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Executive summary 

This report estimates emissions to air within the Auckland Council boundaries for the year 

2016 from ocean going vessels (OGVs), harbour vessels, ferries and port cargo handling 

equipment. It does not include emissions from recreational vessels and dredging activity. 

This document also describes the methodologies that were used to estimate exhaust 

emissions from the different source types. The methodologies and emission factors used 

are mainly based on a 2009 report by ICF International for the United States 

Environmental Protection Agency (USEPA): Current Methodologies in Preparing 

Mobile Source Port-Related Inventories. 

A significant improvement, compared to previous inventories, is the use of Automatic 

Identification System (AIS) data to accurately model the activity from OGVs, harbour 

vessels and ferries over a whole year. With AIS data, vessel emissions can be estimated at 

a high spatial and temporal resolution. AIS also allows us to account for emissions from 

vessel activity that were previously difficult to quantify, such as vessels that pass through 

Auckland waters but do not visit its port. Therefore, emissions results that are based on 

AIS data are not directly comparable with previous emission inventories. 

Most of the fuel consumed by OGVs has very high sulphur content (e.g. 2.7% or 

27,000ppm by mass) compared to road vehicle fuels (10ppm for diesel or five ppm for 

petrol). They remain one of the main sources of SO2 emissions in the Auckland region. 

Although it is expected that SO2 emissions from OGVs may drop by up to 75 per cent 

when new MARPOL Annex VI new fuel sulphur content regulations come into force in 

2020. Ferries, harbour vessels and fishing boats use low sulphur automotive grade fuels. 

Their SO2 emissions are negligible compared to those of OGVs. While OGVs are also 

responsible for the bulk of NOx and particulate emissions, NOx emissions from ferries are 

not negligible. Harbour vessels, ferries and fishing boats are the main sources of CO 

emissions. 

Vessels operating near the Waitematā Harbour area are an important source of SO2, NOx 

and particulate emissions in close proximity to the CBD. Inventory results for 2016 indicate 

that approximately one third of SO2, NOx and particulate emissions from commercial 

vessels in the Auckland region are released within a radius of three kilometres from the 

CBD.  

Although it is expected that the freight volume and the number of passenger passing 

through the Ports of Auckland Ltd (POAL) will continue to grow in the future, projections 

indicate that the introduction of shore power facilities could potentially moderate or reduce 

the amount of pollutants released by OGVs at berth. POAL is currently investigating the 

feasibility of introducing shore power facilities for cruise ships. 
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Summary of estimated emissions (tonnes) for 2016 by vessel category 

Source  NOx  PM10  PM2.5  VOCs  CO  SO2  CO2 

OGVs at‐sea  1,300  125  116 62 133 906  57,474

OGVs at‐berth  488  53  48 15 40 472  34,231

Harbour vessels  46  1  1 5 157 0  3,999

Ferries  461  9  8 15 116 0  32,668

Fishing boats  72  5  5 72 284 0  6,118

Total  2,368  192  178 169 730 1,378  134,489

Summary of emission contributions by vessel category for 2016 (percentage of total) 

Source  NOx  PM10  PM2.5  VOCs  CO  SO2  CO2 

OGVs at‐sea  55%  65%  65% 37% 18% 66%  43%

OGVs at‐berth  21%  27%  27% 9% 5% 34%  25%

Harbour vessels  2%  0%  1% 3% 22% 0%  3%

Ferries  19%  4%  5% 9% 16% 0%  24%

Fishing boats  3%  2%  3% 42% 39% 0%  5%

Total  100%  100%  100% 100% 100% 100%  100%

Uncertainties in emission estimates could be reduced with more accurate information on 

the following inputs: 

 OGVs’ auxiliary engine and auxiliary boiler power and fuel consumption

 OGV engine emission factors

 heavy fuel oil sulphur content

 yearly total fuel consumption for each ferry vessel

 fishing boat activity and engine type population.

AIS vessel traffic density for 2016, distance travelled in kilometres: left, within 
Auckland Council boundaries; right, close up of the Waitematā Harbour – Hauraki 
Gulf area. 



Auckland air emissions inventory 2016 – sea transport  iii 

Table of contents 

1.0  Introduction .................................................................................................................. 1 

2.0  General methodology .................................................................................................. 3 

3.0  Fuel types .................................................................................................................... 5 

3.1  Sulphur content and MARPOL Annex VI ........................................................... 5 

3.2  Heavy fuel oil ..................................................................................................... 6 

3.3  Marine diesel oil ................................................................................................. 7 

3.4  Marine gas oil ..................................................................................................... 7 

3.5  Automotive gas oil .............................................................................................. 7 

3.6  Petrol ................................................................................................................. 7 

4.0  Vessel emissions ......................................................................................................... 8 

4.1  Activity data ........................................................................................................ 8 

4.2  Vessel data ...................................................................................................... 14 

4.3  Ocean going vessels, OGV .............................................................................. 18 

4.4  Harbour vessels ............................................................................................... 31 

4.5  Ferries .............................................................................................................. 36 

5.0  Fishing boats ............................................................................................................. 40 

5.1  Fishing vessel data .......................................................................................... 41 

5.2  Fishing event data ............................................................................................ 42 

5.3  Landing locations ............................................................................................. 43 

5.4  Roxburgh Plume report .................................................................................... 44 

5.5  Fishing boat methodology ................................................................................ 44 

5.6  Fishing boat projections ................................................................................... 45 

5.7  Fishing boat results .......................................................................................... 46 

5.8  Fishing boat uncertainties ................................................................................ 48 

6.0  Emissions from cargo handling equipment ................................................................ 50 

6.1  Ports of Auckland cargo handling equipment ................................................... 50 

6.2  Ports of Auckland diesel consumption for container handling .......................... 50 

6.3  Cargo handling equipment results ................................................................... 51 

6.4  Cargo handling equipment uncertainties .......................................................... 52 

7.0  Results overview ....................................................................................................... 53 

7.1  Spatial distribution of emissions relative to the CBD ........................................ 53 

7.2  Summary of combined past and projected emissions ...................................... 53 

8.0  Conclusions and recommendations .......................................................................... 55 



Auckland air emissions inventory 2016 – sea transport  iv 

9.0  Acknowledgements ................................................................................................... 56 

10.0  References ................................................................................................................ 57 

Appendix A  Spatial distribution of pollutants – maps ................................................... 60 

a. Combined emissions for OGVs, harbour vessels and ferries .................................... 61

b. OGVs emissions only ................................................................................................ 63

c. Harbour vessel emissions only .................................................................................. 65

d. Ferry emissions only ................................................................................................. 67

List of figures 

Figure 1: AIS points with time stamp and line segments with length and speed in knots .. 13 
Figure 2: Examples of vessel trajectories derived from AIS points .................................... 13 
Figure 3: AIS segments before and after grid split ............................................................. 14 
Figure 4: Container ships – ME power (kW) versus maximum speed (knots) .................... 16 
Figure 5: Vehicle carriers – ME power (kW) versus maximum speed (knots) .................... 16 
Figure 6: OGV traffic density – distance travelled in 2016 ................................................. 19 
Figure 7: Manoeuvring areas for Waitematā and Manukau harbours (hatched) ................ 23 
Figure 8: Estimated OGV emissions contribution for 2016 by vessel category .................. 27 
Figure 9: Daily NOX and SO2 emissions from all OGV machinery types (kg/day) .............. 28 
Figure 10: Harbour vessels traffic density – distance travelled (km) in 2016 ..................... 32 
Figure 11: Daily NOx emissions from harbour vessels (kg/day) ......................................... 35 
Figure 12: Ferries traffic density – distance travelled (km) in 2016 .................................... 36 
Figure 13: Daily NOx emissions from ferries (kg/day) ........................................................ 39 
Figure 14: Fishing statistical areas – rock lobster area 905 (red) ...................................... 40 
Figure 15: Distribution of fishing boats (by length) active in Auckland in 2016 .................. 42 
Figure 16: Adjusted fishing statistics areas ........................................................................ 45 
Figure 17: Fishing statistics area– NOx, CO and VOC emissions for 2016 ........................ 46 
Figure 18: 2- and 4-stroke petrol engine, daily NOx, VOC and CO emissions (boats < 7 m 
long) ................................................................................................................................... 49 
Figure 19: Diesel engine, daily NOx, VOC and CO emissions (boats ≥ 7 m long) .............. 49 



Auckland air emissions inventory 2016 – sea transport  v 

List of tables 

Table 1: Summary POAL vessel movements – number of visits and gross tonnages ......... 9 
Table 2: Breakdown of AIS record by vessel group and vessel type ................................. 12 
Table 3: Some of the internet sites used to source vessel attributes ................................. 15 
Table 4: Equations to derive maximum speed from main engine power ............................ 16 
Table 5: Estimated OGV main engine emissions for 2016 by mode (tonnes) .................... 21 
Table 6: Estimated OGV main engine emissions for 2016 by category (tonnes) ............... 21 
Table 7: Estimated OGV main engine emissions contribution for 2016 by category .......... 22 
Table 8: OGV hotelling hours for 2016 and average auxiliary engine power (kW) ............. 24 
Table 9: Estimated OGV auxiliary engine emissions for 2016 by mode (tonnes) .............. 24 
Table 10: Estimated OGV auxiliary engine emissions for 2016 by category (tonnes) ........ 24 
Table 11: Estimated OGV auxiliary engine emissions contribution for 2016 by category .. 24 
Table 12: Estimated OGV auxiliary boiler emissions for 2016 by mode (tonnes) .............. 26 
Table 13: OGV – comparison of auxiliary engine and auxiliary boiler emissions at berth .. 26 
Table 14: Estimated OGV auxiliary boiler emissions for 2016 by category (tonnes) .......... 26 
Table 15: Estimated OGV auxiliary boiler emissions contribution for 2016 by category .... 26 
Table 16: Estimated OGV emissions for 2016 (tonnes) ..................................................... 27 
Table 17: Estimated OGV emissions for 2016 – At-sea/At-berth split ................................ 27 
Table 18: Estimated OGV emissions for 2016 by vessel category (tonnes) ...................... 27 
Table 19: Estimated OGV emissions for 2016 by machinery type (tonnes) ....................... 27 
Table 20: Estimated OGV emissions machinery type contribution for 2016 ...................... 27 
Table 21: Projected OGV emissions .................................................................................. 30 
Table 22: POAL tugs operated in 2016 (Mercer, 2017) ..................................................... 32 
Table 23: POAL pilot and survey boats operated in 2016 .................................................. 33 
Table 24: Harbour vessel main engine classification ......................................................... 33 
Table 25: Estimated harbour vessel emissions and fuel consumption, 2016- vessel type . 34 
Table 26: POAL Harbour vessel emissions from 2006/2010 inventory (tonnes) ................ 34 
Table 27: Estimated harbour vessel emissions 2016 to 2040 (tonnes) .............................. 34 
Table 28: Ferries main engine classification ...................................................................... 37 
Table 29: Estimated ferry emissions from 2016 to 2040 (tonnes) ...................................... 38 
Table 30: Ferry emissions from 2006/2010 inventory (tonnes) .......................................... 38 
Table 31: Fishing data summary by area ........................................................................... 41 
Table 32: Fishing statistic areas, 2016 events, ratios inside Auckland boundaries ............ 43 
Table 33: Estimated emissions  and fuel consumption by statistics area for 2016 ............ 47 
Table 34: Estimated emissions and fuel consumption by fuel type for 2006 to 2036 ......... 47 
Table 35: POAL diesel consumption for container handling .............................................. 50 
Table 36: POAL CHE emissions (tonnes) generated from container handling .................. 51 
Table 37: Ratio calculations – Total port tonnes over POAL container tonnes .................. 52 
Table 38: Total port CHE emissions (tonnes) .................................................................... 52 
Table 39: CHE and OGVs at-berth emissions comparison (tonnes) .................................. 52 
Table 40: Distribution of vessel emissions relative to distance from the CBD (tonnes) ..... 53 
Table 41: Distribution of vessel emissions relative to distance from the CBD (%) ............. 53 
Table 42: Annual combined emissions 2006 to 2040 ........................................................ 54 



