could be obtained through further refinement of the inventory in future 
studies if undertaken. 

3.1.6 The base year emission inventory served as part of the input to the PATH modelling system for 
simulating the regional air quality in terms of pollutant concentrations.  The methodology of 
PATH modelling is presented in Technical Annex 7 of the report.  Furthermore, the base year 
emission inventory will be applied as the foundation of future year projection in the next chapter. 
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Table 3-1 Classifications of the Emission Inventory in this Study 

(a) HKSAR emission sources 
Sector Sub-Sector HKSAR Source Category 
Energy Power Generation Power Generation 
 Others Other Fuel Combustion 
Industry  Cement Production 
  Paint Manufacture 
  Printing 
  Service Station Refuelling 
  Textile manufacturing 
Transportation Motor Vehicle Motor Cycle 
  Taxi 
  Private Car 
  Pass. Van 
  PLB 
  LGV 
  HGV 
  Non Fr. Bus 
  SD Fr. Bus 
  DD Fr. Bus 
 Marine Marine Vessels-Harbour Area 
  Marine Vessels-SAR Waters 
 Others Airport 
  Diesel Locomotives 
VOC Containing Product  Domestic Product 
  Paint 
Others  Animal Waste Ammonia 
  Dry Cleaning 
  Fuel Terminals 
  Human Sweat & Exhalation 
  Nitrogen Fertilizer Usage 
  Other Services 
  Quarries 
  Transportable Construction Dust 
  Transportable Paved Road Dust 
  Transportable Unpaved Road Dust 
  Waste Incineration 

 Note: Pass. Van denotes Passenger Van 
 PLB denotes Public Light Bu 
 LGV denotes Light Goods Vehicle 
 HGV denotes Heavy Goods Vehicle 
 Non Fr. Bus denotes Non Franchised Bus 
 SD Fr. Bus denotes Single Deck Franchised Bus 
 DD Fr. Bus denotes Double Deck Franchised Bus 
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Table 3-1 Classifications of the Emission Inventory in this Study (cont’d)  

(b) PRDEZ emission sources 
Sector Sub-Sector PRDEZ Source Category 
Energy Power Generation Power Generation 
 Others Commercial Fuel Use 
  Domestic Coal Consumption 
  Domestic LPG Consumption 
  Domestic Other Fuel Consumption 
Industry  Alcoholic Beverage Production 
  Chemicals/Rubber/Plastic 
  Construction 
  Electronic Manufacture 
  Food and Beverage 
  Gas, Water & Sanitary Works 
  Manufacture-Heavy 
  Manufacture-Light/Medium 
  Mining/Mineral Extraction 
  Non-Metallic Mineral Products 
  Oil Refinery 
  Petrol Distribution & Handling 
  Printing 
  Pulp and Paper Industries 
  Transportation 
Transportation Motor Vehicle Motor Cycle 
  Small Petrol Vehicle 
  Large Petrol Vehicle 
  Diesel Goods Vehicle 
 Marine Ports 
  Waters 
 Others Guangzhou Airport 
  Shenzhen Airport 
  Zhuhai Airport 
  Railway 
VOC Containing Product  Domestic Product 
  Paint 
Others  Agricultural Waste Burning 
  Agriculture 
  Ammonia Production 
  Animal Waste Ammonia 
  Dry Cleaning 
  Grain Drying 
  Human Sweat & Exhalation 
  Human Waste Rural Households 
  Human Waste Urban without Sanitary Facilities 
  Industrial Waste Incineration 
  Medical Waste Incineration 
  Nitrogen Fertilizer Production 
  Nitrogen Fertilizer Usage 
  Pesticide Application 
  Transportable Construction Dust 
  Transportable Paved Road Dust 
  Transportable Unpaved Road Dust 
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3.2 Summary of Data Used in the HKSAR Base Year Emission Inventory 

 Energy 

3.2.1 Emission sources within this sector include power generation, commercial and domestic fuel 
combustion.  Industrial fuel combustion is classified under Industry sector.  A table summarising 
the classification of emissions is presented in Table 3-1. 

3.2.2 The power generation data, including the 1997 activity information, emissions, fuel usage, and 
stack monitoring data of each operating power plant are provided by the Hongkong Electric 
Company Limited (HEC) and CLP Power HK Limited (CLP).  Other fuel combustion emissions 
were based on 1997 fuel consumption statistics.  Detailed summaries of the data collected for the 
calculation of the emission inventory from this sector are presented in Appendix 3-A. 

 

Industry 

3.2.3 The activities within an industry resulting in significant pollutant emissions are industrial fuel 
consumption and the production process.  The emission data for cement production was obtained 
from a continuous emission monitoring system.  Emissions from textile manufacturing and 
printing industry emissions were projected from the 1995 inventory based on employment 
statistics. The growth of car registration from 1995 was used as a surrogate to project the 
emissions from petrol filling stations.  Detailed data summaries of the data collected for the 
calculation of the emission inventory from this sector are presented in Appendix 3-A. 

