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AB  auxiliary boiler
AE  auxiliary engine
AIS  Automatic Identification System
CARB  California Air Resources Board
CO  carbon monoxide
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DECA  domestic emission control area
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EF  emission factor
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MSD  medium speed diesel engine
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OGV  ocean-going vessel
PM10  respirable suspended particulates
PM2.5  fine particulate matter
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RTV  river trade vessel
RV  river vessel
SO2  sulphur dioxide
SSD  slow speed diesel engine
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VOC  volatile organic compound
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YRD  Yangtze River Delta

Glossary
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1	 	 Introduction

1.1. Background

Since 2006, Hong Kong has taken the lead in Asia to research into the 
extent of air pollution from ships and its impact on human health. 
Scientific evidence was then used to facilitate a series of dialogue among 
key stakeholders, including the shipping sector, government agencies and 
civil society groups, plotting together a pathway for the reduction of ship 
emissions through voluntary actions and mandatory requirements. A decade 
of scientific inquiries and stakeholder engagement have culminated into 
the Fair Winds Charter (FWC; an industry-led, voluntary initiative to switch 
to clean marine fuel with 0.5 percent or less sulphur content) between 
2011 and 2014, and the Air Pollution Control (Ocean Going Vessels) (Fuel 
at Berth) Regulation, which became effective from 1 July 2015. Under the 
Regulation, ocean-going vessels while at berth in Hong Kong waters are 
required by law to switch to marine fuel with sulphur content not exceeding 
0.5 percent by weight, or other compliant fuel with at least the same 
sulphur dioxide (SO2) reduction effectiveness approved by the Director of 
Environmental Protection. 

While Hong Kong is reaping the benefits of having better knowledge about 
the science and impact of ship emissions, as well as concerted efforts 
between the shipping industry and the government in driving forward 
emission control and regulation in recent years, neighbouring ports such 
as Shenzhen (with terminal facilities mainly located in Yantian and Shekou) 
and Guangzhou in the Pearl River Delta (PRD) region have increasingly 
shown interests in recent years to address air pollution originated from 
their port and ship activities. Geographically, Hong Kong is part of the PRD 
and the PRD is Hong Kong’s immediate hinterland. Hong Kong and the PRD 
combined are home to over 60 million people, and share the same air shed. 
As such, there is real urgency to clean up air pollution for the sake of health 
protection and wellbeing of the inhabitants, and the extent of ship emission 
reduction and public health improvement in Hong Kong and its adjacent 
region will be multiplied if Hong Kong’s experience and know-how can be 
transferred and replicated in the PRD. 

A ship emission inventory for the PRD, including Hong Kong, is a pre-
requisite to effective ship emission control for the entire region. However, 
given Hong Kong and the PRD are two different administrative entities, the 
long-standing practice is for the responsible government agencies from 
either side to prepare an emission inventory that suits their own needs, 
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with no consideration at all about using the same methodology or making 
uniform assumptions or any other forms of collaboration. In 2012, Ng, et al. 
made a first attempt to estimate ship emissions for the entire PRD region. 
This was an important effort to take a regional approach to ship emission 
control. However, a limitation of the study, due to data availability, was 
that only emissions from ocean-going vessels (OGVs) were included, but 
the contribution from river vessels (RVs) and local vessels (LVs) were not 
covered. This is a major information gap that has to be filled.

1.2.	 Study	Objectives

To this end, the main objective of this Study is to compile a complete ship 
emission inventory for the PRD, which will provide a full picture of ship 
emissions for the whole region, and will therefore facilitate a more informed 
discussion about the most effective regional strategy for ship emissions 
control in the long run. This Technical Report will document the compilation 
of a high-resolution emission inventory for Hong Kong and the PRD region, 
using 2013 as base year, which covers emissions from OGVs, RVs and LVs. 
For the policy discussion on ship emissions control strategy options in Hong 
Kong and the PRD region, based on the findings of the PRD ship emission 
inventory, please refer to a companion policy brief entitled Controlling Ship 
Emissions in the Pearl River Delta (Ng, 2016).

1.3.	 Ship	Emission	Estimation	Methodology

There are two common approaches to estimate ship emissions and to 
compile an emission inventory for ships. The fuel-based approach estimates 
air pollution emissions from ships mainly based on fuel consumption data, 
with less regard to ship activities and movements. A second approach, based 
on the 2000 guideline issued by the United States Environmental Protection 
Agency (USEPA) on the compilation of marine vessels emission inventories 
(USEPA, 2000), estimates ship emissions dependent on fractional load of 
different equipment on board (emission sources) during different vessel 
activity modes. The latter approach requires extensive data collection and 
in-depth data analysis, but will yield ship emission inventories with higher 
resolution, and is therefore more ready to support a detailed and tailor-
made ship emission control strategy. In general, the choice between the two 
approaches is mainly determined by data availability and the level of details 
required from the emission inventory. 

In Hong Kong, a detailed ship emission inventory was compiled in 2012 (Ng, 
et al, 2012). Not only was it the first activity-based ship emission inventory 
for Hong Kong, it also set a new benchmark for high-resolution ship emission 
inventories by using Automatic Identification System (AIS) data, including 
vessel track and speed information, to improve emission estimation and to 
reduce uncertainties (Ng, et al, 2013). In this Study, the same approach was 
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taken to develop a high-resolution ship emission inventory for the PRD and 
for Hong Kong, with 2013 selected as the base year. The basic equation for 
emissions estimation is listed as follows:

 

In short, emission of a specific air pollutant over a single voyage is a 
function of the installed power and fractional load of the equipment (main 
engine, auxiliary engine, and boiler) during different vessel operation 
modes (Fair Cruise, slow cruise, maneuvering, and hotelling); time spent in 
different modes; and emission factors derived in units of works (gram per 
kilowatt-hour).

Total Emissions (pollutant) = ∑ Emissions (pollutant, activity mode, equipment) 

 
Emissions (pollutant, activity mode, equipment) = P x FL x T x EF
 
where  P is the installed power of equipment; 
 FL is fractional load of equipment in a specific mode;
 T is operation time-in-mode; and
 EF is fractional load emission factor of equipment.
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2.1.	 Overview	of	the	Port	System	in	the	PRD

The PRD is a fast-growing area adjacent to Hong Kong, one of the most 
important maritime gateway to China and home to many international 
ports. Since the “open door” policy and economic reform in 1978, extra-
ordinary economic growth and booming external trade have led to rapid 
development of port infrastructure in major coastal regions in China, 
including the PRD. Within the PRD region, Shenzhen port and Guangzhou 
port have gradually become major hub ports, and ports such as Huizhou 
port, Humen port, Zhongshan port, Jiangmen port and others have also 
grown into main regional ports. In 2015, the ports of Shenzhen and 
Guangzhou ranked as the world's third and seventh busiest container 
ports in the world (Table 2-1), playing an important role in handling 
maritime trades between domestic and international markets.

Due to the variance in geographical locations and local economic 
development, the ports in the PRD regions are serving different 
functions. For example, Guangzhou port has a long history and is a major 
hub port in South China and the main cargo port in the PRD. It is located 
at the centre of the PRD, and comprises of an inner port area, a river port 
area, Huangpu port area (new port area and old port area), Henan port 
area, Xinfeng port area, Xinsha port area and Nansha port area. Main 
cargo types handled in Guangzhou port include automobile, bulk cargoes, 
oil products, and containerized cargoes.

2  PRD Ports and the Port of    
  Hong Kong

Table	2-1		 Top	Ten	Container	Ports	in	the	World,	2015

Ranking Port Throughput	(in	‘000	TEUs)
1 Shanghai 36,357
2 Singapore 30,922
3 Shenzhen 24,205
4 Ningbo-Zhoushan 20,627
5 Hong Kong 20,073
6 Busan 19,467
7 Guangzhou 17,590
8 Qingdao 17,436
9 Dubai 15,592

10 Tianjin 14,111
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Shenzhen port, located in the southern part of the PRD and east of the 
Pearl River estuary, is a major container port in China. In terms of port 
function, Shenzhen port is mainly composed of two main port clusters, 
namely the “east cluster” and the “west cluster”, covering Yantian port 
area, Shekou port area, Chiwan port area, Mawan port area, Dachan 
Bay port area, Xiadong port area, Dongtoujiao Port area, Shayuchong 
port area, Fuyong Port area and the river port area. Main business in 
Shenzhen port includes loading/unloading and transportation of ocean 
and coastal containers, as well as transportation of oil, and dangerous 
goods such as liquefied natural gas (LNG), and large bulk cargoes.