Auckland air emissions inventory 2016 – sea transport  vi 

List of abbreviations 

AE auxiliary engine 
AGO automotive gas oil 
AIS automated identification system 
BSFC brake specific fuel consumption 
CBD central business district 
CH4 methane 
CHE cargo handling equipment 
CO carbon monoxide 
CSV comma separated value file 
DWT dead weight tonnage 
EEA European Environment Agency 
EF  emission factor 
EU European Union 
g gram
g/kWh grams per kilowatt-hour or g(kWh)-1 
GIS geographical information system 
GT gross tonnage 
GT gas turbine 
h hour
HC hydrocarbons 
HDV heavy duty vehicle 
HFO heavy fuel oil 
hp horsepower (unit of power) 1 hp = 0.7457 kW 
hrs hours 
HSD high-speed diesel 
IMO International Maritime Organisation 
kg kilograms (unit of mass) 
kW kilowatts (unit of power) 
kWh kilowatt-hour (unit of energy) 1kWh = 3.6MJ 
kn knot (unit of speed 1kn = 0.514444m/s = 1 nautical mile per hour) 
km kilometre (unit of length) 
l litre (unit of volume) 
LF load factor 
m metre (unit of length) 
m³ cubic metre (unit of volume), 1m3 = 1000 litres 

MARPOL 
the International Convention for the Prevention of Pollution from 
Ships 

MCR maximum continuous rating 
MDO marine diesel oil 
ME main engine 
MGO marine gas oil 
MJ megajoule (unit of energy) 
MMSI maritime mobile service identity 
MoF Ministry of Fisheries 
MPI Ministry of Primary Industries 



Auckland air emissions inventory 2016 – sea transport  vii 

MSD medium-speed diesel 
MS Microsoft 
NABIS National Aquatic Biodiversity Information System 
NOx nitrogen oxides 
NZ New Zealand 
NZRC New Zealand Refining Company 
OGV ocean going vessel 
PM particulate matter 
PM10 particulate matter less than 10 microns in diameter 
PM2.5 particulate matter less than 2.5 microns in diameter 
POAL Ports of Auckland 
ppm parts per million 
RO residual oil 
RoRo roll-on/roll-off (type of ship) 
RPM revolutions per minute 
s second (unit of time) 
SAR Search and Rescue 
SFC specific fuel consumption 
SOx sulphur oxides 
SQL structured query language 
SSD slow-speed diesel 
ST steam turbines 
t metric tonne (unit of mass) 1t = 1000kg 
TEU twenty-foot equivalent unit representing a standard 20-foot shipping 

container 
USEPA United States Environmental Protection Agency 
UTC Coordinated Universal Time 
VOC volatile organic compound 



Auckland air emissions inventory 2016 – sea transport 1 

1.0 Introduction 

Air quality is affected by emissions discharged into the air. Air pollution causes 

adverse health effects such as asthma, lung and heart conditions. In order to 

further improve air quality, we must reduce air emissions. Auckland Council is 

responsible for the management of air quality in the Auckland region. A suite of 

strategic plans and statutory regulations require the council to ensure ambient air is 

clean and healthy to breathe: 

 The Resource Management Act 1991

 The National Environmental Standards for Air Quality 2004

 The Auckland Plan 2018

 The Auckland Unitary Plan.

An air emissions inventory identifies and quantifies sources of air pollution and their 

trends. It is used to: 

 determine major sources of air pollutants

 assess if emissions have improved, remained the same, or deteriorated over

the reporting period

 evaluate progress towards the emissions reduction target

 provide input for air pollution dispersion and exposure modelling

 inform the efficacy and efficiency of mitigation measures and policy initiatives

and strategies.

The main sources of air pollution in Auckland are from transport, domestic sources 

and industrial discharges. This report compiles an inventory of air emissions from 

ocean going vessels (OGVs), harbour vessels, ferries, fishing activities and port 

cargo handling equipment (CHE) within the Auckland Council boundaries for 2016. 

The inventories for transport (Sridhar and Metcalfe, 2018), home heating (Metcalfe 

et al., 2018), and industry (Crimmins, 2018) are reported separately. A summary 

report is in preparation to integrate these inventories to present an overall 

picture of air emissions and trends. 

This inventory is based on the similar methodologies used to compile the 2006 and 

2010 inventories (Peeters, 2010). In contrast to previous inventories, OGVs, harbour 

vessels and ferry vessels activity have been determined from Automatic Identification 

System (AIS) data rather than movements records and time tables. 
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Recreational vessels, such as pleasure craft, privately owned powerboats and 

sailboats are not included in this emission inventory. Emissions from dredging activity 

are also not included. 

The following air pollutants are considered for this emissions inventory: 

NOx nitrogen oxides 

PM10 particulate matter less than 10 microns in diameter 

PM2.5 particulate matter less than 2.5 microns in diameter 

VOC volatile organic compound 

CO carbon monoxide 

SO2 sulphur dioxide 

CO2 carbon dioxide. 

For this inventory, the distinction between VOC and hydrocarbons has been ignored. 
For OGV non-methane VOC emissions factors are only slightly smaller than 
hydrocarbon emission factors (EMEP/EEA 2016: page 16).   
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2.0 General methodology 

This emission inventory is mainly based on methodologies and emission factors 

published in the United States Environmental Protection Agency (USEPA) report entitled 

Current Methodologies in Preparing Mobile Source Port-Related Emission Inventories 
(USEPA, 2009). The methodologies are a compilation of the best practices identified 

from recent United States port inventories. The ship emission factors used originate from a 

2002 Entec study for the European Commission (USEPA, 2009; Entec, 2002). Although 

these emission factors are generally accepted as the most current available it 

should be noted they were derived from a limited dataset (USEPA, 2009: p2-13). 

For OGVs, harbour vessels and ferries, activity was derived from Automatic 

Identification System (AIS) data supplied by MarineTraffic. This is a significant 

improvement compared to the 2006 and 2010 inventories in which vessel activity was 

derived from Ports of Auckland Ltd (POAL) recorded movements and ferry time 

tables. AIS data include detailed information on vessel location, speed and travel time. 

AIS also accounts for vessel activities that are not registered in the POAL 

movements table or ferry time tables. However, for at-berth emissions, hostelling 

hours were derived from the POAL movements table. This is the same method used for 

the 2006 and 2010 inventories (Peeters, 2010). 

For fishing activities, emissions are based on the same customised methodology used 

for the 2006 and 2010 inventories (Peeters, 2010). Some changes were made in the way 

engine types are allocated and the way emissions are distributed spatially. For outboard 

petrol engines, updated emission factors were sourced from the European 

Environment Agency (EEA). Emission factors for inboard diesel engines remain 

unchanged. Fishing boat emissions for 2006 and 2010 have been re-estimated so 

that they can be compared to the 2016 estimates. 

The emission factor tables and other relevant tables were converted into MS Access1 tables 

so that they could be incorporated into the database queries developed to compile the 

emission inventories. 

AIS, POAL movements and MPI fishing data were pre-processed and then imported into 

MS Access database tables. A list of distinct vessels was extracted from the AIS points 

located within the Auckland Council boundaries. For each it was then necessary 

to gather the required vessel attributes. 

1 MS Access: Microsoft Office database management system (DBMS). 



 

Auckland air emissions inventory 2016 – sea transport 4 

Berthing locations and fishing statistical areas were captured by means of ArcGIS 

software and stored as tables into an Esri Personal Geodatabase2 (i.e., an 

MS Access database designed to store spatial information).  

To ease the data processing, AIS records were split into five separate GIS datasets, 

one for each main vessel group: 

1. Ocean going vessels 

2. Harbour vessels: tugs, pilot boats, police, Search and Rescue (SAR) 

3. Passenger ferries 

4. Recreational vessels 

5. Navigation aid and unidentified vessels. 

After all the required data elements were collected, emissions were calculated 

through a set of MS Access SQL queries. Emissions for each vessel group 

(excluding recreational vessels and navigation aids) were calculated separately and 

then stored in emission events table. Emission events represent the amount of 

emissions released by a specific vessel at a specific location for a specific duration. 

Another set of queries is then used to analyse the results. The results can be 

summarised according to different criteria, e.g., the total sum of emissions for each 

emission group or the total combined emissions for each month. 

To analyse the results spatially, emission results were allocated to 500m by 500m 

grid cells. This is achieved by intersecting the emission geometries (e.g., AIS track or 

berthing location) with the grid cells. Maps showing the spatial distribution for the 

different pollutants are available in Appendix A. 

                                            
2 Geodatabase: database that stores both tabular and geographical information (points, lines and 

polygons). 
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3.0 Fuel types 

The fuel type used varies from vessel to vessel. Some OGVs use more than one fuel 

type e.g. heavy fuel oil (HFO) for the main engine and marine diesel oil (MDO) for the 

auxiliary engine. Different emission factors are applicable to each fuel-type/engine-

type combination. For most OGVs, the fuel type used by the main engine and the 

auxiliary engine was assumed based on the vessel category (Entec 2007: Table 3.6). 

3.1 Sulphur content and MARPOL Annex VI 

Most OGVs use fuels that have high sulphur content and emit large amounts of SO2 

during combustion. In New Zealand there are no specific restrictions on the sulphur 

content of fuel produced for, or used by international or local vessels. Although New 

Zealand is a party to the International Convention for the Prevention of Pollution from 

Ships (MARPOL) Annexes I, II, III and V, it is not yet party to Annex VI (IMO, 2017). 

Annex VI entered into force in May 2005 and deals with the prevention of air pollution 

from ships. Annex VI includes regulations on the sulphur content of fuels. The current 

MARPOL Annex VI maximum sulphur content is 3.5% but this limit will drop to 0.5% 

from 1 January 2020.  

The Ministry of Transport is currently investigating the full implications for New 

Zealand, including costs and benefits, of signing up to MARPOL Annex VI. The 

Ministry will provide advice to the Government in the near future on whether New 

Zealand should adopt Annex VI (Morton, 2017). 

It should be noted that nearly all foreign vessels visiting Auckland are already subject 

to Annex VI standards as a result of flag or port measures (Marten, 2016). Even if 

New Zealand does not sign up to Annex VI, a substantial drop in SO2 emissions can 

therefore be expected when the 0.5% sulphur content limit comes into effect. 

In some areas such as the North Sea, the Baltic Sea and the US-Canadian coastal 

areas the sulphur limit is already as low as 0.1% by mass (IMO, 2015). In Australia, 

cruise ships3 entering Sydney Harbour are required to switch to low sulphur fuel, i.e., 

fuel with a sulphur content of 0.1% or less by weight (NSWEPA, 2015). 

  

                                            
3 Cruise ship: passenger ships that do not have a cargo deck and are designed exclusively for 

commercial transportation of more than 100 passengers in overnight accommodation on a sea voyage 

(NSWEPA, 2015). 
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3.2 Heavy fuel oil 

Heavy fuel oil (HFO) is a residual fuel resulting from the distillation of crude oil. HFO 

is the most widely used marine fuel. In the USEPA Report (2009) HFO is referred to 

as Residual Oil (RO). 

HFO sulphur content can vary significantly according to the point of supply. It would 

be very difficult to obtain the fuel sulphur content for each vessel. It is therefore 

necessary to use an average HFO sulphur content. 

For the 2006 and 2010 inventories average sulphur content by mass of 2.7% (27,000 

ppm) was assumed for HFO. This corresponds to the reference sulphur content used 

in the USEPA Report (2009). The current MARPOL Annex VI maximum sulphur 

content is 3.5%. 

A sulphur content of 2.7% by mass was used for the 2016 inventory based on the 

following considerations. 

 The yearly worldwide average sulphur content of the residual fuels tested in 

2015 was 2.45% (IMO, 2016). 

 Historically the sulphur content has been higher for Asia than the rest of the 

world (HKSAR, 2012). Many of the OGVs visiting Auckland bunker in Asian 

ports. 