 

Transportation 

3.2.4 Annual vehicle-kilometres-travelled (VKT) for motor vehicles were estimated with reference to 
the Strategic Environmental Assessment (SEA) of the Third Comprehensive Transport Study 
(CTS3) (Transport Department 1999).  For marine emissions, 1997 shipping activity data for the 
Victoria Harbour and within Hong Kong waters were collected from the Hong Kong Marine 
Department, Hong Kong Port and Maritime Board, port related organisations and the Hong Kong 
Annual Digest of Statistics.  The 1997 Hong Kong Kai Tak International Airport landing and 
take off data, together with the helicopter movement data from Central Heliport and Shun Tak 
Heliport were obtained from the Civil Aviation Department.  Emissions from the limited number 
of maintenance diesel locomotives were computed using diesel fuel consumption information 
provided by the Kowloon-Canton Railway Corporation (KCRC) and the MTR Corporation 
Limited.  Detailed data summaries for the calculation of the emission inventory for this sector are 
presented in Appendix 3-B. 

 

VOC Containing Product 

3.2.5 The 1997 emissions from VOC containing products were primarily projected from 1995 PATH 
value to 1997 using the growth in population in Hong Kong between the two years.  Detailed 
data summary for the calculation of the emission inventory from this sector are presented in 
Appendix 3-C. 

 

Others 

3.2.6 The lengths of paved and unpaved roads within the territory were estimated in CTS3.  In 1997, 
there were no ammonia or fertiliser production facilities in Hong Kong.  The primary sources of 
ammonia emissions were fertiliser usage, followed by human sweat and exhalation. 
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3.3 Summary of Data Used in the PRDEZ Base Year Emission Inventory  

Energy 

3.3.1 The major source categories are power generation, commercial and domestic fuel consumption.  
Data for the emission calculations for the power plants were extracted from the 1995 
comprehensive emission survey and the 1996 update conducted by the Guangdong Province 
Environmental Protection Bureau.  The comprehensive survey covered approximately 11,000 
emission premises of the energy and industry sectors in the PRDEZ.  

 

Industry 

3.3.2 Emissions from this sector include the fuel usage and the emissions from industrial processes.  
Data for the emission calculations were based on the 1995 and 1996 surveys conducted by the 
Guangdong Province Environmental Protection Bureau. In addition, the inventoried data on 
industrial fuel use in PRDEZ, official government statistics on fuel use, and data in the 
Guangdong Province Statistical Yearbook were used. 

 

Transportation 

3.3.3 Annual VKT for each vehicle class were provided by traffic police and statistical bureau of each 
individual city and verified by GPEMC.  Data on shipping tonnage and vessel traffic at each of 
the ports were obtained from the annual transportation statistical yearbooks, port authority web 
sites and the Mainland shipping information network.  In PRDEZ, there are 3 dominant civil 
airports, the Shenzhen International Airport, Zhuhai Airport and Guangzhou Baiyun International 
Airport.  Landing and take off data for each of these airports were obtained from either business 
traffic planners or through direct communication with the airports.  Rail emissions were 
computed 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. 

 

VOC Containing Product 

3.3.4 Consumption and product usage data were obtained from trade associations together with 
GPEMC.  Other data, such as population data, were obtained from the Guangdong Province and 
City statistical yearbooks. 

 

Others 

3.3.5 Paved and unpaved road dust emissions were estimated using VKT data for the PRDEZ.  Data 
for computing ammonia emissions and emissions from agricultural waste burning were obtained 
from the GPEMC, and from the Guangdong Province, City, and China agricultural statistical 
yearbooks. 

 

3.4 Analysis of the Base Year Emission Inventory 

3.4.1 Table 3-2 and Figure 3-1 present an overall summary of the emission inventory for HKSAR and 
Guangdong, excluding the biogenic VOC emissions in the Region. Emissions from PRDEZ, 
contributing 88%, 95%, 80% and 87% of the total respectively, dominated the regional emissions 
of VOC, RSP, NOX and SO2.  