Zhuhai port, an important hub port in the coastal area and one of the 
most important ports in west PRD, has developed rapidly since 1978. 
It gradually evolves into a multi-level port system that includes Gaolan 
port area and Guishan port area as deep-water port, and many small- 
and medium-sized berthing areas. Specifically, Gaolan port area, as the 
core body of Zhuhai port, is an important transport and storage place 
for dangerous goods in the PRD. Jiuzhou port area is mainly used for 
transportation of daily consumables in Zhuhai and passenger transport 
between mainland China and Hong Kong or Macau. It also serves as Hong 
Kong’s feeder ports for containers. Guishan port area is the deep-water 
working areas for oil transit in the PRD, and responsible for the export of 
building materials to Hong Kong and Macao. Xiangzhou port area, Tangjia 
port area, and Doumen port area are mainly for the transportation of 
small batch cargoes, oil and gas products and bulk cargoes.

Humen port is the major port area in Dongguan. It is located in the 
central region of the PRD and connected to Guangzhou, Shenzhen, Hong 
Kong, and other developed cities through the Shiziyang and the Pearl 
River channel. Humen port is mainly composed of Shatin port area, 
Mayong port area, Chang’an port area, Shajiao port area and the river 
port area. Shatin port area mainly runs for large oil gas products, coastal 
container transport and other business. Mayong port area operates 
mainly for small batch bulk cargo transportation and the inland water 
container transportation. Chang’an port area is associated with the 
development of large sea-bordering industries and deep water berths. 
Shajiao port area serves as a tourist resort. The river port area is mainly 
responsible for the transportation of construction material for Dongguan.

Huizhou port is located in the eastern part of the PRD, including three 
coastal port areas (Quanwan, Bijia, Dongma) in South China endowed 
with natural harbours. It is mainly used for the transportation of crude 
oil, petrochemical products, liquefied gas and chemicals. Moreover, it is 
the major distribution center for ships with dangerous goods in the PRD 
and Guangdong province. Dongjiang river port area is located next to 
Dongjiang water channel and is mainly associated with the transportation 
of groceries and small batch dry bulk cargoes.
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Foshan port is located in the central region of the PRD, west of 
Guangzhou, east of Zhaoqing, north to Zhuhai and adjacent to Hong 
Kong and Macao. It mainly consists of Sanshui port area, Gaoming 
port area and Shunde port area, and plays an important role in local 
transportation for containers, bulk cargoes of foreign trade and coastal 
port cargoes. According to future planning of Foshan, Foshan port will 
focus on domestic trade container transportation, development of the 
transit transportation of dangerous goods (e.g., oil gas products) and bulk 
cargoes (e.g., food, coal and ceramic raw materials), and will be upgraded 
into a multi-functional comprehensive port.

Zhongshan port is located to the east of Zhongshan city, connected to 
the Pearl River water system internally and Lingding channel externally. 
Currently, it consists of five port areas, including Zhongshan port area, 
Shenwan port area, Maan port area, Huangpu port area and Xiaolan port 
area. The main business includes large bulk cargoes transportation (such 
as coal, ore, etc.), dangerous goods transportation (mainly petrochemical 
products) and domestic trade container transportation. In addition, 
Zhongshan port has opened several passenger services with Hong Kong 
and Macau, and forms a modern port layout with clear division and 
functional diversity.

Jiangmen port is located in the southwestern part of the PRD. Xijiang 
River goes from north to south while Tanjiang River goes from west to 
east. Both rivers run across Heshan and Xinhui in Jiangmen, converge in 
Yinzhou Lake and eventually merge into Southern Sea through Yamen 
Channel. Hence, Jiangmen port is strategically connected with all these 
waterways. Jiangmen port includes six port areas – the old port area, 
Heshan port area, Xinhui port area, Kaiping port area, Taishan port 
area and Enping port area. Main business includes refined oil products, 
containers, bulk cargoes, and passenger ferries running between 
Jiangmen and Hong Kong, as well as between Jiangmen and Macau.

Zhaoqing port is located downstream of Xijiang River. The port includes 
Sanrong port area, Gaoyao port area, Mafang port area, Deqing port 
area and Fengkai port area. Among them, Sanrong port area mainly 
runs import business of foreign trade, such as container feeder services. 
Mafang port area is a national class II freight port and the import and 
export goods are given priority to coal, stone, cement and containers. 
Gaoyao port is also a national class II freight port, but it is mainly used 
to transport general cargoes and containers to the PRD, Hong Kong and 
Macau. Deqing port area and Fengkai port area mainly undertake the 
river transportation of containers and dry bulk cargoes.
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2.2. Fairway Network in the PRD

Crisscrossing waterways spread all over the PRD region. Currently, 
the PRD waterways are made up of 823 navigable rivers, with a total 
navigable length of 6,000 km. With reference to the Inland Fairways 
Integrated Layout Plan in Guangdong Province, a high level PRD channel 
network named the “three verticals, three horizontals, three lines” 
will be developed based on the geographical distribution of the PRD 
fairways, navigation capacity, hinterland transportation needs and other 
factors. This network will consist of 16 channels of 3 or more levels. 
Specifically, the “three verticals” refer to the middle-area Guangzhou 
port seaborne fairway, Xijiang downstream seaborne fairway and the 
Baini-Chencun-Hongqili fairways; the “three horizontals” refer to the 
Liansharong waterway, Dongping waterway and Laolonghu-Xiaolan-
Tanjiang waterways; and the “three lines” refer to Yamen waterway-
Yamen seaborne fairway, Shunde waterway and Hutiaomen waterway. 
The above-mentioned water channels constitute the core and backbone 
of the PRD waterways network and play a crucial role in the waterway 
transport system in the PRD and even in Guangdong Province (Table 
2-2).

Figure	2-1	 Major	Ports	in	the	PRD	region
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Table 2-2  Details of the PRD Fairways

Fairways Initiation	Site Mileage
(km)

Level of 
Fairways

1.  “Three verticals”

(a) Xijiang downstream   
seaborne fairway

Sixianjiao-Baiqingtou 89 Level 1

Modaomen waterway: Baiqingtou-Guadingjiao 46 Level 1

Modaomen seaborne fairway: Guadingjiao-
Hengzhou

28 Level 1

Guadingjiao-Jiuao 25 Level 1

(b) Baini-Chencun-
Hongqili fairways

Baini waterway: Ducao Bridge- Pearl River Bridge 44 Level 3

Chencun waterway: Haojiaokou-Sanshankou 22 Level 3

Hongqili waterway: Banshawei-Hongqimen 41 Level 3

(c) Guangzhou port 
seaborne fairway

Guangzhou-Huangpu front channel 20 Level 1

Guangzhou-Huangpu back channel 28 Level 1

Huangpu-Humen 52 Level 1

2. “Three horizontals”

(a)  Dongping waterway Dongping waterway: Sixianjiao-Guangzhou 76 Level 3

(b) Tanjiang-Laolonghu 
waterway - Liansharong 
waterway - Dongjiang 
north main stream

Tanjiang Sanbu-Xinhuishuangshui 52 Level 3

Xinhuishuangshui-Xionghaikou 6 Level 3

Laolonghu waterway: Hukengkou-Gouwei 16 Level 3

Liansharong waterway: Nanhua-Lianhuashan 
(include Junan waterway and Batangwei-Dashawei)