 Results from a 2009 Hong Kong survey stated: “the average sulphur contents 

of primary fuel carried on-board for main engine, auxiliary engine and auxiliary 

boiler were 2.95%, 2.78% and 2.8%, respectively” (HKSAR, 2012). 

 A sulphur content of 2.7% was used for a New South Wales ship emission 

study (DNV GL, 2015). 

 Port of Brisbane 2007/08 ship engine exhaust emission estimates “the 

average sulphur content for residual oil obtained from a local ship survey was 

2.7%” (Goldsworthy and Renilson, 2013). 

 Sulphur content for fuel oil consumed in 2016 by Maersk Line container ships 

was on average 2.64% (Maersk, 2017). 

 HFO available in New Zealand has a sulphur content between 2.9% and 3.2% 

by mass (Z Energy, 2014). 

For this inventory it was assumed that no vessel implemented emission reduction 

measures such as the use of lower sulphur fuel or scrubbers. 
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3.3 Marine diesel oil 

Marine Diesel Oil (MDO) is a blend of distillates and a small proportion of heavy fuel 

oil to create a fuel that does not require heating for use in internal combustion 

engines. 

For MDO, the USEPA Report (2009) uses a sulphur content of 1%. In the absence of 

better information, the same sulphur content is used for the 2016 inventory. It is 

assumed that foreign ocean going fishing vessel use MDO fuel for their main and 

auxiliary engines. It is also assumed that auxiliary engines for Bulk Carrier, General 

Cargo, Reefers and Tankers run on MDO. 

3.4 Marine gas oil 

In New Zealand, Marine Gas Oil (MGO) is the same as automotive diesel (AGO). The 

sulphur content is thus assumed to be the same as automotive diesel (10ppm or 

0.001%). 

3.5 Automotive gas oil 

Automotive gas oil (AGO) is the same as the diesel available at petrol stations. The 

maximum sulphur content of diesel is currently 10ppm (0.001%).  

For this inventory, it is assumed that AGO is the fuel used by harbour vessels, ferries, 

Navy vessels and New Zealand based fishing boats seven metres or longer.  

3.6 Petrol 

For this study it was assumed that fishing boats that are less than seven metres long 

use outboard petrol engines. Small harbour vessels powered by outboard engines 

are also assumed to use petrol. 

The maximum sulphur content for petrol is currently 50ppm (0.005%). From 1 July 

2018 the maximum sulphur content will drop to 10ppm (0.001%)4. 

                                            
4 Engine Fuel Specifications Amendment Regulations 2017 

http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/engine-fuel-quality/2016-17%20updates. 
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4.0 Vessel emissions 

4.1 Activity data 

Vessel activity data for the 2016 calendar year originates from two main sources: 

ship movements recorded by POAL and AIS data purchased from MarineTraffic5. At-

sea emissions for OGVs, harbour vessels and ferries are calculated based on AIS 

derived travel data, whereas at-berth emissions for OGVs are derived from POAL 

records. 

Fishing boats activity is derived from fishing records obtained from the Ministry of 

Primary Industries (MPI). Emissions from fishing activities are handled in a separate 

section of this document. 

4.1.1 POAL ship movements 

Ship movements for the 2016 calendar year were obtained from POAL in the form of 

an MS Excel spreadsheet. For each movement the following attributes were 

supplied: 

 vessel name 
 vessel type 
 IMO identifier 
 gross tonnage6 (GT) 
 ship length (m) 
 movement type (arrival, departure or removal) 
 berth 
 movement, date and time 
 number of pilots (not used) 
 number of tug boats (not used) 
 last port (not used) 
 next port (not used). 

The movement spreadsheet was first pre-processed so that it could be imported into 

an MS Access database table. The movement table also includes some Navy ships 

movements and barge movements. The movement data does not include vessels 

travelling through the Auckland region, e.g., the vessel traffic between Marsden Point 

and the Colville Channel. Many Navy movements are also missing from the POAL 

table. 

                                            
5 MarineTraffic is an organisation that provides real-time information on ship movements. It also maintains an 

archive of historical data, see www.marinetraffic.com for more details. 
6 Gross tonnage of a ship is a measure of the overall size of a ship that is determined in accordance with the 

provisions of the International Convention on Tonnage Measurement of Ships 1969. 
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The POAL vessel movement table includes four types of movements: 

 arrival – A 
 departure – B 
 removal departure from a berth or anchorage – RD 
 removal arrival to a berth or anchorage – RA. 

Removal movements are ship movements between berths within the port. Some 

berths are temporary moorings located at sea. A summary of POAL vessel 

movements is listed in Table 1. 

Table 1: Summary POAL vessel movements – number of visits and gross tonnages  

Vessel Type  Visits  Average GT  Minimum GT  Maximum GT 

Barge  249  681 291 1,721 

Bulk/Cargo  756  5,348 365 36,294 

Container Ship  779  26,592 5,234 92,198 

Cruise Ship  99  77,455 1,779 167,800 

Harbour Vessel  101  128 1 496 

Other  186  2,949 113 22,686 

Tanker  91  9,645 2,490 81,509 

Vehicle Carrier  188  55,642 5,864 77,000 

Yacht  31  1,087 184 2,998 

Total  2480 

 

4.1.2 Automatic Identification System data 

Automatic Identification System (AIS) is an automatic tracking system that is used 

aboard vessels to communicate information about the vessel to other vessels and/or 

to coastal authorities automatically. Vessels fitted with AIS transceivers can also be 

tracked by AIS base stations located along the coast lines or, when out of range of 

terrestrial networks, through satellites that are fitted with special AIS receivers. The 

AIS sends information such as vessel name, position (latitude/longitude), speed, 

heading, vessel length and vessel type.  

The IMO’s International Convention for the Safety of Life at Sea requires AIS to be 

fitted aboard international voyaging ships with 300 or more gross tonnage, and all 

passenger ships regardless of size7. AIS is also fitted on many smaller vessels such 

as tugs, pilot boats and pleasure crafts. 

                                            
7 IMO Regulations for carriage of AIS: http://www.imo.org/en/OurWork/safety/navigation/pages/ais.aspx. 
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Auckland Council purchased AIS data for the 2016 calendar year from MarineTraffic8. 

The data was extracted from the MarineTraffic archive database using the following 

criteria: 

 time stamp between 2016-01-01 00:00 and 2016-12-31 23:59 UTC 
 longitude between 173.89° and 175.90° 
 latitude between -37.36° and -35.70° 
 terrestrial (T-AIS) and satellite (S-AIS). 

A total of 5,417,901 points were supplied by MarineTraffic in the form of three comma 

separated value files (CSV files).  

Each AIS record has the following attributes: 

 MMSI9 

 speed (knots) 

 status 

 course 

 heading 

 time stamp (UTC) 

 latitude and longitude. 

Status and Course attributes were not used for this study. AIS time is recorded in 

Coordinated Universal Time (UTC), not the local Auckland time. This has no 

significant impact on the total emissions. The average time resolution between 

consecutive AIS recordings for a vessel is approximately three minutes. AIS data was 

processed as follows: 

 import CSV files into a Geodatabase (GIS layer) 

 allocate an area code to each point: 

- area 1: sea area within Auckland Council boundaries 

- area 2: land area within Auckland Council boundaries 

- area 3: sea area outside Auckland Council boundaries 

- area 4: land area outside Auckland Council boundaries 

 create a summary table listing each distinct vessel with the following attributes: 

- maritime mobile service identity (MMSI) 

- total number of AIS points for vessel 

- number of AIS points inside Auckland Council boundaries. 

In total, 1940 distinct vessels were identified of which 1480 had valid MMSI as well 

as two or more AIS points located within the Auckland Council boundaries (Table 2). 

                                            
8 MarineTraffic – Historical AIS Data: https://www.marinetraffic.com/p/ais-historical-data. 
9 MMSI – Maritime Mobile Service Identity: it is a nine-digit vessel identifier. Although it is a unique vessel 

identifier at a point in time, a vessel MMSI can change over time.  
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Vessel types and other vessel attribute data were obtained from a variety of internet 

sources. A small number of vessels identified in the POAL movement table do not 

appear in the AIS data set. These are mainly barges, Navy vessels and fishing boats. 

Emissions from barges are accounted for as tug emissions. Except for one Chinese 

Navy vessel, most of the other missing vessels are relatively small. Their at-sea 

emission contributions are relatively small and were not included in the inventory. 

To ease the data processing, AIS records were split into five separate GIS datasets, 

one for each main vessel group: 

1. Ocean going vessels 

2. Harbour vessels: tugs, pilot boats, police, SAR 

3. Passenger ferries 

4. Recreational vessels 

5. Navigation aid and unidentified vessels. 

AIS data points were converted into trajectories. In simple terms, two consecutive 

AIS points were converted into a straight line geometry (Figure 1). The average 

speed was calculated from the time elapsed and the distance travelled. A vessel 

trajectory is thus made up of a series of consecutive line segments (Figure 2). Filters 

were applied to eliminate obvious errors and to ensure that no tracks are generated 

while a vessel is standing still. The resulting tracks are not an exact record of a 

vessel trajectory but are a good approximation to estimate emissions of vessels. 

Under some circumstances a vessel may get out of sight from the AIS receivers. 

Long stretches of a trajectory are then represented as long straight lines cutting 

across land (e.g., island or peninsula). Although this phenomenon is not common, it 

tends to occur more frequently with ferry boats. For ferries, less than 1% of the total 

travel distance is affected. No attempt was made to correct this anomaly as the 

resulting error would be very small. There are also some trajectories that are 

incomplete in the areas that are the furthest away from the AIS receivers. Although it 

is difficult to quantify the magnitude of this issue, it is not thought to be significant. 

To facilitate the spatial analysis of the emissions, tracks were intersected with a 

500m grid such that each segment is split into sub-segments. Each sub-segment is 

then fully located within a grid cell (Figure 3).  
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Table 2: Breakdown of AIS record by vessel group and vessel type 

Group  Vessel Type   Vessels+   POAL Visits+   AIS Count*    Share% 

1 

Barge  3 6 1,018  0.0% 

Bulk carrier   240 614 294,995  6.5% 

Container  126 773 258,856  5.7% 

Cruise  42 99 29,161  0.6% 

Fishing  30 36 26,992  0.6% 

General Cargo  41 100 55,726  1.2% 

Navy  20 114 55,308  1.2% 

Offshore Vessel  1 3 2,587  0.1% 

Reefer  20 40 13,329  0.3% 

Research  4 3 4,198  0.1% 

RoRo  2 1 2,881  0.1% 

Supply Vessel  3 3 8,195  0.2% 

Tanker   60 91 64,657  1.4% 

Vehicle Carrier  94 187 67,372  1.5% 

Total Group 1  687 2,070 885,275  19.5% 

2 

Pilot Vessel  4 3 83,136  1.8% 

Police  10 0 80,930  1.8% 

Port Tender  7 0 34,396  0.8% 

SAR  16 0 105,012  2.3% 

Survey Vessel  1 0 5,520  0.1% 

Tug  25 58 256,337  5.6% 

Work Boat  1 0 4,380  0.1% 

Total Group 2  64 61 569,711  12.6% 

3 
Harbour Ferry  41 7 1,577,637  34.8% 

Total Group 3  41 7 1,577,637  34.8% 

4 

Outboard  14 0 6,638  0.1% 

Pleasure Craft  34 0 7,574  0.2% 

Yacht ‐ Motor  167 20 568,108  12.5% 

Yacht ‐ Sailing  440 10 698,271  15.4% 

Total Group 4   655 30 1,280,591  28.2% 

5 
 

Navigation Aid  33 0 224,861  5.0% 

Total Group 5  33 0 224,861  5.0% 

   Total all groups  1,480 2,168 4,538,075  100.0% 
+ For vessels with AIS records that are also included in POAL movements table 

*
AIS Points falling inside Auckland Council boundaries 

% Share of the total for all categories
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Figure 1: AIS points with time stamp and line segments with length and speed in knots 

 

Single OGV trajectory: departure and arrival Ferry trajectories for a 24 hour period 

Figure 2: Examples of vessel trajectories derived from AIS points 
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AIS segments before AIS segments after split 

Figure 3: AIS segments before and after grid split 

Each sub-segment has the following attributes: 

 MMSI: vessel identifier 

 start time (UTC) 

 end time (UTC) 

 travel time in seconds 

 length in metres 

 speed in knots 

 cell-id: grid cell identifier 

 area code: 1, 2, 3 or 4. 