3.4.2 Further breakdowns of individual VOC, RSP, NOx, and SO2 emissions by major source types are 
presented in Appendix 3-D to 3-G.  A summary of the complete base year emission inventory is 
in Appendix 3-H.     
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Table 3-2 Summary of the 1997 Base Year Emission Inventory in the Region 
Emissions (kilo tonnes/year) Population Population Density Entity 

VOC RSP NOx SO2 (million people) (people/km2) 
HKSAR 54 (12%) 13 (5%) 114  (20%) 76  (13%) 6.5  (17%) 5,909 
PRDEZ 412  (88%) 245 (95%) 450 (80%) 520 (87%) 32.2  (83%) 772 
Region 466    258  564  596   38.7  904 

Note:  Figure in bracket indicates contribution to the regional total 

 
 

Figure 3-1 Base Year Emission Summary for the Region 
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3.5 Major Sources of Emissions in the Region 

3.5.1 Table 3-3 summarises the contribution of major emission sources in the Region.  Emissions from 
the four major sectors contributed at least 90% of the regional emission.  Control measures for 
the attainment and maintenance of the air quality standards will therefore be suggested for these 
major sources and are discussed in Sections 4 and 5.  Controlling the major emitters in the region 
does not necessarily mean that there is no control over other minor sources.  Continual review of 
the emission inventory, however, is recommended to take note of the changes in future emission 
characteristics. 

Table 3-3 Contributions of the Major Sectors to the Regional Base Year Emission Inventory 
Emission VOC RSP NOx SO2 
Contributions by Major Sectors, broken down to individual entities: 

HKSAR - 2% 11% 11% 
PRDEZ 1% 13% 31% 43% Energy 
Subtotal 1% 15% 42% 54% 
HKSAR 2% - 1% 1% 
PRDEZ 9% 60% 12% 38% Industry 
Subtotal 11% 60% 13% 39% 
HKSAR 3% 2% 9% 1% 
PRDEZ 52% 13% 35% 6% Transportation 
Subtotal 55% 15% 44% 7% 
HKSAR 6% - - - 
PRDEZ 17% - - - 

VOC Containing 
Product 

Subtotal 23% - - - 
Total 90% 90% 99% 100% 

 

3.5.2 The regional emissions for all the concerned pollutants are dominated by PRDEZ.  Nevertheless, 
the emissions per capita and per unit area for the Region as presented in Table 3-4 may provide 
indicative representation of emission quantities for HKSAR and PRDEZ.  
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Table 3-4 Pollutant Emissions per Capita and per unit Area in the Region 
 VOC RSP NOx SO2 
Pollutant emission per capita (kg/person) 
HKSAR 8 2 18 12 
PRDEZ 13 8 14 16 
Region 12 7 15 15 
Pollutant emission per unit area (tonnes/km2) 
HKSAR 49 11 104 70 
PRDEZ 10 6 11 12 
Region 11 6 13 14 

 

3.5.3 The spatial distribution of emissions across the region is illustrated in Figure 3-2.  It can be seen 
from the model results that the spread of emission densities is very similar for different 
pollutants throughout the Region.  As expected, the emissions are generally more concentrated in 
urban areas.  The red spots on the figures indicate large point sources or dense area sources in the 
Region.  The high levels of emissions from motor vehicles resulted as a visible road network 
across the Region.   

Figure 3-2 Spatial Distribution of Emissions in the Region 
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3.6 Emission Profiles of the Major Sectors 

Energy Sector 

3.6.1 Emissions from the energy sector account for 54%, 42%, and 15% of the regional SO2, NOx, and 
RSP emissions respectively.  For SO2 and NOx, power plants are the dominant source types.  For 
RSP, emissions from commercial fuel use and power generation in PRDEZ are the most 
significant source types within this sector (See Figure 3-3).  

Figure 3-3 Emissions from the Energy Sector and their Contribution to the Region 
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Industry Sector 

3.6.2 The emissions from the industry sector consisted of SO2, NOx, RSP and VOC emitted from 
industrial fuel consumption and production processes.   Figure 3-4 presents emissions from 
major sources within this sector in HKSAR and PRDEZ. 

3.6.3 Industrial NOx and SO2 emissions contribute 13% and 39% respectively to the regional totals. 
The most important source type in this sector is fuel combustion by the top four fuel users, i.e. 
non-metallic mineral products, the light/medium manufacture, chemical/rubber/plastic processes 
and food and beverage industries, are the most important source types in this sector. 

3.6.4 Industrial RSP emissions from PRDEZ account for 60% of regional emissions.  Non-metallic 
products manufacturing in PRDEZ including cement production and brick production is the 
dominant source, with an annual emission of around 100,000 tonnes, approximately 39% of the 
regional total.   

3.6.5 Industrial VOC emissions account for 11% of the total regional VOC emissions, in which about 
9% was sourced from PRDEZ (with printing being the most significant source) and less than 2% 
from HKSAR.  
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Figure 3-4 Base Year VOC, RSP, NOx and SO2 Emissions from the Industry Sector  
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Transportation Sector  

3.6.6 Transportation sector is the largest contributor to VOC and NOx emissions, and the second 
largest producer of RSP regional base year emissions. Emitting 99%, 69% and 95% of sectoral 
VOC, NOX and RSP emissions respectively, motor vehicles are the most important source in this 
sector (See Table 3-5).  Therefore further discussion related to transportation will only be 
focused on motor vehicles for the purpose of this report.  