108 Level 1

Dongjiang north main stream: Shilong-Dongjiangkou 42 Level 3

(c) Xiaolan waterway-
Hengmen seaborne 
fairway

Xiaolan 
waterway

Yinggeju-Zhongshang port 35 Level 3

Zhongshang port-Hengmenkou 10 Level 1

Hengmen seaborne fairway (Hengmen north 
waterway): Hengmenkou-Qi’ao

36 Level 1

3.  “Three lines” 163

(a) Yamen waterway 
- Yamen seaborne 
fairway

Yamen waterway: Xionghaikou-Yamenkou 25 Level 1

Yamen seaborne fairway: Yamenkou-Hebaodao 42 Level 1

(b) Hutiaomen 
waterway

Baiqingtou-Hutiaomenkou 46 Level 1

(c) Shunde waterway Zidongkou-Huoshaotou 50 Level 3

4.  Total 1,144
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2.3.	 Overview	of	the	Port	of	Hong	Kong

Hong Kong is one of the world’s major ports in terms of vessel arrivals, 
cargo/container throughput and passenger throughput. In 2015, Hong 
Kong ranked the fifth busiest container ports in the world after Shanghai, 
Singapore, Shenzhen, and Ningbo-Zhoushan, with a throughput of about 
20.1 million containers in twenty-foot equivalent unit (TEU). About 77 
percent of the containers were handled at the Kwai Chung and Tsing 
Yi Container Terminals (KCCT). The rest was handled mid-stream, with 
barges and container feeders operating alongside anchored container 
vessels in designated harbour areas. 
For ocean cruise, Ocean Terminal in Tsim Sha Tsui and the Kai Tak Cruise 
Terminal (KTCT) are the two main berthing locations. In addition, ocean 
cruises also berthed at private berths and KCCT on several occasions. 
For the Hong Kong-based cruise ships, they berthed mainly at Ocean 
Terminal, China Ferry Terminal, or moored to government buoys in 
Victoria Harbour. 
For river passenger services, the Hong Kong Macau Ferry Terminal in 
Sheung Wan, the China Ferry Terminal in Tsim Sha Tsui, and the SkyPier 
at the Hong Kong International Airport in Chek Lap Kok are major 
locations that provide ferry services to Macau and to other PRD ports. 
There are also over 17,000 licensed local vessels -- ferries, barges, fishing 
vessels, work boats and others – in operation within or in vicinity of Hong 
Kong waters, berthing at various terminals, public cargo working areas, 
typhoon shelters, and marinas. 
Figure 2-2 below shows the boundary of Hong Kong waters, major 
berthing and anchorage locations, and principal fairways.
 

Figure	2-2	 Waters	of	the	Hong	Kong	Special	Administrative	Region
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3.1.	 Methodology

The activity-based approach was used to estimate ship emissions in the 
PRD region, making reference to Ng, et al. (2012). The main estimation 
formula is listed as follows: 
 

In the above formula, i, j, k represent vessel type, equipment type and 
operation mode, respectively; Ei,j,k is the total air pollutant emissions 
exhausted from vessel type i whose equipment type is j under operation 
mode k (tonne); VANi is the arrival number of the vessel type i during the 
estimating period; Pi is the engine power rating of the vessel type i (kW); 
EFi,j,k is the emission factor for vessel type i whose equipment type is j 
under operation mode k (g/kWh); LFi,j,k is the load factor of the vessel 
type i whose equipment type is j and under operation mode k; Ti,k is the 
time-in-mode for the vessel type i under operation mode k (hour). Ship 
emissions were estimated down to vessel type level.

3.2.	 Vessel	Classification

In this Study, passenger and cargo vessels operating in the PRD region 
were classified into OGVs, coastal vessels (CVs) and RVs. Where data is 
available, vessel types were further sub-divided into chemical carrier/
tanker, conventional cargo vessel, dry bulk carrier, container vessel, gas 
carrier/tanker, oil tanker, passenger vessel, tug and others. For each vessel 
sub-class, further breakdowns were made according to vessel deadweight 
tonnage (DWT) range. All vessel sub-classes and DWT classifications are 
shown in Table 3-1 below.

3	 	 Estimation	of	Ship	Emissions		 	
  in the PRD

Ei,j,k = VANi					(Pi EFi,j,k LFi,j,k Ti,k)
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Table	3-1		 DWT	Classification	by	Vessel	Sub-class	in	the	PRD

Ocean-going	Vessel Coastal Vessel River Vessel

Container vessel DWT <10,000 DWT <3,000 DWT <500

DWT 10,000-19,999 DWT 3,000-4,999 DWT 500-999

DWT 20,000-29,999 DWT 5,000-9,999 DWT ≥1,000

DWT 30,000-39,999 DWT ≥10,000

DWT 40,000-49,999

DWT 50,000-74,999

DWT 75,000-99,999

DWT ≥100,000

Chemical Carrier/Tanker DWT <5,000 DWT <3,000 DWT <500

DWT 5,000-9,999 DWT 3,000-4,999 DWT ≥500

DWT 10,000-19,999 DWT 5,000-9,999

DWT 20,000-39,999 DWT ≥10,000

DWT ≥40,000

Conventional Cargo Vessel DWT <2,000 DWT <5,000 DWT <500

DWT 2,000-4,999 DWT 5,000-9,999 DWT 500-999

DWT 5,000-9,999 DWT 10,000-29,999 DWT ≥1,000

DWT 10,000-29,999 DWT ≥30,000

DWT ≥30000

Dry Bulk Carrier DWT <10,000 DWT <3,000 DWT <500

DWT 10,000-29,999 DWT 3,000-4,999 DWT 500-999

DWT 30,000-59,999 DWT 5,000-9,999 DWT ≥1,000

DWT 60,000-99,999 DWT ≥10,000

DWT ≥100,000

Gas Carrier/Tanker DWT <5,000 DWT <3,000 DWT <500

DWT 5,000-9,999 DWT 3,000-4,999 DWT ≥500

DWT 10,000-19,999 DWT 5,000-9,999

DWT 20,000-39,999 DWT ≥10,000

DWT ≥40,000

Oil Tanker DWT <10,000 DWT <3,000 DWT <500

DWT 10,000-29,999 DWT 3,000-4,999 DWT ≥500

DWT 30,000-59,999 DWT 5,000-9,999

DWT 60,000-119,999 DWT ≥10,000

DWT ≥120,000

Tug no DWT classification

Passenger vessel no DWT classification

Others no DWT classification



17

3.3.	 Ship	Information

Information of OGVs and some CVs was collected from www.shipxy.com 
and its ancillary websites, whose data sources include the Lloyd's Register 
of Ships (LRS) and ship owners. Information of registered river vessels and 
other coastal vessels was obtained from various maritime agencies in the 
PRD, such as Shenzhen, Dongguan, Zhongshan, Foshan, Zhaoqing, through 
surveys and interviews.

In the data collection process, details of 11,375 ships (including 483 ocean-
going vessels with IMO number, 4,612 coastal vessels with MMSI number 
but no IMO number, and about 6,280 river vessels through surveys) were 
built into a database, including the name of ship owner, registration port, 
vessel type, main engine power, auxiliary engine power, auxiliary boiler 
rating, gross tonnage, net tonnage, deadweight tonnage, trade area, main 
route, main trade cargo type and other vessel information.

3.4. Vessel Track Data

Past vessel track information was downloaded from www.shipxy.com, 
but only for ships with IMO number and MMSI number. There was also a 
limitation to the amount of information accessible and downloadable each 
month. In the end, data of about 700 ships was acquired, with two years 
of valid, past vessel trajectory with 30-second to 8-minute time intervals, 
representing typical vessel trajectory of different vessel types and DWT 
classifications that are operating in the PRD region. 

3.5. Vessel Arrival

Vessel arrival information in the PRD region for 2013 was mainly acquired by 
interviewing relevant municipal marine departments. However, the arrival 
information obtained from interviews was usually aggregate numbers at 
the city level, with no breakdown according to vessel types. Total vessel 
arrival numbers from sources in different cities were then integrated 
with information gathered in other published documents such as port 
development plans with respect to vessel type, cargo type and vessel 
tonnage. Eventually, surrogates were derived to represent number of arrivals 
by city, vessel type and vessel tonnage. Table 3-2 below illustrates the 
number of ship arrival by vessel sub-class. 
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Table	3-2		 Vessel	Arrivals	by	Vessel	Sub-class	in	the	PRD

3.6.	 Engine	Power	Rating	of	Vessels

To develop a ship emission inventory for the PRD, engine types 
considered in the estimation were main engine (ME) and auxiliary 
engine (AE). Typical ship engines include two-stroke and four-
stroke diesel engines, in addition to steam engine and gas engine. 
In terms of engine speed, diesel engines were further classified 
into high, medium and low speed diesel engines. Among them, 
most of the slow-speed diesel engines were two-stroke and mainly 
used in tanker, dry bulk carrier, container vessel and other large 
OGVs. Medium-speed and medium-high-speed diesel engines were 
generally four-stroke and multi-applied in a variety of naval vessels, 
engineering vessels, coastal and river vessels. For high-speed diesel 
engines, there were both two-stroke and four-stroke engines. Given 
the availability of data, it is assumed that the majority of vessels 
operating in the study area used diesel engine, and this Study only 
estimated emissions from diesel engines.

Engine power ratings of vessels were adopted from LRS, which is the 
largest database of commercial vessels in the world, including the 
information of more than 160,000 ocean-going vessels as well as 
large coastal vessels. Where information was not available, engine 
power ratings used in other relevant research reports (ICF, 2009; 
Ng, et al, 2012) were referenced. Auxiliary engine power rating was 
estimated by applying an auxiliary engine to main engine power 
ratio.