The resulting AIS tracks are a significant improvement compared to the track model 

used for the 2006 and 2010 inventories. AIS tracks allow for a more accurate 

modelling of the spatial and temporal distribution of air emissions at sea. 

4.2 Vessel data 

A list of 1521 vessels was compiled: 1480 vessels were extracted from the AIS data 

set and an additional 41 vessels were identified from the POAL movements table.  

Where available, attributes were extracted from the POAL movements table and the 

2006/2010 inventories vessel dataset. A thorough and time-consuming investigation 

was carried out to source as many missing key attributes as possible (Table 3): 

 vessel type 
 length (m) 
 gross tonnage (tonnes) 
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 IMO10 number 
 year built 
 main engine power (kW) 
 main engine speed (rpm) 
 maximum speed (knots). 

Table 3: Some of the internet sites used to source vessel attributes 

Containership‐Info  www.containership‐info.com 

ClassNK  www.classnk.or.jp 

MarineTraffic.Com  www.marinetraffic.com 

Maersk Line  www.maerskline.com 

Wikipedia  en.wikipedia.org 

Ship Spotting  www.shipspotting.com 

Swire Shipping  www.swireshipping.com 

Wilhelmsen Group  www.wilhelmsen.com 

Hoegh Autoliners  www.hoeghautoliners.com 

New Zealand Maritime Index  www.nzmaritimeindex.org.nz 

Cmsdroff on GitHub  imo‐vessel‐codes.csv 

Vessel type, gross tonnage and main engine power attributes were obtained for 
nearly all vessels. Main engine speed and maximum speed are more difficult to 
source. Information on auxiliary engine power and auxiliary boiler are rarely 
available. Each vessel was allocated an inventory specific vessel identifier. 

4.2.1 Main engine power 

Main engine installed power was obtained for most vessels. Where the installed 

power could not be obtained, it was interpolated from vessels with similar 

characteristics. 

For electric drive ships, the main engine emissions are based on the propulsion 

power, not the total installed power. Electric drive ships are mainly cruise ships. For 

the diesel-electric ships that visited Auckland in 2016, the propulsion power is on 

average 62% of the total installed power. 

4.2.2 Maximum speed  

For OGVs the maximum speed is required to estimate the main engine load through 

the application of the Propeller Law (Equation 2). Where the maximum speed could 

not be obtained, it was derived by means of a non-linear (logarithmic function) 

regression of maximum speed against the main engine power for ships where both 

                                            
10 IMO number is a unique seven-digit identifier for cargo vessels that are at least 300 gross tons and passenger 

vessels of at least 100 gross tons. An IMO number is a permanent identification, it remains unchanged for the 

whole life of a vessel. 
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values were known (Table 4). Separate regressions were calculated for each vessel 

type provided enough data pairs were available. Examples for container ships and 

vehicle carriers are shown below (Figure 4 and Figure 5). 

 

Figure 4: Container ships – ME power (kW) versus maximum speed (knots) 

 

Figure 5: Vehicle carriers – ME power (kW) versus maximum speed (knots) 
 

Table 4: Equations to derive maximum speed from main engine power 

Vessel Type  Equation  R2  Sample 

Container   Smax = 3.883 x ln(P) ‐ 16.6  0.91  94 

Vehicle Carrier  Smax = 3.987 x ln(P) ‐ 16.2  0.40  55 

Bulk Carrier  Smax = 2.043 x ln(P) ‐ 1.8  0.48  53 

Cruise  Smax = 2.965 x ln(P) ‐ 8.6  0.75  46 

Navy  Smax = 3.845 x ln(P) ‐ 12.4  0.67  28 

General Cargo  Smax = 1.581 x ln(P) + 2.2  0.35  14 

Tanker  Smax = 2.063 x ln(P) ‐ 2.6  0.45  14 

Reefer  Smax = 3.251 x ln(P) ‐ 7.4  0.90  11 

Smax: maximum speed in knots, P: Main engine power in kW. 
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4.2.3 Auxiliary engine power 

For all vessels the auxiliary engine power is derived from a default ratio of auxiliary 

engine power to main engine power. For most vessel types these ratios originate 

from USEPA (2009: Table 2-4). For Cruise, Navy and ‘Other’ vessel types, ratios 

originate from the 2007/08 Port of Brisbane emission study (Goldsworthy and 

Renilson, 2013: Table 1). A vessel’s auxiliary engine power is obtained by multiplying 

the main engine power with the auxiliary to propulsion ratio for the vessel type. 

Electric drive ships do not have separate auxiliary engines, the auxiliary engine 

power is assumed to be the difference between total power of the diesel-electric main 

engines less the power of the propulsion engines. 

4.2.4 Main engine speed class and fuel type, and auxiliary engine fuel type 

For OGVs main engine speed class and fuel type as well as auxiliary engine fuel type 

are allocated based on the dominant speed class and fuel type for each vessel type 

and gross tonnage category as published in a 2007 Entec report (Entec, 2007). The 

distinction of speed class and fuel type is necessary as different emission factors are 

applied to each ‘speed class - fuel type’ combination. 

Main Engine speed classes: 

 SSD – Slow Speed Diesel – <130rpm 

 MSD – Medium Speed Diesel – 130rpm to 1400rpm 

 HSD – High Speed Diesel – >1400rpm. 

All Auxiliary engines are assumed to be medium speed (MSD) (USEPA 2009). 

Fuel Types: 

 HFO – Heavy Fuel Oil (or Residual Oil) 

 MDO – Marine Diesel Oil. 

All Navy vessels, larger harbour crafts and ferries are assumed to use ADO fuel for 

both main and auxiliary engines. 

4.2.5 Navy vessels 

There are some uncertainties about Navy movements. AIS data indicate that many 

Navy movements do not appear in the POAL movements table, while some POAL 

recorded Navy vessels do not appear in the AIS data set. Navy vessels sometimes 

choose to turn their AIS transponders off. 
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In November 2016, a large number of international Navy vessels visited Auckland on 

the occasion of the New Zealand Navy’s 75th anniversary (NAVY, 2016). They 

contributed to 2016 emissions. 

Many Navy vessels use unconventional engine configurations for propulsion 

involving two or more engines, e.g. combined diesel or gas turbine (CODOG); 

combined diesel and diesel (CODAD). The use of the total installed power is 

reserved for when higher speeds are needed at sea. It was therefore decided not to 

use the total installed propulsion power to estimate emissions from the larger Navy 

vessels. Emissions from Navy vessels were calculated using the following 

assumptions: 

 ME power > 6500kW ME Power = 6500kW 

ME Speed Class = MSD 

AE Power = 1300kW 

AE Speed Class = MSD 

Max Speed = 20 knots 

 ME power <= 6500kW If Max Speed is unknown 

then Max Speed = 20 knots. 

It was also assumed that Navy vessels use naval grade fuel similar to AGO fuel with 

a sulphur content of 0.001% or 10ppm (Goldsworthy and Renilson, 2013). Calliope 

Wharf and Boiler Wharf are usually the main Navy wharves. 

4.3 Ocean going vessels, OGV 

For this study the following vessels were included in the OGV group: 

- Bulk Carrier - Reefer - Cable Layer 

- General Cargo - Vehicle Carrier - Research 

- Container - RoRo - Fishing 

- Cruise - Navy - Supply 

- Tanker - Barge  

 

OGV traffic density (distance travelled) is shown in Figure 6. 
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Auckland region 

 
Waitematā Harbour – Hauraki Gulf 

Figure 6: OGV traffic density – distance travelled in 2016 

 

4.3.1 OGV main engines 

4.3.1.1 Methodology – OGV main engines 

It was assumed that OGV main engines are always operating while travelling but are 

switched off while in port. The current practice to calculate emissions from ships is to 

use energy-based emission factors multiplied by the activity duration (USEPA, 2009: 

p2-1). 

Main engine emissions for OGV activities at sea were calculated using the equation 

below. 

	 	 	 	 	 	   Equation 1 

Where: 

- E  = Emissions (grams) 

- P  = Engine power (kW) 

- LF = Load factor (per cent of vessel’s total power) 

- A = Activity duration (hours) 

- EF = Emission factor (grams per kWh) 

The activity duration for each AIS track segment corresponds to the time difference 

between the time stamps recorded for the start point and the end point. 

While a vessel is travelling, the main engine load factor is calculated based on the 

theory that propulsion power varies by the cube of the speed (Propeller Law) as 

shown in the equation below (USEPA, 2009: p2-11). 
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 Equation 2 

Where: 

- LF = Load factor  

- AS = Actual speed (knots 

- MS = Maximum speed (knots) 

The maximum speed is the maximum speed specified for the ship. The actual speed 

is the speed calculated for the AIS track segment. Where the calculated load factor 

falls below 2%, the load factor is set to 2% (USEPA, 2009: p2-12). Where the 

calculated load factor is above 83%, it was reduced to 83% (USEPA, 2009: p2-11). It 

should be noted that the load factor is sensitive to the maximum speed. A 5% 

overestimate of the maximum speed results in 14% drop in the load factor. 

For a vessel, the main engine emission factors to be applied were determined from 

the engine speed class and the fuel type assumed for that ship type (USEPA, 2009: 

Table 2-9). It should be noted that these emission factors originate from a limited 

dataset (USEPA, 2009: p1-2).  

The USEPA Report (2009: p2-14) uses the equations below to calculate PM10 and 

SO2 emission factors. 

HFO  
Equation 3 

	 . . .  

MDO  
Equation 4 

	 . . .  

 - The sulphate component in PM10 has a molecular weight 7 times 
that of sulphur, 

- 2.247% of the fuel sulphur is converted to PM10, and 

- PM2.5 emission factors are 97% of PM10. 

All fuels 
Equation 5 

	 	 	 .  
 Assuming that 97.753% of the fuel sulphur is converted to SO2 and 

taking into account the molecular weight difference between SO2 and 

sulphur (i.e. molecular weight is twice that of sulphur). 

Where: - EF       
- BSFC 
- FSF     

= Emission factor (g/kWh), 
= Brake specific fuel consumption (g/kWh), and 
= Fuel sulphur fraction by weight (e.g. 2.7% or 0.027). 

There is a strong correlation between the PM10 emission factor and the fuel sulphur 

content. Emission factors are assumed to be constant down to about a 20% load. 
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Below that threshold, emission factors tend to increase as the load decreases. Diesel 

engines are less efficient at low loads and the fuel consumption tends to increase. 

Low load adjustment factors are therefore applied to the emission factors for load 

factors below 20%. These adjustment factors have a significant effect on emissions 

from manoeuvring ships, e.g., the SO2 adjustment factor for a 2% load is 336% 

(USEPA, 2009: Table 2-15). 

The adjustment factors are pollutant specific and should only be applied to MSD and 

SSD engines. Low load factors should not be applied to diesel-electric engines 

because two or more engines are used to generate power such that some can be 

shut down to allow others to operate at a more efficient setting (USEPA, 2009: p2-

18).  

For this study, the main engine emissions were obtained by calculating the emissions 

for each AIS track segment. For each segment the main engine power is multiplied 

by the load factor, the emission duration and the emission factor. Where appropriate, 

the low load factor adjustment is applied. It was assumed that ships navigating the 

Auckland waters are compliant with MARPOL Annex VI NOx emissions standards 

(USEPA, 2009: p2-15). For this study, main engine and auxiliary engine NOx 

emission factors were reduced for ships built after 1999 as per Annex VI 

requirements. Although Annex VI standards apply to the engine manufacturing year, 

it was assumed that the ship built year is the same as the engine manufacturing year. 