Table 3-5 Base Year Emissions (kilo tonnes/yr) from the Transportation Sector in the Region 
Sub-Sector Region VOC RSP NOx SO2 

Region Sub-Sector Total  254.1 37.0 172.2 22.6 
HKSAR 13.4 5.5 31.4 1.5 Motor Vehicle 
PRDEZ 240.7 31.5 140.8 21.1 
Region Sub-Sector Total 0.9 1.9 70.3 17.2 
HKSAR 0.4 0.5 14.4 3.2 Marine Vessel 
PRDEZ 0.5 1.4 55.9 14.0 
Region Sub-Sector Total - - 0.3 - 
HKSAR - - 0.1 - Railway 
PRDEZ - - 0.1 - 
Region Sub-Sector Total 1.0 - 5.0 0.4 
HKSAR 0.7 - 2.8 0.3 Airport 
PRDEZ 0.3 - 2.2 0.1 

Total Regional Emission from Transportation Sector 256.0 38.8 247.8 40.3 
                       Note: “-“ denotes an emission of less than 0.1 kilo tonne/yr 

 

3.6.7 Petrol vehicles (including motor cycles) are a major contributor to motor vehicle NOX and VOC 
emissions while diesel goods vehicles accounts for about 46% of motor vehicle RSP emissions in 
PRDEZ.  In HKSAR, goods vehicles are the most significant motor vehicle source of NOX and 
RSP, with private cars, motorcycle and heavy goods vehicles emitting most VOC compounds.        
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VOC Containing Product 

3.6.8 VOC compounds are the primary emission from this sector.  The two main sources within this 
sector are paint application and domestic solvent use.  VOC emissions in this sector in PRDEZ 
and in HKSAR account for 17% and 6% of the regional VOC emissions, respectively.  Figure 3-
5 illustrates the VOC emissions from VOC containing products. 

Figure 3-5 Emission of VOC from VOC Containing Product and their Contribution to the Region 
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3.7 Base Year Air Quality 

3.7.1 Using the base year emission inventory, the base year air quality was simulated by PATH 
modelling system.  Figure 3-6 illustrates the estimated base year air quality on a scale of 1 to 10 
at different averaging times for O3, RSP, and NOX.  Level 1 is relatively good air quality, and 
Level 10 represents a relatively poor air quality in terms of pollutant concentrations.  The plots 
represent the overall existing regional air quality in 1997 against which the future year air quality 
presented in subsequent chapters will be compared with. 

3.7.2 The estimated air quality indicated that there were large spatial coverage of exceedance of the 
standards in HKSAR and PRDEZ in 1997 for all the three pollutants under different averaging 
time periods. Similar air quality levels were recorded in HKSAR EPD’s general air quality 
stations. The air quality for annual RSP and hourly ozone was particularly serious due to recent 
industrialisation in the Region. The highest level of the daily RSP was predicted in all the urban 
cities in the Region due to emissions from fuel combustion and transportation sectors. 

 

Chapter Summary 

• Energy, industry process, motor vehicle and VOC containing product were the four major emission 
source sectors identified in the Region.   

• In summary, the total contributions by target sources are: 
Emission VOC RSP NOx SO2 
Energy 1% 15% 42% 54% 
Industry 11% 60% 13% 39% 
Motor Vehicle 55% 14% 31% 4% 
VOC Containing Product 23% - - - 
Total 90% 89% 86% 97% 

• PRDEZ dominates the regional emissions, however, the per capita emissions of HKSAR and PRDEZ 
are comparable. 
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Figure 3-6 Estimated Base Year Air Quality 

(a) NO2 Annual    (b) NO2 Daily 

 

(c) NO2 Hourly    (d) O3 Hourly 

 

(e) RSP Annual    (f) RSP Daily 

 
Note: Index>9 implies incompliance with HKAQO 
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Figure 4-6 Air Quality in 2010 with reference to 1997 

(a)  Annual NO2     (b) Daily Average NO2 

  

(c) Hourly NO2     (d) Hourly Ozone 

  

 (e)  Annual RSP     (f) Daily Average RSP 

  
       Note:  A positive percentage denotes an increase in pollutant concentration 
  A negative percentage denotes a decrease in pollutant concentration 
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Figure 5-2 Improvement/deterioration of Air Quality in 2010 with the effects of Additional Controls 

(a) Annual NO2    (b) Daily NO2 

  

(c) Hourly NO2    (d) Hourly Ozone 

  

(e) Annual RSP    (f) Daily Average RSP 

  
 
       Note: A positive percentage denotes an increase in pollutant concentration 
 A negative percentage denotes a decrease in pollutant concentration 




















































