3.7. Load Factors

Load factors in different operation modes reflect the percentage 
of output power of onboard equipment (such as main engine 
and auxiliary engine) to rated power. While estimating emissions 

Vessel	Type Number of Arrivals Percentage

Chemical Carrier/Tanker 30,000 1.66%

Container Vessel 271,680 15.02%

Conventional Cargo Vessel 544,183 30.08%

Dry Bulk Carrier 427,460 23.63%

Gas Carrier/Tanker 13,572 0.75%

Oil Tanker 106,834 5.91%

Ore Carrier 40,000 2.21%

Tug 96,924 5.36%

Passenger Vessel 187,362 10.36%

Others 90,891 5.02%

Total 1,808,906 100.00%
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from OGVs and CVs within the PRD waters, vessel speed information 
embedded in AIS data was used to derive load factors by the following 
formula according to the Propeller Law:
 

Due to the fact that most RVs do not install the AIS system, it was 
impossible to acquire their real-time navigating speed, in order to derive 
load factors as above. In this case, load factors were adopted from past, 
relevant research (ICF, 2009; Ng, et al, 2012) based on the characteristics 
of RVs operating within the PRD waters.

3.8.	 Time	in	Mode

Vessel activities were categorized into 4 operation modes, namely fairway 
cruise, slow cruise, maneuvering, and hotelling, according to vessel speed 
(Ng, et al, 2012). (Table 3-3) Vessel track data were used as a reference to 
allocate time into different operation modes.

3.9.	 Selection	of	Emission	Factors

Selection of emission factors was subject to a lot of factors, of which the 
most significant ones were fuel sulphur content, engine type and engine 
speed. Since there is a lack of field measurements of vessel emission 
factors in China, this Study adopted the best available emission factors 
from past studies conducted in Hong Kong and other countries, according 
to the information of fuel sulphur contents and engine characteristics of 
vessels in the PRD region. 

Fuel sulphur contents used in this Study mainly came from archives of 
local vessels in the PRD region and interviews with marine departments 
of Shenzhen, Dongguan, Zhongshan, Zhaoqing, Foshan and others. 
Information of about 7,600 vessels was collected. Engine type and engine 

Table	3-3		 Classification	of	Different	Operation	Modes

Notes:  knot is a unit of sailing speed measurement. 1 knot = 1 sea mile/hour; sea mile is a unit of distance measurement, 1 sea 
mile = 1.852 km (China Standard), so 1 knot≈1.852km/hour.

Operation	Mode Description Vessel	Speed
Fairway Cruise Vessel operating at service speed, usually in offshore 

open waters or broad fairways
Over 12 knots

Slow Cruise Vessel operating at reduced speed inside PRD inland 
waters, in line with speed limit requirements

8 to 12 knots

Maneuvering Vessel operating at lower speed as it approaches berth/
pier/dock or anchorage

1 to below 8 
knots

Hotelling Vessel at berth or anchored with propulsion engines 
switched off

Below 1 knot

Load	Factor	=	(Actual	Speed/Maximum	Speed)3
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speed were obtained and divided into medium-speed and slow-speed 
diesel engines. The data also suggested that most RVs used marine diesel 
oil (distillate), and the majority of CVs and OGVs used marine diesel oil 
and heavy residual oil as major fuels. However, detailed sulfur content 
was unavailable from the above data sources. During interviews, it was 
suggested that heavy residual oil used by OGVs that operate in the 
PRD region roughly had fuel sulphur content of 1.5% to 3.5%; fuel oil 
mainly used by CVs had fuel sulphur content of less than 2%; marine 
diesel oil mainly used by RVs had fuel sulphur content of less than 1%. 
After obtaining vessel information of fuel sulphur content and engine 
characteristics, emission factors provided by relevant research reports 
from Hong Kong, United Kingdom and the USA (ICF, 2009; Ng, et al, 2012) 
were considered and consolidated. Emission factors used for vessel 
emission estimation for the PRD region were shown in Table 3-4.

Table	3-4		 Emission	Factors	of	Different	Vessel	Types	(g/kwh)

Notes:  
a) Refer to the ICF Report (2009), 10 was selected as mass ratio of PM2.5 and PM10 to estimate PM2.5 emission factor.
b) Refer to the ICF Report (2009), 1.053 was selected as mass ratio of VOCs and HC to estimate VOCs emissions.
c) Applicable to other river vessels except chemical carrier/tanker, gas carrier/tanker, oil tanker and tug. 
d) Applicable to chemical carrier/tanker, gas carrier/tanker, oil tanker and tug. 
e) Applicable to river passenger vessel.
f) Applicable to other river vessels except river passenger vessel.
OGV = ocean-going vessel; CV = coastal vessel; RV = river vessel; ME = main engine; AE = auxiliary engine; SSD = slow-speed diesel 
engine; MSD = medium-speed diesel engine.

Vessel 
Type

Engine	Type Fuel	Type Sulfur	
Content

SO2 NOX PM10 PM2.5
a) HCb) CO

OGV/ CV ME SSD Residual Oil 2.70% 10.29 18.10 1.42 1.31 0.60 1.40

OGV/ CV ME SSD Marine Diesel 1.00% 3.62 17.00 0.45 0.42 0.60 1.40

OGV/ CV ME SSD General Diesel 0.50% 1.81 17.00 0.31 0.28 0.60 1.40

OGV/ CV ME MSD Residual Oil 2.70% 11.24 14.00 1.43 1.32 0.50 1.10

OGV/ CV ME MSD Marine Diesel 1.00% 3.97 13.20 0.47 0.43 0.50 1.10

OGV/ CV ME MSD General Diesel 0.50% 1.98 13.20 0.31 0.29 0.50 1.10

OGV/ CV AE Diesel 
Engine

Residual Oil 2.70% 11.98 14.70 1.44 1.32 0.40 1.10

OGV/ CV AE Diesel 
Engine

Marine Diesel 1.00% 4.24 13.90 0.49 0.45 0.40 1.10

OGV/ CV AE Diesel 
Engine

General Diesel 0.50% 2.12 13.90 0.32 0.29 0.40 1.10

RV c) ME Diesel 
Engine

General Diesel 0.50% 2.08 10.00 0.30 0.29 0.27 1.50

RV d) ME Diesel 
Engine

General Diesel 0.50% 2.08 13.20 0.72 0.70 0.50 1.10

RV e) ME Diesel 
Engine

General Diesel 0.50% 2.08 13.20 0.31 0.29 0.47 1.10

RV f) AE Diesel 
Engine

General Diesel 0.50% 2.08 10.00 0.40 0.39 0.27 1.70

RV e) AE Diesel 
Engine

General Diesel 0.50% 2.12 10.00 0.31 0.29 0.26 1.50
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3.10.	Results

Estimated ship emissions for the PRD region in 2013 are shown in Table 
3-5. Total emissions of SO2, NOX, CO, PM10 and PM2.5 and VOCs were 
60,607 tonne, 92,051 tonne, 8,862 tonne, 6,633 tonne, 6,132 tonne and 
3,333 tonne, respectively. 

Emission	by	major	vessel	type
Table 3-6 and Figure 3-1 show that most marine emissions were 
generated from OGVs, which made up 67.8%, 57.8%, 47.8%, 69.6%, 
69.2% and 56.1% of SO2, NOX, CO, PM10, PM2.5 and VOCs emissions, 
respectively. This is probably due to a combination of factors, such as the 
presence of major container ports and international shipping routes in 
the PRD region, the larger ship size and tonnage of OGVs relative to CVs 
and RVs, and higher fuel sulphur content used by OGVs.
In addition, NOX, PM10, PM2.5 and VOCs emitted by CVs were higher than 
RVs, because CVs were typically equipped with medium-speed diesel 
engines while RVs were installed with high-speed diesel engines. The 
combustion conditions of medium-speed diesel engines were more 
favorable for the generation of NOX emissions. Besides, according to 
field surveys, large CVs typically used heavy fuel oil, while the majority of 
inland RVs were using marine diesel oil with lower fuel sulphur content.