4.3.1.2 Results – OGV main engine 

OGV main engine emissions for 2016 are listed in Tables 5 to 7. 

Table 5: Estimated OGV main engine emissions for 2016 by mode (tonnes) 

Mode  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Cruise  12,538,434  186  17.2 15.8 7.0 16.4 128  8,082 

Manoeuvre  819,760  31  4.1 3.8 4.4 5.3 17  1,042 

Reduced speed  44,280,580  752  73.5 67.8 41.5 85.4 504  31,215 

Total  57,638,774  969  94.8 87.4 52.8 107.2 649  40,338 

Table 6: Estimated OGV main engine emissions for 2016 by category (tonnes) 

Category  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Bulk/Cargo  11,174,206  171.4  17.1 15.7 7.8 16.1 123.4  7,492 

Container Ship  30,109,130  548.6  54.2 50.0 33.0 62.8 359.1  21,564 

Cruise Ship  5,685,620  74.6  8.3 7.6 2.9 6.2 65.5  3,951 

Other  2,090,768  24.1  0.7 0.6 1.1 6.0 2.7  1,412 

Tanker  3,483,734  53.3  5.1 4.7 2.2 4.7 37.6  2,267 

Vehicle Carrier  5,095,316  97.1  9.4 8.7 6.0 11.3 60.8  3,652 

Total  57,638,774  969.0  94.8 87.4 52.8 107.2 649.1  40,338 
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Table 7: Estimated OGV main engine emissions contribution for 2016 by category 

Category  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Bulk/Cargo  19%  18%  18% 18% 15% 15% 19%  19% 

Container Ship  52%  57%  57% 57% 62% 59% 55%  53% 

Cruise Ship  10%  8%  9% 9% 5% 6% 10%  10% 

Other  4%  2%  1% 1% 2% 6% 0%  4% 

Tanker  6%  6%  5% 5% 4% 4% 6%  6% 

Vehicle Carrier  9%  10%  10% 10% 11% 11% 9%  9% 

4.3.2 OGV auxiliary engines 

4.3.2.1 Methodology – OGV auxiliary engines 

Auxiliary engines are operating at some load conditions during the entire time the 

vessel is manned, i.e., also while in port. There is no need for a low load adjustment 

factor for auxiliary engines because they are generally operated in banks. When only 

low loads are needed, one or more engines are shut down, allowing the remaining 

engines to operate at a more efficient level (USEPA, 2009: p2-19). 

Auxiliary engine emissions at sea and at berth were calculated separately. The 

emission factors and the load factors used are those published in the USEPA Report 

(2009: Table 2-16). For each ship type there are distinct load factors for each mode, 

i.e., Cruise, Reduced Speed, Manoeuvre and Hotelling (ship at berth). A mode has 

been allocated to each track segment based assumption as shown below: 

 Cruise: load factor > 50%. 

 Reduced speed: load factor >=20% within manoeuvre area and <=50% 
elsewhere. 

 Manoeuvre: load factor < 20% within specified manoeuvring areas (Figure 7). 

 Hotel: ship at berth or moored. 
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Figure 7: Manoeuvring areas for Waitematā and Manukau harbours (hatched) 

 

4.3.2.2 OGV auxiliary engines at sea 

OGV auxiliary engine emissions at sea are calculated in a similar way to main engine 

emissions. For each track segment the auxiliary engine power is multiplied by the 

mode load factor, the emission duration and the emission factor. 

4.3.2.3 OGV auxiliary engines at berths 

For hotelling, auxiliary engine emissions are calculated by multiplying the auxiliary 

engine power with the hotelling mode load factor, the hotelling hours, and the 

emission factor. Where the hotelling time exceeds one day (24 hours), hotelling 

emissions were spread proportionally over each hotelling day. 

The hotelling hours are derived from the POAL movement data by calculating the 

time difference between the time a ship arrives at the berth location and the time it 

leaves the berth location. Because of inter-berth movements this is not always the 

same as the time in port. Where the berthing time between movements exceeds 

seven days, the hotelling time was reduced to seven days. It was assumed that the 

fuels consumed while at berth have the same sulphur content as the fuels consumed 

at sea. 

4.3.2.4 Results – auxiliary engines 

Table 8 summarises OGV hotelling hours for 2016 and average auxiliary engine 

power. OGV auxiliary engine emissions for 2016 are listed in Tables 9 to 11.  

Land Information New Zealand, Eagle Technology
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Table 8: OGV hotelling hours for 2016 and average auxiliary engine power (kW) 

Category  Visits 
Total 
Hours 

Average 
Hours 

Average 
AE kW 

Bulk/Cargo  753  26,564 35.3 781

Container Ship  774  17,020 22.0 4,493

Cruise Ship  99  1,499 15.1 17,845

Other  182  23,529 129.3 1,008

Tanker  91  8,503 93.4 545

Vehicle Carrier  188  3,532 18.8 3,861

Total  2,087  80,647 38.6 2,660

 
Table 9: Estimated OGV auxiliary engine emissions for 2016 by mode (tonnes) 

Mode  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Cruise  1,002,806  14  1 1 0 1 9  711

Manoeuvre  2,726,261  39  4 3 1 3 29  1,958

Reduced speed  19,538,413  277  25 23 8 21 211  14,030

Hotelling  34,118,482  467  38 35 14 38 308  24,319

Total  57,385,962  797  68 62 23 63 557  41,018

 
Table 10: Estimated OGV auxiliary engine emissions for 2016 by category (tonnes) 

Category  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Bulk/Cargo  6,674,566  92  3 3 3 7 28  4,610

Container Ship  23,619,238  345  34 31 9 26 283  17,066

Cruise Ship  13,488,030  182  19 18 5 15 162  9,746

Other  5,663,619  64  1 1 2 6 3  3,916

Tanker  1,777,620  22  1 1 1 2 8  1,228

Vehicle Carrier  6,162,890  91  9 8 2 7 74  4,453

Total  57,385,962  797  68 62 23 63 557  41,018

 

Table 11: Estimated OGV auxiliary engine emissions contribution for 2016 by category 

Category  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Bulk/Cargo  12%  12%  5% 5% 12% 12% 5%  11% 

Container Ship  41%  43%  50% 50% 41% 41% 51%  42% 

Cruise Ship  24%  23%  29% 29% 24% 24% 29%  24% 

Other  10%  8%  2% 2% 10% 10% 1%  10% 

Tanker  3%  3%  1% 1% 3% 3% 1%  3% 

Vehicle Carrier  11%  11%  13% 13% 11% 11% 13%  11% 
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4.3.3 OGV auxiliary boilers 

4.3.3.1 Methodology – OGV auxiliary boilers 

Auxiliary boilers are used on OGVs to make heavy fuel fluid enough to use in diesel 

engines and to produce hot water. These boilers are generally used during hotelling 

and manoeuvring only. Auxiliary boiler loads published in the USEPA Report (2009) 

originate from the Port of Los Angeles 2005 emission inventory. Boiler loads were 

calculated from boiler fuel use determined during a vessel boarding program. The 

USEPA Report (2009: Table 2-17) publishes manoeuvring and hotelling boiler energy 

use for each ship type irrespective of the ship size. For this emission inventory the 

boiler energy usage was scaled relative to the average main engine power for each 

ship type (USEPA, 2009: Table 2-4).  

	
	

 Equation 6 

Where: 

- BPship   = Boiler power for ship in kW 

- BPship type  = Average boiler power for surveyed ship type in kW 

- MEship  = Main engine power for ship in kW 

- MEship type = Average main engine power for surveyed ship type in kW 

The above method to estimate a ship’s boiler emissions is believed to be more 

realistic compared to the method in the USEPA Report as boiler energy usage is 

scaled relative to the ship’s main engine power. 

Tankers visiting Auckland are relatively small. It is assumed that these tankers do not 

use boiler power for pumping cargo and ballast water. They tend to use hydraulic 

pumps powered by auxiliary engines (Goldsworthy and Renilson, 2013). The boiler 

power while berthed is therefore assumed to be the same as that for manoeuvring, 

i.e., 371 kW (Goldsworthy and Renilson, 2013: Table 2). 

The USEPA Report (2009: p2-19) recommends that steam turbine (ST) emission 

factors should be used to estimate boiler emissions. For this study it was assumed 

that the auxiliary boiler uses the same fuel type as the main engine. Boilers have low 

NOx emission factors compared to main and auxiliary engines. 
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4.3.3.2 Results – OGV auxiliary boilers 

OGV auxiliary boiler emissions for 2016 are listed in Tables 12 to 15. 

Table 12: Estimated OGV auxiliary boiler emissions for 2016 by mode (tonnes) 

Mode  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Cruise  ‐  ‐  ‐ ‐ ‐ ‐ ‐  ‐ 

Manoeuvre  449,632  1  1 1 0 0 7  436 

Reduced speed  ‐  ‐  ‐ ‐ ‐ ‐ ‐  ‐ 

Hotelling  10,210,756  21  15 14 1 2 164  9,912 

Total  10,660,388  22  16 14 1 2 172  10,348 

Table 13: OGV – comparison of auxiliary engine and auxiliary boiler emissions at berth 

Machinery  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Auxiliary engine  (t) 
(%) 

34,118,482  467 38 35 14 38 308  24,319 

77%  96% 72% 72% 93% 95% 65%  71% 

Auxiliary boiler    (t) 
(%) 

10,210,756  21 15 14 1 2 164  9,912 

23%  4% 28% 28% 7% 5% 35%  29% 

Table 14: Estimated OGV auxiliary boiler emissions for 2016 by category (tonnes) 

Category  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Bulk/Cargo  1,788,423  4  3 2 0 0 29  1,736 

Container Ship  5,139,066  11  8 7 1 1 83  4,989 

Cruise Ship  1,072,212  2  2 1 0 0 17  1,041 

Other  ‐  ‐  ‐ ‐ ‐ ‐ ‐  ‐ 

Tanker  915,097  2  1 1 0 0 15  888 

Vehicle Carrier  1,745,590  4  3 2 0 0 28  1,694 

Total  10,660,388  22  16 14 1 2 172  10,348 

Table 15: Estimated OGV auxiliary boiler emissions contribution for 2016 by category 

Category  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Bulk/Cargo  17%  17%  17% 17% 17% 17% 17%  17% 

Container Ship  48%  48%  48% 48% 48% 48% 48%  48% 

Cruise Ship  10%  10%  10% 10% 10% 10% 10%  10% 

Other  0%  0%  0% 0% 0% 0% 0%  0% 

Tanker  9%  9%  9% 9% 9% 9% 9%  9% 

Vehicle Carrier  16%  16%  16% 16% 16% 16% 16%  16% 

4.3.4 OGV combined results 

Estimated OGV emissions for 2016 are summarised in Tables 16 to 20 and Figure 8. 

Daily NOX and SO2 emissions show a high degree of variability from day to day, and 

tend to be higher during the summer months (Figure 9). 
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Table 16: Estimated OGV emissions for 2016 (tonnes) 

Location  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

At‐Sea  81,355,885  1,300  125 116 62 133 906  57,474 

At‐Berth  44,329,239  488  53 48 15 40 472  34,231 

Total  125,685,124  1,788  178 164 77 172 1,378  91,705 

Table 17: Estimated OGV emissions for 2016 – At-sea/At-berth split 

Location  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

At‐Sea  65%  73%  70% 70% 81% 77% 66%  63% 

At‐Berth  35%  27%  30% 30% 19% 23% 34%  37% 

Table 18: Estimated OGV emissions for 2016 by vessel category (tonnes) 

Category  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Bulk/Cargo  19,637,194  267 23 21 11 24 180  13,839 

Container Ship  58,867,434  905 96 88 43 90 725  43,619 

Cruise Ship  20,245,863  259 29 27 8 21 244  14,737 

Other  7,754,386  88 2 2 3 12 6  5,328 

Tanker  6,176,450  77 7 7 3 7 60  4,383 

Vehicle Carrier  13,003,796  191 21 19 9 18 163  9,799 

Total  125,685,123  1,788 178 164 77 172 1,378  91,705 

Table 19: Estimated OGV emissions for 2016 by machinery type (tonnes) 

Machinery  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

Main engine  57,638,774  969 95 87 53 107 649  40,338 

Auxiliary engine  57,385,962  797 68 62 23 63 557  41,018 

Auxiliary boiler  10,660,388  22 16 14 1 2 172  10,348 

Total  125,685,123  1,788 178 164 77 172 1,378  91,705 

Table 20: Estimated OGV emissions machinery type contribution for 2016 

Machinery  kWh  NOx  PM10  PM2.5 VOC  CO  SO2  CO2 

Main engine  46%  54% 53% 53% 69% 62% 47%  44% 

Auxiliary engine  46%  45% 38% 38% 30% 37% 40%  45% 

Auxiliary boiler  8%  1% 9% 9% 1% 1% 12%  11% 

 
Figure 8: Estimated OGV emissions contribution for 2016 by vessel category 
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Figure 9: Daily NOX and SO2 emissions from all OGV machinery types (kg/day) 
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4.3.5 OGV projection assumptions 

OGV emissions for the years 2026, 2036 and 2040 were estimated on the following 

assumptions: 

 Cruise ship visits will increase from 99 in 2016 to 150 in 2030 (ATEED, 2015: 

Figure 11). Number of visits for 2036 and 2040 were extrapolated. 