Table	3-5		 Ship	Emissions	in	the	PRD	Region,	2013	(tonne)

Table	3-6		 Emission	from	OGVs,	CVs	and	RVs	(tonne)

SO2 NOX CO PM10 PM2.5 VOCs

OGVs 41,073 53,243 4,239 4,614 4,245 1,871

CVs 12,995 21,124 1,905 1,393 1,283 954

RVs 6,539 17,685 2,719 626 603 508

Total 60,607 92,051 8,862 6,633 6,132 3,333

SO2 NOX CO PM10 PM2.5 VOCs

Total 60,607 92,051 8,862 6,633 6,132 3,333 
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Table 3-7 shows that container vessels were the largest contributor, 
which accounted for 50.6% (30,659 tonne), 47.0% (43,272 tonne), 44.1% 
(3,907 tonne), 51.7% (3,430 tonne), 51.6% (3,167 tonne) and 41.4% 
(1,380 tonne) of SO2, NOX, CO, PM10 and PM2.5 and VOCs emissions, 
respectively. Conventional cargo vessel was the second largest 
contributor, with contributions of 20.5% (12,431 tonne), 21.9% (20,173 
tonne), 23.7% (2,102 tonne), 20.6% (1,368 tonne), 20.7% (1,267 tonne) 
and 25.0% (832 tonne) of SO2, NOX, CO, PM10, PM2.5 and VOCs emissions, 
respectively.

Figure	3-1		 Relative	Contribution	to	Emission	by	OGVs,	CVs	and	RVs	
Emission by vessel sub-class

Table	3-7		 Ship	Emissions	in	the	PRD	by	Vessel	Sub-class,	2013	(tonne)

Vessel	Type SO2 NOX CO PM10 PM2.5 VOCs

Chemical Carrier/Tanker 2,415 4,078 394 267 247 161

Container Vessel 30,659 43,272 3,907 3,430 3,167 1,380

Conventional Cargo Vessel 12,431 20,173 2,102 1,368 1,267 832

Dry Bulk Carrier 6,791 11,035 1,122 757 701 408

Gas Carrier/Tanker 348 578 65 38 35 26

Oil Tanker 5,195 7,799 759 581 537 304

Passenger Vessel 1,041 1,761 163 67 61 87

Tug 1,230 2,193 229 82 76 88

Others 498 1,161 120 43 40 47

Total 60,607	 92,051	 8,862	 6,633	 6,132	 3,333	
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Figure 3-2 shows the contributions of different vessel types to SO2 
emissions. Container vessels were the largest contributor to SO2 
emissions, which accounted for just over 50%. It is mainly because the 
movement of ocean-going containers was very high in volume within 
the PRD waters and the fuel used in ocean-going container was typically 
heavy residual oil with high sulphur content (ranging from 1.5% to 3.5%). 
Besides, conventional cargo vessels and dry bulk carriers also contributed 
20.5% and 11.2% of SO2 emissions, respectively, which were related to 
their large numbers and sailing frequencies.

In terms of NOX emissions (Figure 3-2), the contribution of container 
vessel was again the highest with 47%. Container vessels are usually 
equipped with slow-speed and medium-speed diesel engines with high 
output power. For slow-speed and medium-speed diesel engines, their 
rotating speeds are typically low and will allow for longer reaction time 
for the nitrogen and oxygen in the cylinder. Consequently, more NOX 
were generated under this favorable condition. Beside container vessels, 
conventional cargo vessels and dry bulk carriers were also significant 
contributors to NOX emissions and accounted for 21.9% and 12% of NOX 
emissions, respectively.

Similar patterns were also found with other air pollutants such as PM10 
and PM2.5.

Emission	by	engine	type
Emissions from different engine types were listed in Table 3-8. Results 
indicate that main engines of passenger and cargo vessels discharged 
more air pollutants than auxiliary engines. This is explained by the long 
running time and high output power of main engine, and the fact that 
most RVs do not install auxiliary engines.

Figure	3-2		 Emission	of	SO2	and	NOX	by	Vessel	Types
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Emission	by	operation	mode
Marine emissions were closely related to different time in modes. 
Emissions under the 4 operation modes are listed in Table 3-9 and their 
relative contribution to emissions are showed in Figure 3-3. For all 
pollutants except SO2, emissions under hotelling mode were the highest, 
accountable for 35.9%, 38.8%, 32.7%, 32.7 % and 27.0% of NOX, CO, PM10, 
PM2.5 and VOCs emissions, respectively. It was followed by the fairway 
cruise mode, which accounted for 28.7%, 23.5%, 30.6%, 30.6% and 26.3% 
of the above-mentioned pollutants, respectively. For SO2, emissions 
during fairway cruise mode (32.7%) was slightly higher than hotelling 
mode (30.9%). 

Table	3-8		 Emission	by	Engine	Type	(tonne)

Engine	Type SO2 NOX CO PM10 PM2.5 VOCs

Main Engine 36,198
(59.7%)

47,982
(52.1%)

4,305
(48.6%)

3,814
(57.5%)

3,520
(57.4%)

2,130
(63.9%)

Auxiliary Engine 24,409
(40.3%)

44,069
(47.9%)

4,557
(51.4%)

2,819
(42.5%)

2,612
(42.6%)

1,203
(36.1%)

Total 60,607 92,051 8,862 6,633 6,132 3,333

Table	3-9		 Emissions	by	Operation	Mode	(tonne)

Operation	Mode SO2 NOX CO PM10 PM2.5 VOCs

Fairway Cruise  19,813  26,397  2,080  2,032  1,874  878

Slow Cruise  16,107  21,787  1,896  1,561  1,441  737

Maneuvering 	5,941	 	10,807	 	1,450	  874 	809	  818 

Hotelling  18,745  33,061  3,437  2,166  2,007  900 

Total 	60,607	 	92,051	 	8,862	 	6,633	 	6,132	 	3,333	

Figure	3-3		 Emission	by	Operation	Mode	(Percentage)
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3.11.	Spatial	Distribution	of	Ship	Emissions

Figures 3-4 to 3-7 shows the spatial distribution of ship emissions of the 
SO2, NOX, PM10, and PM2.5, which more or less covered the entire PRD 
waters. The emission hot spots were located at the Pearl River estuary 
and were consistent with the patterns of the busy waterways, such as 
the "Three Verticals, Three Horizontals" channel network.

More specifically, the channels along the Guangzhou port in the Pearl 
River estuary were associated with the highest emission intensity. This 
is understandable since this channel was the longest in the PRD region 
with length of 120km beginning with the Xiji Coal Pier in Guangzhou 
and ending in the deep water area of Yizhou Island in South China Sea. 
It connects nearly all the important ports in the PRD region, namely, 
Huangpu port area in Guangzhou, Xinsha port area in Guangzhou, 
Humen port area in Dongguan, Nansha port area in Guangzhou, Chiwan 
port area in Shenzhen, Magang port area in Shenzhen, Jiuzhou port area 
in Zhuhai, Guishan port area in Zhuhai and others, serving as the main 
gateway to mainland China. Along this channel, the emission hot spots 
were distributed in Guangzhou, Shenzhen and Zhuhai. Besides, ship 
emissions clearly followed the patterns of fairways and waterways.

Figure	3-4		 Spatial	Distribution	of	SO2	Emission	in	the	PRD,	2013
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Figure	3-5		 Spatial	Distribution	of	NOX	Emission	in	the	PRD,	2013

Figure	3-6		 Spatial	Distribution	of	PM10	Emission	in	the	PRD,	2013
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Figure	3-7		 Spatial	Distribution	of	PM2.5	Emission	in	the	PRD,	2013
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4.1.	 Methodology 

The activity-based approach was used to estimate ship emissions in 
Hong Kong, and the fuel-based approach was also considered as a 
complementary method when ship activities data was not available, 
especially for certain types of RV and LV. The main equation used for 
emission estimation was consistent with the one used to estimate ship 
emissions in the PRD.

However, it is important to note that emissions of air pollutants from 
OGVs in Hong Kong waters were estimated at the level of individual 
vessels. In addition, emissions from onboard auxiliary boiler were 
also included. These are the main difference in terms of methodology 
between Hong Kong and the PRD.

4.2.	 Data	Collection	and	Data	Source 

Data	Collection
To estimate ship emissions, a series of data is required, including (a) 
vessel call information, (b) vessel characteristics data, (c) vessel activity 
and movement data, (d) engine activity and (e) fuel use information.
Vessel call data include information such as the number of calls and 
particular information corresponds to each call – the name of the 
vessel, identification number, date and time of arrival, date and time of 
departure, vessel type, tonnage, vessel speed, flag, last and next port of 
call.

Vessel characteristics data include information such as vessel registration, 
dimension, tonnage, maximum and average speed, main engine (ME), 
auxiliary engine (AE) and auxiliary boiler (AB) power.