 POAL terminal capacity will grow to two million TEU11 by 2044 from 926,151 in 

2016 (NZIER, 2015: p10).  

 Vehicle imports will grow from 269,939 in 2016 to 341,000 in 2041 (NZIER, 

2015: p54).  

 Bulk carrier, general cargo and tanker activity will experience a similar growth 

as vehicle carriers. 

 Hotelling – shore power infrastructure will become available12 and 13: 

- 50% of cruise ships will use shore power in 2026. 

- 50% of cruise, container and reefer vessels will use shore power in 

2036 (Papoutsoglou, 2012, p108). 

- 50% of all OGVs will use shore power in 2040. 

 OGVs visiting Auckland will be progressively compliant in regards to MARPOL 

Annexe VI NOx emission standards. Compliance will achieved through the use 

of low sulphur fuel and/or other technical implementations such as scrubbers. 

 IMO will cap the sulphur content of marine fuels sold worldwide at 0.5% from 

2020. Sulphur emissions for 2026, 2036 and 2040 are based on a sulphur 

content of 0.5%. 

 By 2040, all OGVs visiting Auckland will still be powered by engines using 

petroleum-based fuels. 

4.3.6 OGV emission projections 

Emissions for 2006 and 2010 originate from the 2006/2010 inventory report (Peeters, 

2010, Table 11). The at-sea emissions were estimated from POAL reported 

movements only; they only include emissions from vessels that berthed at the 

                                            
11 1 TEU = 20-foot-long (6.1 m) shipping container. 
12 Shore power is the provision of shore side electrical power to a ship at berth while its on-board engines are 

shut down. For OGVs it is sometimes referred to as “cold ironing”. 
13 POAL completed shore power study to investigate the feasibility of installing shore power for cruise ship (POAL 

2017b, p32). 
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Auckland port. They do not include vessels that sailed through the Auckland waters 

but did not visit the port. At-sea emissions for 2016, 2026, 2036 and 2040 are derived 

from AIS data and include emissions from vessels that navigate through Auckland 

waters but do not berth at the port. Estimated at-sea emissions for 2006 and 2010 

are therefore not directly comparable with those estimated for subsequent years. 

All at-berth emissions are based on POAL reported and projected movements. 

Estimated at-berth emissions for 2006 and 2010 can therefore be compared. 

SO2 and particle emissions could drop by up to 75% and 39% respectively through 

the implementation of the 0.5% fuel sulphur cap from 2020 onwards. The 

implementation of shore power could potentially result in a reduction of at-berth 

emissions for all pollutants, even after traffic growth is factored in (Table 21). 

Table 21: Projected OGV emissions 

Year  Location  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

2006 

At‐sea  919  77  71  34  75  564  34,885 

At‐berth  378  46 42 11 29 421  28,204

Total  1,297  123  113  45  104  985  63,088 
 

2010 

At‐sea  976  83  76  37  80  603  37,115 

At‐berth  509  65 60 15 39 604  40,079

Total  1,485  145  136  52  119  1208  77,194 
 

2016 

At‐sea  1,300  125 116 62 133 906  57,474

At‐berth  488  53 48 15 40 472  34,231

Total  1,788  178 164 77 172 1,378  91,705
 

2026 

At‐sea  1,462  83 77 82 173 225  74,860

At‐berth  416  25 23 17 45 110  39,377

Total  1,878  109 100 98 218 335  114,237
 

2036 

At‐sea  1,767  103 95 101 214 279  92,352

At‐berth  372  17 16 15 40 19  34,336

Total  2,138  120 111 116 254 297  126,688
 

2040 

At‐sea  1,878  111 102 109 229 299  99,044

At‐berth  309  15 14 12 33 16  28,546

Total  2,187  126 116 121 262 316  127,590

4.3.7 OGV uncertainties 

The main uncertainties in OGV emission estimations are listed below. 

 Main engine load factor: a 5% overestimate of the maximum speed results in 

14% drop in the load factor. 

 Auxiliary engine: 

- Auxiliary to main engine power ratios. 

- Auxiliary load factors for each mode. 
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- The greatest contribution to uncertainties for OGV emissions are from 

auxiliary power and load factor at berth.  

- Estimated NOx, PM10 and SO2 emissions from auxiliary engines 

represent 45%, 38% and 40% respectively of the total emissions. 

 Auxiliary boilers: 

- Uncertainty for auxiliary boiler power usage is higher than for auxiliary 

engines.  

- Although the estimated boiler power usage is less than 10% of the total 

usage, it represents approximately 30% of the power usage at berth.  

- For the estimated at-berth emissions, auxiliary boilers only represent 

4% of the NOx emissions but 35% of the SO2 emissions. 

 Emission factors: Goldsworthy and Galbally (2011) assert that a 95% 

confidence range for the estimated emissions from an individual vessel at any 

time could be in the order of ±50% given the uncertainties in emission factors, 

machinery power estimations and fuel properties.  

 Average sulphur content: the average sulphur content of HFO and MDO is 

estimated. No sulphur content survey data could be sourced for OGVs 

navigating the New Zealand waters. Fuel sulphur content can vary significantly 

from vessel to vessel: 2.0% to 3.5% for HFO and 0.1% to 1.5% for MDO 

(Goldsworthy and Renilson, 2013: Table 3). 

The use of on-board scrubbers on vessels in preference to shore power, which 

mitigate emissions during manoeuvring and Iow speed modes as well as at-berth 

could be a potential source of uncertainty, particularly in relation to the projected 

emissions. Ship surveys are an effective means of reducing uncertainties in emission 

estimates (Goldsworthy and Renilson, 2013). 

4.4 Harbour vessels 

Harbour vessels group: 

- Tug - Pilot boat - Law enforce 

- SAR - Port Tender - Work boat 

Ferry boats were processed as a separate group. Figure 10 shows harbour vessels 

traffic density (distance travelled). 
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Auckland region 

 
Waitematā Harbour – Hauraki Gulf 

Figure 10: Harbour vessels traffic density – distance travelled (km) in 2016 

4.4.1 Harbour vessels methodology 

Harbour vessel emissions were derived from AIS track segments in a similar way to 

OGVs. Load factors were however not derived from the travelling speed. Average 

load factors were calibrated such that the total calculated fuel consumption for POAL 

tugs and pilot boats adds up to the total fuel consumption derived from reports. In 

2016, the total diesel consumed by tugs was 570,000 litres (Mercer, 2017. See Table 

22). For pilot boats and survey boat the diesel consumption is estimated at 205,000 

litres, i.e., 775,000 litres (the total diesel consumption for marine port services for the 

2015-2016 financial year (POAL, 2017b: p32) minus 570,000 litres consumed by tugs 

for the 2016 calendar year. The derived load factor is 12% for tugs and 29% for pilot 

boats (Table 23). These factors incorporate adjustments for auxiliary engine fuel 

consumption. The derived load factors were applied to all segments irrespective of 

the travelling speed or whether a tug is pulling or pushing a vessel. 

Table 22: POAL tugs operated in 2016 (Mercer, 2017) 

Tug Name  2016 
Hours  

AIS 
Hours 
 

Diesel 
consumed 
(litres) 

Applied 
load 
factor 

Number 
of 

engines 

Engine 
power 
(kW) 

USEPA 
Tier 

USEPA 
Category 

Hauraki  1,850  1,848  233,297  12%  2  2,090  2  2 

Waipapa  1,467  1,537  147,551  12%  2  1,641  1  2 

Waka Kume  1,602  1,848  158,190  12%  2  1,641  1  2 

Daldy  233  88  31,250  12%  2  735  0  1 

Total  5,152  5,153  570,288           
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The AIS segments were filtered such that there is a very good match between POAL 

reported operating hours and AIS hours. This was achieved by assuming that 

harbour vessels can have their engines idling for up to one hour.  

Table 23: POAL pilot and survey boats operated in 2016 

Boat 
Name 

AIS 
Hours 

Diesel 
consumed 
(litres) 

Applied 
load 
factor 

Number 
of 

engines 

Engine 
power 
(kW) 

USEPA 
Tier 

USEPA 
Category 

Akarana  767 

205,000  29% 

2  425  2  1 

Wakatere  2,039  2  478  2  1 

Waitematā  45  2  375  0  1 

Acheron14  315  2  60     

The derived load factors were then also applied to non-POAL boats, i.e., 12% for 

tugs and 29% for other vessel types. 

Emission factors were taken from the USEPA Report (2009: Table 3-8) except for the 

four-stroke petrol outboard engines. Emission factors for outboard engines originate 

partially from the 2006 EMEP/EEA Emission Inventory Guidebook (EMEP/EEA, 

2006: Table 8-7), SO2 and particulate emission factors were derived from 50ppm 

sulphur content. For each vessel with in-board engines, the Tier classification is 

derived from its launch year (Table 24). 

Table 24: Harbour vessel main engine classification 

US EPA 
Classification 

Year launched  Number of 
vessels 

Fuel  Share of fuel 
consumption 

Tier 0  Before 2000  18  Diesel  13% 

Tier 1  1999 ‐ 2004  6  Diesel  28% 

Tier 2  After 2004  26  Diesel  47% 

4‐stroke  All years  14  Petrol  12% 

4.4.2 Harbour vessels projections 

Harbour vessels emissions for the years 2026, 2036 and 2040 were estimated on the 

following assumptions: 

 Tug and Pilot Boat activity will increase proportionally to POAL’s TEU throughput 

growth. 

 For other port vessels, a 67% activity increase by 2040 was assumed. This is the 

same as the activity increase as for harbour ferries. 

 Engine Tier technology improvements.  

                                            
14 Acheron is a small survey boat equipped with two outboard engines. 
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 Fuel characteristics will remain unchanged. 

4.4.3 Harbour vessels results 

Harbour vessel emissions are summarised in Tables 25 to 27. Figure 11 shows daily 
NOx emissions from harbour vessels in 2016. 

 
Table 25: Estimated harbour vessel emissions (tonnes) and fuel consumption 
(kilolitres) for 2016 by vessel type and operator 

Operator  Type  Hours  NOx  PM10  VOC  CO  SO2  CO2  Fuel (kl) 

POAL 

Tug  5,145  21.5 0.4 1.1 6.0 0.009 1,511  571

Pilot Vessel  2,851  5.3 0.1 0.2 3.8 0.003 531  201

Survey Vessel  315  0.1 0.0 0.1 3.4 0.000 12  5

Total  8,311  26.8 0.5 1.4 13.2 0.013 2,054  776

Other 

SAR  5,754  6.7 0.1 2.7 100.9 0.013 760  287

Tug  5,171  5.1 0.1 0.1 0.9 0.002 360  136

Police  3,123  5.0 0.1 1.1 40.5 0.007 582  220

Port Tender  1,492  2.1 0.1 0.1 1.6 0.001 215  81

Work Boat  83  0.4 0.0 0.0 0.1 0.000 25  9

Pilot Vessel  23  0.1 0.0 0.0 0.0 0.000 4  1

Total  15,645  19.3 0.4 4.0 143.9 0.024 1,945  734

ALL  Total  23,957  46.1 0.9 5.4 157.1 0.037 3,999  1,510

 

Table 26: POAL Harbour vessel emissions from 2006/2010 inventory (tonnes) 

Operator  Year  NOx  PM10  VOC  CO  SO2  CO2  Fuel (kl) 

POAL 
2010  24.7  0.5 1.0 3.2 0.01 1,743 548 

2006  23.7  0.8 1.0 3.0 0.05 1,670 525 

 

Table 27: Estimated harbour vessel emissions 2016 to 2040 (tonnes) 

Year  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

2016  46  0.9  0.9  5.4 157 0.04 3,999 

2026  61  1.3  1.2  7.1 210 0.03 5,428 

2036  75  1.6  1.6  8.8 261 0.04 6,881 

2040  82  1.8  1.7  9.4 279 0.05 7,439 
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Figure 11: Daily NOx emissions from harbour vessels (kg/day) 
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4.4.4 Harbour vessels uncertainties 

The main uncertainties are in regards of the identification of the correct engine 

technology for each vessel, i.e., US-EPA Tier classification. The differences in 

emission factors between a Tier 1 and a Tier 2 engines can be substantial, e.g., for a 

600kW engine CO emission factors are 1.5 g(kWh)-1 and 5 g(kWh)-1 respectively 

(USEPA, 2009: Table 3-8). Another significant uncertainty is the applicability of the 

load factors derived for POAL vessels to non-POAL vessels. Except for CO, harbour 

vessels are responsible for only a small portion of the total vessel emissions. 

4.5 Ferries 

The ferries group covers a fleet of forty distinct vessels. Nearly all provide regular 

passenger and vehicular services in the Waitematā Harbour and Hauraki Gulf 

(Figure 12). A small portion provide only charter services or were visiting from other 

areas. There are no ferries operating in the Manukau Harbour.  

 
Auckland region 

 
Waitematā Harbour – Hauraki Gulf 

Figure 12: Ferries traffic density – distance travelled (km) in 2016 

4.5.1 Ferries methodology 

For each ferry, the engine Tier classification was derived from its launch year 

(Table 28). In cases where there is documented evidence that the main engine has 

been replaced, the Tier class was then based on the year of replacement.  
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Table 28: Ferries main engine classification 

US EPA 
Technology 

Year launched  Number of 
vessels 

Fuel  Share of fuel 
consumption 

Tier 0  Before 2000  23  Diesel  59% 

Tier 1  1999 ‐ 2004  3  Diesel  11% 

Tier 2  After 2004  15  Diesel  30% 

The propeller law is not directly applicable to higher speed vessels like ferry boats. 

For lack of a better methodology, a hybrid equation was used to allocate the main 

engine load factors to each AIS segment. The method was calibrated to obtain an 

overall average load factor of 42%, the default value for ferries as published in the 

USEPA report (2009: Table 3-4). 

This method is based on the propeller law (Equation 2) plus a constant value of 18%. 

Where the calculated load factor is above 100% it is reduced to 100%. 

 
% Equation 7 

Where: 

- LF   = Load factor,  

- AS  = Actual speed (knots), 

- MS  = Maximum speed (knots), and 

- 18%  = additive constant. 

Applying a standard load factor of 42% to all the segments would skew the spatial 

distributions of pollutants towards the Ferry Terminal and the Auckland CBD. The 

hybrid method results in a more realistic distribution of the pollutants, but does not 

change the total emissions that would be obtained with a 42% standard load factor. 

Anecdotally, the resulting average consumption of 0.11 litres per installed kW fits well 

with a reported average consumption figure of 0.11 litres per installed kW for a 

refurbished Sydney Ferry15 (Shipmate, 2015).  

Auxiliary engine assumptions are as follows: 

 Auxiliary Engine to Main Engine power ratio is 6.0%. This figure is derived from a 

US vessel survey (USEPA, 2009, Table 3-10).  

 Load factor 42%. 

 

 

                                            
15 The Supercat ferries have an average fuel consumption of 70 litres per engine (647 kW) per hour 

over the course of a full day of operation. 
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4.5.2 Ferries projections 

Ferry emissions for the years 2026, 2036 and 2040 were estimated on the following 

assumptions: 

 ferry demand will roughly double between 2014 and 2046 (AT, 2014, Figure 4). 

 engine tier technology improvements.  

 fuel characteristics will remain unchanged. 

4.5.3 Ferries results 

Ferry emissions are shown in Tables 29 and 30. Daily emissions follow regular 

weekly emission patterns, and are higher during the summer months (Figure 13). 

Table 29: Estimated ferry emissions from 2016 to 2040 (tonnes) 

Year  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

2016  461  9  8 15 116 0.2 32,668  

2026  536  11  11 19 173 0.2 41,815  

2036  549  13  13 24 369 0.3 50,962  

2040  588  14  14 25 395 0.3 54,555  

 
Table 30: Ferry emissions from 2006/2010 inventory (tonnes) 

Year  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

2006  213  7  7 8 30 0.5 14,968  

2010  248  5  4 9 35 0.1 17,427 

The 2006 and 2010 emission figures originate from the 2006/2010 emission 

inventory (Peeters, 2010: Table 16). These figures are based on ferry time tables 

only; they do not include engine idling, unscheduled travel, charter trips or visiting 

ferries from other areas. Thus, they should not be compared directly with the 2016 

emissions, which were derived from detailed AIS tracks. 

4.5.4 Ferries uncertainties 

The main uncertainties stem from the identification of the correct engine technology 

for each vessel, i.e., USEPA Tier classification and the average load factor. The 

uncertainty around the average load factor to be applied could be largely eliminated if 

actual consumption figures could be obtained from the different ferry operators. 
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Figure 13: Daily NOx emissions from ferries (kg/day) 
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5.0 Fishing boats 

Very few fishing vessels operating in the Auckland waters transmit AIS signals. This 
is probably due to two reasons: most of the fishing fleet is made up of small boats 
less than seven metres long and commercial fishers prefer not to divulge their fishing 
grounds. 

The Ministry of Primary Industries (MPI), Fisheries Directorate has detailed 
information on the New Zealand fishing fleet (e.g. engine power and boat length) and 
the fishing effort (MoF, 2010). Each fishing event is allocated to a fishing statistical 
area (Figure 14). Unfortunately, boundaries of these statistical areas do not 
correspond to the Auckland Council boundaries. There is no information available on 
the travel routes between port and fishing area. For each trip, however, one or more 
landing points are specified. 
 
MPI’s Fisheries Directorate supplied the following data in the form of three Excel 
spreadsheets for the 2016 calendar year: 

 Fishing vessels: 475 records 
 Fishing events: 32,406 records 
 Trip landing locations: 15,916 records. 

Data were extracted for the statistical areas that intersect the Auckland region i.e. 

areas: 003, 004, 005, 006, 007, 008, 042, 043, 044, 045 and 905. Areas 905 is a rock 

lobster fishing area that overlaps area 003 to 008. 

For about half the fishing events, the location is specified in terms of latitude and 

longitude. For the other half, only the statistical area is specified. 

 

Figure 14: Fishing statistical areas – rock lobster area 905 (red) 
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5.1 Fishing vessel data 

The fishing vessel data were extracted from the MPI database – field attributes and 

descriptions are as follows: 

 Vessel key: vessel unique identifier. 
 History start date: the date that the data were updated with the details in this 

record. 
 History end date: the date on which the data was updated with new data 

replacing the data in this record. 
 Overall length: overall length of the vessel in metres. 
 Gross tonnage: the gross tonnage (GT) of the vessel. 
 Engine kilowatts: power output of the main engine in kilowatts. 
 Service speed: speed the boat normally travels at when cruising in knots. 
 Max speed: the maximum speed of the vessel in knots. 
 Base port code: code of the port in New Zealand the vessel uses as a base. 
 Base port name: name of the port in New Zealand the vessel uses as a base. 

The majority of the fishing vessels operating in the Auckland waters are small boats 

(Figure 15). There are virtually no vessels with a gross tonnage (GT) larger than 500 

tonnes fishing within twelve nautical miles from the coast. Smaller boats tend to 

operate in sheltered waters close to shore: areas 007, 043 and 044. (Table 31).  

Table 31: Fishing data summary by area 

Stat 
Area 

Fish Events 
Count 

Average Boat 
Length (m) 

Average 
GT 

Average ME 
Power (kW) 

003  5,142  11.7  38  176 

004  662  22.3  184  552 

005  1,852  16.9  63  206 

006  1,912  15.1  41  155 

007  3,706  6.4  6  92 

008  3,086  18.3  92  296 

042  2,065  16.0  157  393 

043  2,101  5.1  1  73 

044  3,436  5.9  2  63 

045  1,158  21.4  192  505 

905  1,046  11.1  11  348 

Unfortunately, the vessel data does not include information on the engine type or the 

fuel type used. Although the two-stroke outboard engines still dominate the market in 

New Zealand there is high uncertainty regarding the distribution of two- and four-

stroke engines. VOC and PM emission factors for two-stroke engines are significantly 

higher than those for four-stroke engines.  
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For this study it was assumed that boats less than seven metres long use outboard 

engines while those seven metres and longer use inboard diesel engines. This 

population split is based on an analysis of the boat length distribution (Figure 15). It is 

also assumed that 63% of the outboard engines are high emitting two-stroke while 

the remainder are four-stroke. The 63/37 split is based on the 2005 outboard sales in 

Australia (Environment Link, 2007: p20). These assumptions are based on a new 

analysis of the fishing fleet, they are different from those used for the 2006 and 2010 

inventories (Peeters, 2010: p31).  

 

Figure 15: Distribution of fishing boats (by length) active in Auckland in 2016 

5.2 Fishing event data 

The Fisheries Directorate database does not include much information about fishing 

movements. However, it does include details about fishing events, such as start 

location and start time. The fishing effort table includes the following information for 

each fishing event: 

 Trip: trip identification number, each trip includes one or more fishing events. 
 Event key: the event’s unique identifier. 
 Start time: event start time. 
 Start date: event start date. 
 Start latitude and longitude: where available, the latitude and longitude of the 

location where the event started (decimal degrees). 
 Start stats area: statistical area in which the event started. 

Latitude and longitude are available for 84% of fishing events from boats seven 

metres or longer and only for 1% for those from boats less than seven metres long. 

Where available, the latitude/longitude position was used to identify if an event starts 

within the Auckland Council sea boundaries. Where the position is not available, the 
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start statistical area is specified and a weight is allocated to the event. This weight 

represents the ratio of events within the statiscal area that are also within the 

Auckland boundaries For boats longer than 7m, positioned events have been used to 

determine the ratio of events within the boundaries of each statistical area. For boats 

less than 7m long the ratio is roughly proportional to the area’s coastal length falling 

within the Auckland boundaries (Table 32). Some adjustments were made to the 

ratios for areas 043 (Manukau), 044 (Kaipara) and 905 (rock lobster). 

Table 32: Fishing statistic areas, 2016 events, ratios inside Auckland boundaries 

Stat Area  Ratio <7m  Ratio ≥7m 

003  0.0% 16.2%

004  100.0% 3.7%

005  100.0% 93.1%

006  40.0% 75.4%

007  72.6% 72.1%

008  30.0% 10.4%

042  30.0% 7.8%

043  100.0% 100.0%

044  50.0% 50.0%

045  50.0% 23.4%

905  90.0% 90.0%

For this inventory, emissions associated with positioned events outside the Auckland 

Council boundaries were excluded. For events with unknown latitude/longitude 

position the emissions are weighted based on the ratio for statistical area shown in 

the table above. Due to MPI confidentiality requirements, emissions results cannot be 

published at a spatial resolution higher than the level of the statistical area and for a 

period shorter than a month. 