Vessel activity and movement data include arrival and departure 
information, vessel activity reports, berthing and anchorage locations, AIS 
data (routes and vessel speed), time-in-mode, and operating schedule.
Engine activity and fuel use data include information such as ME 

4	 	 Estimation	of	Ship	Emissions	in		
  Hong Kong
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and AE load factors, AB fuel rate, fuel type and sulphur content, fuel 
consumption, and fuel supplier.

Data	Source
The main source of vessel calls information was Marine Department 
(MD). MD compiles and publishes on their website daily vessel entry 
and departure reports, and port activity reports, all of which contain 
information useful in characterizing a typical vessel call in the port of 
Hong Kong. Annual publications such as the Port of Hong Kong Statistical 
Table (PHKST) also provide additional information about vessel arrivals 
and berthing locations. 

In addition, a full-year of vessel track data for 2013 was obtained from 
MD as the main information source for vessel movements and their 
spatial distribution. MD’s Vessel Traffic Centre (VTC) employs twelve 
shore-based radars to provide surveillance coverage of the Hong Kong 
navigable waters. The information of all tracked vessel movements are 
relayed via microwave link to VTC for central processing and displayed 
on electronic monitors as traffic images. The system is capable of 
automatically receiving and displaying vessel information such as vessel 
name, vessel type, call sign, gross registered tonnage (GRT), overall 
length, navigating speed, and coordinating location, transmitted by the 
AIS installed on the vessels.

Vessel characteristics data was mainly acquired from the LRS, which 
consists of an array of detailed information of vessels with GRT of 100 and 
above, and it is the largest database of commercial vessels in the world, 
containing detailed information of over 160,000 vessels in their latest 
version. With the exception of AE and AB information, all other vessel 
information required in this Study was retrieved from LRS, including, but 
not limited to:

• Vessel registration information (e.g. vessel name, ex-names, 
International Maritime Organization (IMO) number, call sign, and 
flag); 

• Construction information (e.g. keel laid date, launch date, and 
delivery date); 

• Vessel class information (e.g. main vessel type, and vessel sub-type); 

• Vessel size information (e.g. length overall (LOA), GRT, net registered 
tonnage (NRT), and DWT); 

• ME information (e.g. number of engine, model, make, builder, engine 
speed, engine type, total engine power, maximum RPM of propulsion 
unit(s), engine stroke, cylinder bore, cylinder stroke, vessel service 
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speed, and vessel maximum speed); and
• Other information for specific vessel types (e.g. maximum total 

number of containers in TEU, passenger capacity, etc.) 

For AE and AB information, such as load factors, as well as engine activity 
and fuel use data, reference was made from Ng, et al. (2012), unless 
otherwise stated. 
 

4.3.	 Vessel	Classification 

For vessel classification, MD classifies OGVs and RVs according to the 
known specific function of the vessel. This classification system has been 
used for publication like PHKST, and it was basically adopted in this Study, 
as follows: 

• Chemical Carrier/Tanker;
• Conventional Cargo Vessel;
• Cruise/Ferry;
• Dry Bulk Carrier;
• Fishing/Fish Processing Vessel;
• Fully Cellular Container Vessel (FCCV);
• Gas Carrier/Tanker;
• Lighter/Barge/Cargo Junk;
• Oil Tanker;
• Pleasure Vessel;
• Roll On/Roll Off;
• Semi-container Vessel;
• Tug; and
• Others 

Whenever information was available, OGVs and RVs were further 
classified in to sub-group according to vessel tonnage (gross tonnage or 
deadweight tonnage) for finer emission estimation.

4.4. Vessel Arrivals

According to the vessel arrival data published in the PHKST, there were 
29,915 OGV calls in 2013 (Table 4-1).
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Table	4-1	 OGV	Arrival	by	Vessel	Type

For river vessels, there were 77,355 river trade vessels (RTVs) arrivals, 
54,280 Macau Ferry arrivals and 25,971 PRD Ferry arrivals in 2013, 
according to MD. (Table 4-2)

Table	4-2	 River	Vessel	Arrival	Number	in	2013
Vessel	Type Vessel Arrival Number

1. River Trade Vessel

       Chemical Carrier 175

       Conventional Cargo 6,718

       Dry Bulk Carrier 8,092

       Fishing / Fish Processing Vessel 0

       Fully Cellular Container Vessel 50,503

       Gas Carrier 128

       Lighter/Barge/Cargo Junk 3,425

       Oil Tanker 438

       Pleasure Vessel 0

       Roll on/ Roll off 21

       Semi-container Vessel 4,985

       Tug 2,624

       Others 246

2. Passenger Ferry

       Macau Ferry 54,280

       PRD Ferry 25,971

River Vessels Total 157,606
Source: MD, 2014

Vessel	Type Number of Arrival
A. Chemical Carrier/Tanker 387
B. Conventional Cargo Vessel 2,215
C. Cruise/Ferry 2,601
D. Dry Bulk Carrier 2,446
E. Fishing/Fish Processing Vessel 307
F. Fully Cellular Container Vessel 19,018
G. Gas Carrier/Tanker 309
H. Lighter/Barge/Cargo Junk 267
I. Oil Tanker 818
J. Pleasure Vessel 238
K. Roll On/Roll Off 242
L. Semi-container Vessel 305
M. Tug 324
N. Others 438
Total 29,915
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4.5.	 Engine	Power	Rating	of	Vessels 

Main engine power, auxiliary engine power and boiler power rating 
information of OGVs were first collected from LRS, and missing 
information were supplemented from information collected in past 
studies. For RVs, main engine and auxiliary engine power information 
were acquired from MD river vessels database. (Ng, et al., 2012)

4.6. Load Factors

Main engine load factor of an individual ship at a particular location (as 
a vessel track data point at 30-second intervals) were determined by the 
actual vessel speed provided by AIS and the maximum speed obtained 
from LRS, using the following equation based on the Propeller Law:

 
For auxiliary engine default loads and boiler default loads, reference was 
made to Starcrest Consulting Group (2009).

For RVs, engine load factors were adopted from the last Hong Kong 
emission inventory study (Ng, et al., 2012).

4.7.	 Time	in	Mode

Vessel activity was divided into 5 modes – cruise, fairway cruise, slow 
cruise, maneuvering and hotelling – based on vessel speed. Time in 
mode information for OGVs was mainly derived from AIS data and other 
information published by MD. For RVs, typical time in mode was derived 
from the last Hong Kong emission inventory study (Ng, et al., 2012), and 
was adopted for this Study.

4.8.	 Fuel	Quality	Assumption

With respect to fuel quality information, it was assumed in this Study 
that OGVs with a total main engine power of 1,100 kW or above would 
use heavy fuel oil (HFO) and the rest would use marine diesel oil (MDO) 
or marine gas oil (MGO). Sulphur contents of HFO used by OGVs were 
assumed to be 2.83%, 2.64% and 2.77%, respectively for main engine, 
auxiliary engine and boiler. Sulphur content of MDO/MGO was assumed 
to be 0.5%.
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4.9.	 Selection	of	Emission	Factors

Based on the type of fuel (HFO, MDO and MGO), type and speed of 
engine (SSD, MSD, HSD, ST and GT) installed, emission factors (EFs) were 
selected for different equipment to estimate the quantity of different air 
pollutants emitted from a vessel during a call.
EFs used in this Study were based on ICF 2009 Report (except PM of 
GT and ST) and PoLA 2009 Report (for PM of GT and ST). The former 
incorporates those of the Entec 2002 Study, except for PM EFs. CARB 
provided the PM EFs for SSD and MSD. The latter adopted PM EFs for GT 
and ST by IVL 2004 Study.

4.10.Local	Vessels

LVs in Hong Kong are licensed with MD in four main classes – Class I 
(passenger), Class II (cargo/marine works), Class III (fishing) and Class 
IV (pleasure). In addition, there are government vessels operating in 
Hong Kong waters with different functions and responsibilities. In 2013, 
there were 819 government vessels owned by 14 different government 
departments. They were using marine light diesel with sulphur content of 
not more than 0.001%. For the other LVs, it was assumed that they were 
using 0.5% sulphur fuel.

Emissions from LVs were estimated in this Study based on available fuel 
consumption, fuel quality, and vessel activity data collected from MD and 
other government departments, as well as LV operators. For regular LV 
services, such as ferries, information such as areas of operation, typical 
operating hours, typical routing, frequency, distance, speed, and berthing 
locations were gathered from open sources.

4.11. Results

OGV	emission	by	vessel	type
Table 4-3 shows that OGVs contributed 12,399 tonnes of SO2, 15,574 
tonnes of NOX, 1,445 tonnes of PM10, 1,308 tonnes of PM2.5, 1,304 tonnes 
of CO and 537 tonnes of VOC. Container vessels were the major emitter, 
followed by cruise ships, dry bulk carrier, oil tanker and conventional 
cargo vessel.
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Table	4-3	 OGV	Emissions	by	Vessel	Type,	2013	(tonnes)

RV	emission	by	vessel	type
Table 4-4 below summarises emissions from RVs by vessel type. In 
summary, 1,890 tonnes of SO2, 9,071 tonnes of NOX, 297 tonnes on PM10, 
285 tonnes of PM2.5, 281 tonnes of VOC and 1,008 tonnes of CO were 
emitted from RV sources in 2013.

Vessel	Type No. of 
Call

SO2 NOX PM10 PM2.5 VOCs CO

A. Chemical Carrier/
Tanker

387 80.5 76.9 8.3 7.4 2.8 7.0 

B. Conventional Cargo 2,215 304.7 316.9 33.7 30.6 11.4 27.3 

C. Cruise/Ferry 2,601 656.6 1,380.8 81.1 73.6 50.8 117.1 

D. Dry Bulk Carrier 2,446 639.9 649.1 66.9 60.1 24.5 59.1 

E. Fishing/Fish Processing 
Vessel

307 2.2 14.3 0.3 0.3 0.5 1.2 

F. FCCV 19,018 9,672.3 12,052.3 1,152.3 1,044.8 408.0 998.1 

G. Gas Carrier/ Tanker 309 60.2 50.4 6.1 5.5 1.8 4.2 

H. Lighter/ Barge/ Cargo 
Junk

267 16.2 106.0 2.4 2.2 3.2 8.4 

I. Oil Tanker 818 663.3 473.7 57.0 49.6 17.6 43.1 

J. Pleasure Vessel 238 0.6 4.2 0.1 0.1 0.1 0.3 

K. Roll On/Roll Off 242 48.7 57.6 5.9 5.4 2.4 5.2 

L. Semi-container Vessel 305 29.0 31.3 3.2 2.9 1.3 2.9 

M. Tug 324 25.4 134.3 3.7 3.4 4.7 11.5 

N. Others 438 199.7 226.3 23.8 21.9 7.6 18.5 

Total 29,915 12,399.2	 15,574.0	 1,444.9	 1,307.8	 536.7 1,303.8	
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Table	4-4	 RV	Emissions	by	Vessel	Type,	2013	(tonnes)

Total	ship	emissions
In 2013, all marine vessels (including OGVs, RVs and LVs) contributed 
15,740 tonnes of SO2, 35,634 tonnes of NOX 2,162 tonnes of PM10, 1,999 
tonnes of PM2.5, 3,363 tonnes of VOC and 11,668 tonnes of CO. (Table 
4-5)

Table	4-5	 Total	Marine	Emissions	(tonne),	2013

Vessel	Type SO2 NOX PM10 PM2.5 VOCs CO

OGV 12,399 15,574 1,445 1,308 537 1,304

RV 1,890 9,071 297 285 281 1,008

LV 1,451 10,989 420 406 2,545 9,356

Total 15,740 35,634 2,162 1,999 3,363 11,668

Vessel	Type No. of Call SO2 NOX PM10 PM2.5 VOCs CO

Chemical Carrier 175 11 59 3 3 2 7 

Conventional Cargo 6,718 34 163 6 5 4 26 

Cruise/Ferry

             Macau Ferry 54,280 854 3,758 120 113 122 274

             PRD Ferry 25,971 173 1,083 26 26 41 93

Dry Bulk Carrier 8,092 67 324 11 11 9 51 

FCCV 50,503 535 2,571 86 84 69 404 

Gas Carrier 128 9 50 2 2 2 6 

Lighter/Barge/Cargo Junk 3,425 67 320 11 11 9 50 

Oil Tanker 438 34 181 8 8 6 23 

Roll on/ Roll off 21 0 0 0 0 0 0 

Semi-container Vessel 4,985 60 289 10 10 8 46 

Tug 2,624 43 258 13 13 9 26 

Others 246 3 16 1 1 0 2 

Total 157,606 1,890 9,071 297 285 281 1,008
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Table 4-6 shows that OGVs were responsible for 79% of SO2 and 67% of 
PM10 emitted from all marine sources, probably due to the high sulphur 
content of the fuel they burnt. On the other hand, contribution of NOX 
emission was much more balanced amongst OGVs, RVs and LVs. For VOC 
and CO, LVs were the major contributor, with respective shares of 76% 
and 80% in 2013.

Table	4-6	 Total	Marine	Emissions	(percentage	share),	2013

4.12.	Spatial	Distribution	of	Ship	Emissions	in	Hong	
Kong

Ocean-going	vessels
FCCV was the top OGV emitter of the six air pollutants in 2013. Figure 
4-1 shows the spatial distribution of SO2 emissions from FCCV as an 
illustration. Other pollutants have a similar pattern as SO2.

It is obvious on the maps that KCCT was the emission hotspot for FCCV in 
2013, a pattern similar to 2007 as shown in the past emission inventory 
study (Ng, et al., 2012). East Lamma Channel and the fairways leading 
to KCCT were also highly polluted. From the maps, there were also 
significant emissions along Ma Wan Fairway and Urmston Road, showing 
the major route connecting KCCT and Shekou in Shenzhen. Similarly, 
there were emissions to the east of Hong Kong from vessels sailing to and 
from Yantian in Shenzhen. 

Vessel	Type SO2 NOX PM10 PM2.5 VOCs CO

OGV 79% 44% 67% 65% 16% 11%

RV 12% 25% 14% 14% 8% 9%

LV 9% 31% 19% 20% 76% 80%

Total 100% 100% 100% 100% 100% 100%
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Figure	4-1	 Spatial	Distribution	of	SO2	Emission	(tonne)	from	FCCV,	2013

Figure 4-2 below show the spatial distribution of SO2 emission from 
Ocean Cruise, the second largest OGV emitter. Emission patterns of Ocean 
Cruise is quite different from those of FCCV. First, emission hot spots for 
Ocean Cruise were located at the Ocean Terminal and at the government 
buoys off Kowloon Bay. Once again, this was related to berthing activity. 
Second, a new emission hot spot was emerging at the new Kai Tak Cruise 
Terminal. Third, an emission trail extended from the berthing locations 
to the southeastern part of Hong Kong waters via Hung Hom Fairway 
and Eastern Fairway in Victoria Harbour and Tathong Channel. This is the 
popular route for the regular, home-based ocean cruises.

Figure	4-2	 Spatial	Distribution	of	SO2	Emission	(tonne)	from	Cruise/Ferry,	2013
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River Vessels
Using NOX emissions as an example, emissions from Macau and PRD Ferry 
were concentrated at the passenger terminals in Sheung Wan, Tsim Sha 
Tsui and at the Airport, as well as along the major route running south of 
Lantau Island from Victoria Harbour the west of Hong Kong. (Figure 4-3)

 

Contrary to river passenger ferry, RTV operates with both regular and 
non-regular routes, and their movements are not restricted by the 
fairway system. As such, their emission pattern as shown in Figure 4-4 
spread out to cover a larger portion of Hong Kong waters. 
Nevertheless, one major emission hotspot for RTV was the anchorage 
area near Stonecutters Island, which is a common area for midstream 
operation (such as Kellett Anchorage). Also, the fairways north of Lantau 
were also a major emission corridor which is the preferred route for RTV 
to operate to and from the River Trade Terminal in Tuen Mun and also 
other PRD ports.

Local Vessels

Figure	4-3	 Spatial	Distribution	of	NOX	Emission	(tonne)	from	Macau	and	PRD			
	 	 Ferry,	2013
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Figure	4-4	 Spatial	Distribution	of	NOX	Emission	(tonne)	from	River	Trade		 	
	 	 Vessel,	2013

Figure 4-5 highlights the spatial pattern of NOX emissions from LVs in 
Hong Kong. The red colour coincides with the main outlying island ferry 
routes to Lamma Island, Peng Chau, Mui Wo on Lantau Island, and 
Cheung Chau, as well as other inner harbour ferry routes.

 

Total Emission

Figure	4-5	 Spatial	Distribution	of	NOX	Emission	(tonne)	from	LV,	2013
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Figure	4-6	 Spatial	Distribution	of	SO2	Emission	(tonne)	from	Marine	Sources	in	
Hong	Kong,	2013

Figure	4-7	 Spatial	Distribution	of	NOX	Emission	(tonne)	from	Marine	Sources	
in	Hong	Kong,	2013

Figures 4-6 to 4-8 summarize the spatial distribution of 2013 SO2, NOX, 
PM10 emissions contributed by OGVs, RVs and LVs.
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Figure	4-8	 Spatial	Distribution	of	PM10	Emission	(tonne)	from	Marine	Sources	
in	Hong	Kong,	2013
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5.1.	 Key	findings

Region-wide	ship	emissions
Table 5-1 below combines ship emission estimates in both the PRD and 
Hong Kong to provide a full picture for the entire region. Emission of the 
major air pollutants, such as SO2, NOX, and PM were higher in the PRD, 
which is expected as it is a much larger area with more vessel movements 
and activities. The lower emission numbers for CO and VOC in the PRD 
is probably due to the omission of LVs in emission estimation as a result 
of the lack of data. Based on experience in Hong Kong, CO and VOC 
emissions are usually highest among LVs, as fishing vessels and pleasure 
crafts usually have petrol inboard/outboard engines.  

Emissions by PRD city
Table 5-2 illustrates ship emissions by city in the PRD region. Guangzhou, 
Shenzhen and Hong Kong were in the top three and in the same order 
of magnitude, which is again expected due to their port status and cargo 
throughput. The three port cities combined are responsible for 80% of 
SO2, 79% of NOX and 81% of PM2.5 produced from ships in the entire 
region. Outside the top three, Huizhou, Foshan, Zhuhai and Dongguan 
also suffered from ship emissions in a significant manner.

5  Conclusion

Table	5-1		 Combined	Ship	Emissions	in	the	PRD	and	Hong	Kong,	2013	(tonne)

SO2 NOX CO PM10 PM2.5 VOCs

PRD 60,607 92,051 8,862 6,633 6,132 3,333 

Hong Kong 15,740 35,634 11,668 2,162 1,999 3,363

Total 76,347 127,685 20,530 8,794 8,130 6,873
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Table	5-2		 Ship	Emissions	by	City,	2013	(tonne)

SO2 NOX CO PM10 PM2.5 VOCs

Guangzhou 23,425 36,139 3,492 2,573 2,378 1,480 

Shenzhen 21,659 29,254 2,394 2,382 2,193 1,033 

Zhuhai 2,624 4,877 582 277 259 178 

Foshan 3,309 5,502 594 360 335 209 

Jiangmen 1,208 2,393 295 126 118 89 

Dongguan 3,252 5,202 542 357 331 199 

Zhongshan 981 2,097 273 100 94 75 

Huizhou 3,757 5,624 555 419 388 214 

Zhaoqing 392 963 137 38 37 32 

Hong Kong 15,740 35,634 11,668 2,162 1,999 3,363

Total 76,347 127,685 20,530 8,794 8,130 6,873

Emission by vessel sub-class
While the vessel classification systems used for the PRD and Hong Kong 
ship emission inventories are slightly different, an effort was made 
to combine the two and identify the major vessel sub-classes that 
contributed most substantially to the emission of air pollutants in the 
PRD. According to Table 5-3, it is apparent that container vessels were the 
top emitter of all major air pollutants in 2013 in the whole PRD region, 
followed by conventional cargo vessels, dry bulk carriers and oil tankers. 
The contribution from cruise ships was relatively small in the whole 
region, and almost negligible if Hong Kong is taken out.

Table	5-3		 Ship	Emissions	in	the	PRD	and	Hong	Kong	by	Selected	Vessel	Sub-class,		
	 	 2013	(tonne)

Vessel	Type SO2 NOX CO PM10 PM2.5 VOCs

Chemical Carrier/Tanker 2,506 4,213 408 279 257 166

Container Vessel 40,866 57,895 5,310 4,668 4,296 1,857

Conventional Cargo Vessel 12,769 20,653 2,156 1,407 1,303 848

Cruise 657 1,381 117 81 74 51

Dry Bulk Carrier 7,498 12,009 1,232 835 772 441

Gas Carrier/Tanker 417 678 75 46 43 29

Oil Tanker 5,892 8,454 826 646 595 327

Passenger Vessel 2,068 6,602 529 213 200 250

Total 76,347 127,685 20,530 8,794 8,130 6,873
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All the findings above provide new, solid numbers and evidence to 
re-confirm that ships – whether they are ocean-going in nature and 
supporting international trade, plying along coastal areas or within river 
trade limits with short-sea or inland waterway operations, or simply 
performing different harbour functions for freight and passengers – are a 
major source of air pollution in the PRD region including Hong Kong.

5.2.	 Contribution	of	the	Study

This is the most comprehensive ship emission inventory compiled for 
the PRD to date, covering all the main PRD ports and the port of Hong 
Kong, and including air pollutant emissions contributed by ocean-
going vessels, river vessels, coastal vessels and local vessels, wherever 
data was available to provide a reasonable estimation. This emission 
inventory provides the all-important baseline for policy makers in Hong 
Kong and Guangdong to understand the scale of ship emissions in the 
entire PRD region, including Hong Kong, from a regional “co-prevent” 
and “co-control” perspective. This baseline also offers useful information 
for communication with members of the general public about the 
significance of ship emission and its potential impact on people living and 
working in this region.

Another important contribution of this Study is that ship emission 
figures can now be measured against other air pollution sources in the 
region, such as power generation, manufacturing industry and road 
transportation. With these numbers, policy makers can now realise and 
acknowledge with some level of confidence the relatively significant 
contribution of emissions from ships, which had somewhat gone 
under the radar in the past due to the lack data. New found scientific 
evidence will help re-direct policy focus towards ship emission control 
and management, and to justify new resources to be used to roll out 
initiatives such as at-berth fuel switching to low sulphur fuel and the 
promotion of on-shore power for wider installation and usage. Besides, 
the ship emission inventory and all the data collected and analysed will 
provide a solid basis for (a) the early assessment of any ship emission 
control measures under consideration, hence informing policy maker 
the merits and demerits of different options and supporting the best 
decisions, and for (b) evaluation of the actual effectiveness of selected 
control measures after implementation in emission reduction.

Last, but not least, the PRD emission inventory will become an integral 
piece for the comprehensive assessment and eventual implementation of 
an emission control area in the PRD, which is set as the long-term goal by 
the Hong Kong SAR Government for ship emission control in the region, 
and one of the main action items put forward by the MoT’s DECA plan.
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5.3.	 Areas	for	Improvement	and	Future	Research	Ideas

In this Study, extensive information related to ship activities in the PRD 
region was collected and their contribution to air pollutant emissions were 
estimated. Nonetheless, a more robust understanding of marine emissions 
is still required to support policy formulation. Based on the progress made in 
this Study, it is recommended that further research on marine emissions in 
the PRD region should be focused on the following aspects:

Refinement	of	emission	inventory	for	the	PRD
Information and activity data collected in this study was still limited and the 
improvement of emission inventory should be a long-term progress. In future 
studies, improvement of activity data accuracy, further field investigation 
and measurement, and refinement of estimation methods should be the 
ways to refine the current estimations. First, the accuracy of the ship activity 
data in the PRD should be improved through consultation with government 
agencies and other official organizations to obtain detailed statistical data. 
Second, field research and ship emissions test should be carried out to 
develop the local emission factor in the PRD to more accurately reflect the 
emission characteristics in this region. Third, it is recommended that studies 
of quantitative identification of emissions from transit ships in river or sea 
outside the ports, the difference of water transportation condition between 
each port berths and their selection of emission factors should be conducted 
to reduce the emission uncertainty.

With improvement in data collection and data sources, the scope of emission 
estimation in the PRD should be expanded to include emissions from 
auxiliary boiler, and the emission of LVs or harbour crafts. Auxiliary boiler is 
an important source of air pollutant emissions (though less significant than 
main engine and auxiliary engine), so it should be included if data becomes 
available. LVs are proven as a major source of CO and VOC emissions, so 
effort should be made to improve data related to LVs in the PRD.

Uncertainty	assessment	of	the	inventory
In this Study, preliminary validation of the emission inventory was conducted, 
such as cross-reference of the estimation results. A comprehensive 
quantification of the uncertainty of the marine emission inventory should be 
carried out in the future in order to identify the key uncertainty source and 
the way for further improvement.
Assessment of marine emissions’ impact on air quality and public health
Emission inventory developed in this Study provides the foundation for air 
quality modeling. In future studies, the impact of marine emission in the 
PRD region on the regional air quality as well as its health impact should 
be quantified by air quality model such as CMAQ, CAMx and others, which 
would then provide solid scientific evidence for the formulation of regional 
marine emission regulations and control policies.
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