5.3 Landing locations 

The Fisheries Directorate collects data on the catch landed. This includes the fishing 

trip identifier, the landing date and the landing location. Due to technical difficulties 

and time constraint it was not possible to integrate the landing data into the 

estimation methodology. 

Trip landing locations table attributes and descriptions are as follows: 
 trip: trip identification number 
 vessel key: vessel unique identifier 
 landing name: name of landing point 

 landing date: date of landing.  
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5.4 Roxburgh Plume report 

In 2009 the Ministry of Fisheries contracted the research provider Roxburgh Plume 

Ltd to calculate the fuel consumption of the New Zealand fishing fleet in 2005 

(Roxburgh Plume, 2009). In the report a correlation is drawn between the actual fuel 

consumption and kilowatt-hours calculated from fishing activity data. A linear 

regression analysis (Roxburgh Plume, 2009: Figure 1) resulted in a regression line 

for all fuel types with the equation: 

 . 	  Equation 8 

Where: 
- F   = fuel consumed in litres 

- E   = installed kilowatt-hours (kWh) 

- 0.1334  = average fuel consumption (litres per installed kWh) 

 

Although the regression line works well for the New Zealand fleet as whole, it is not 

clear how good the fit is for small boats that have annual fuel consumption less than 

500,000 litres. The report only provides limited information on the fuel type 

breakdown. 

5.5 Fishing boat methodology 

Fishing boat emissions are calculated based on the estimated duration of each 

fishing trip. The duration is then allocated proportionally to each fishing event. A 

fishing event duration is the trip duration divided by the number of events. Emissions 

are then calculated for each emission event by first calculating the fuel consumption 

using the following equation: 

	 	 . 	  Equation 9 

Where: 
- Fe  = fuel consumption for events in litres 

- T   = trip duration in hours 

- N   = the number of fishing events 

- P   = fishing boat main engine installed power (kW) 

- 0.1334 = Roxburgh Plume coefficient (litres per kWh) 

- Ra  = ‘the statistics area ratio’ if the event is not positioned (i.e., 

latitude and longitude are not known 0 < Ra <1). If the event is positioned, 
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then Ra = 1 if it is positioned within Auckland Council boundaries else 

Ra = 0. 

Emissions were calculated in terms of the volume of fuel consumed (g/l of fuel). 

Separate emission factors were used for diesel engines and outboard engines. For 

diesel engine the emission factors originate from the USEPA Report (2009) 

assuming engines are Tier 1. For outboard engines the emission factors originate 

from the EU Emission Inventory Guidebook 2016 (EMEP/EEA, 2016: Table 3.5). 

Emission factors are a weighted combination of two-stroke (63%) and four-stroke 

(37%) ‘conventional’ emission factors. 

Fishing trip hours were calculated from fishing event times, i.e., days between the 

first event date and the last event date plus half a day to account for travel time and 

the duration of the last event. The fishing duration was then converted into hours. 

This is admittedly a rough approximation. 

Emissions for each event were spatially allocated to the event’s statistical area. The 

extent of the statistical areas was adjusted by removing the land area and fishing 

exclusion zones, such as marine reserves and submarine cables and pipeline 

protection areas (Figure 16).  

 

Figure 16: Adjusted fishing statistics areas 

5.6 Fishing boat projections 

Fishing vessel emissions for the years 2026, 2036 and 2040 were estimated on the 

following assumptions: 

 Petrol sulphur content will drop to 10ppm in 2018. 
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 Petrol engine distribution will change: 

- 2026: 75% four-stroke, 25% two-stroke  

- 2036 and 2040: 100% four-stroke 

 Diesel engine technology will improve, US-EPA Tier 3 technology from 2026 

onwards. 

 There will be no changes in the level of fishing activity relative to 2016.  

 2040 fishing emissions will be the same as for 2036. 

5.7 Fishing boat results 

2006 and 2010 fishing boat emissions were recalculated using 2016 assumptions 

and emission factors, except for 2006 where SO2 emissions were recalculated based 

on a sulphur content of 150 ppm. 

The majority of the VOC and CO emissions were released in the Hauraki Gulf (area 

007), the Manukau Harbour (area 043) and the Kaipara Harbour (area 042) where 

fishing is done overwhelmingly from small boats powered by outboard engines. 

Fishing emissions are spread relatively evenly (Figure 17 and Table 33), compared 

to the emissions from ships and ferries that are mainly concentrated in the port areas 

and along the main travel routes. Emissions for statistical area 905 were 

proportionally re-allocated to statistical areas 002 to 008 (Figure 17). 

 

Figure 17: Fishing statistics area– NOx, CO and VOC emissions for 2016 
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Table 33: Estimated emissions (tonnes) and fuel consumption (kilolitres) by statistics 
area for 2016 

Stat Area  Hours  NOx  PM10  PM2.5 VOC  CO  SO2  CO2  Fuel 

003  4,075  4.7  0.1  0.1 0.1 0.7 0.00 328  124 

004  484  0.3  0.0  0.0 0.2 0.8 0.00 27  10 

005  13,904  15.6  0.3  0.3 0.5 2.5 0.01 1,098  415 

006  10,606  8.1  0.2  0.1 0.3 1.7 0.00 570  216 

007  28,473  5.9  1.5  1.5 28.9 113.8 0.02 846  344 

008  2,971  3.2  0.1  0.1 0.2 1.0 0.00 228  86 

042  3,099  2.0  0.1  0.1 1.7 6.6 0.00 166  64 

043  20,568  1.8  1.2  1.2 22.5 88.6 0.01 466  195 

044  18,161  1.6  0.8  0.8 16.1 63.4 0.01 356  148 

045  2,765  4.2  0.1  0.1 0.4 1.4 0.00 302  114 

905  13,297  24.6  0.5  0.4 0.7 3.8 0.01 1,732  655 

Total  118,402  72.1  4.8  4.7 71.7 284.3 0.07 6,118  2,372 

The progressive replacement of two-stroke petrol engines with four-stroke engines 

should significantly reduce future VOC, CO and particulate emissions (Table 34). 

Table 34: Estimated emissions (tonnes) and fuel consumption (kilolitres) by fuel type 
for the years 2006 to 2036 

Year  Fuel Type  Hours  NOx  PM10  PM2.5  VOC  CO  SO2  CO2  Fuel 

2006 
 

MGO  102,122  88.1 2.9 2.4 2.6 14 0.19  6,204  2,345

Petrol  105,996  5.1 3.4 2.9 66.7 262 0.12  1,359  570

Total  208,118  93.2 6.3 5.4 69.4 276 0.32  7,563  2,916

2010 

MGO  74,436  75.1 1.4 1.3 2.2 12 0.03  5,290  2,000

Petrol  88,313  5.9 3.9 3.9 77.3 304 0.05  1,573  660

Total  162,749  81.0 5.3 5.3 79.5 315 0.08  6,863  2,660

2016 
 

MGO  54,293  66.7 1.2 1.2 2.0 10 0.03  4,699  1,776

Petrol  64,110  5.3 3.6 3.6 69.7 274 0.04  1,419  596

Total  118,402  72.1 4.8 4.7 71.7 284 0.07  6,118  2,372

2026 
 

MGO  54,293  47.8 1.2 1.2 2.0 34 0.03  4,699  1,776

Petrol  64,110  8.9 1.5 1.5 35.7 169 0.01  1,419  596

Total  118,402  56.7 2.7 2.6 37.7 203 0.04  6,118  2,372

2036 
 

MGO  54,293  47.8 1.2 1.2 2.0 34 0.03  4,699  1,776

Petrol  64,110  11.3 0.1 0.1 13.1 154 0.01  1,419  596

Total  118,402  59.1 1.3 1.3 15.1 188 0.04  6,118  2,372
 

Two errors were detected in the 2006 and 2010 inventory: 
- Position events falling outside the Auckland region were incorrectly allocated a 

weight corresponding to the statistical area. The weight should have been zero. 
Emissions from fishing activities within Auckland Council were thus overestimated. 

- The sulphur emission factor for two-stroke and four-stroke outboard petrol engine 
was too large by a factor of 100.
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5.8 Fishing boat uncertainties 

Fishing boat emissions are based on some broad assumptions. The emissions 

results (Table 33) and The progressive replacement of two-stroke petrol engines with 

four-stroke engines should significantly reduce future VOC, CO and particulate 

emissions (Table 34). 

Table 34are thought to be less reliable than emissions estimated for the other vessel 

types. 

The main uncertainties are. 

 Proportions of two-stroke compared to four-stroke outboard engines. 

 Variance of published emission factors for outboard engines. 

 Travelling times to and from fishing areas. 

 Applicability of the Roxburgh average fuel consumption to boats less than 

seven metres long. 

 Apportionment of emissions for fishing events where their location is not 

defined in terms of latitude/longitude. 

A survey of fishing boat operators would be required to gain a better understanding 

of the type of engine used and travel patterns. 
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Figure 18: 2- and 4-stroke petrol engine, daily NOx, VOC and CO emissions (boats < 7 m long) 

 

 

Figure 19: Diesel engine, daily NOx, VOC and CO emissions (boats ≥ 7 m long) 
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6.0 Emissions from cargo handling equipment  

For assessment emissions from cargo handling equipment (CHE) include emissions 

from equipment, such as straddle carriers, forklifts, reach stackers and other 

equipment used within the Waitematā Port precinct. POAL uses electric cranes to 

load and unload containers from the ships. There are thus no port emissions 

associated with crane operations. 

Although emissions from CHE are included in the off-road section of the Auckland Air 

Emissions Inventory 2016 – Transport, they are analysed here to gauge their 

magnitude relative to emissions from vessels.  

POAL handles the bulk of the containers while contracted stevedoring companies 

handle most of the bulk cargo and approximately 10 per cent of the containers 

(Peeters, 2010). The contracted stevedores use their own CHE. 

6.1 Ports of Auckland cargo handling equipment 

POAL CHE breakdown was obtained from the Port’s information handbook (POAL, 

2017a: p12). Straddle carrier characteristics and operational hours were obtained 

from the 2010 study (Miller, 2010; Peeters, 2010). For other equipment types engine 

power, operational hours and load factors were derived from figures published in the 

USEPA 2009 report (USEPA, 2009: Tables 4-4 and 4-5).  

The impact of assumptions made in regards of equipment is limited. Emissions and 

diesel consumption have been proportionally adjusted such that the diesel 

consumption corresponds to the total consumed as derived from POAL reports.  

6.2 Ports of Auckland diesel consumption for container handling 

The 2016 calendar year diesel consumption has been derived from the 2015/2016 

financial year consumption (Table 35). The financial year consumption has been 

adjusted proportionally to the change in the number TEU processed (POAL, 2016a: 

p14; POAL, 2016b: p3 and POAL, 2017c: p3). 

Table 35: POAL diesel consumption for container handling 

Year  TEU  TEU Factor  Diesel (litres) 

2016 Financial Year  907,099  1.000  2,763,529 

2016 Calendar Year  926,151  1.021  2,821,000 
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6.3 Cargo handling equipment results 

Emission factors used are those listed in the USEPA (2009) report. SO2 and PM10 

emission factors have been adjusted to account for a diesel sulphur content of 10 

ppm. Deterioration Factor (DF) and Transient Adjustment Factor (TAF) adjustments 

were also applied (USEPA, 2010). Emission factors were scaled such that the total 

fuel consumption corresponds to the POAL reported fuel consumption 

Table 36: POAL CHE emissions (tonnes) generated from container handling 

Year  NOx  PM10  VOC  CO  SO2  CO2  Diesel (litres) 

2016  29.41  1.85  2.38 11.4 0.05 7,480 2,821,000 

2010  44.0  1.77  2.97 16.04 0.05 8,797 3,319,000 

2006  94.9  4.34  4.07 33.42 0.29 9,330 3,520,000 

To account for the CHE emissions generated by contracting stevedoring companies, 

a scaling factor was applied to the POAL emissions. The scaling factor was 

calculated based on the total tonnages handled. The scaling factor is the ratio of the 

POAL handled container tonnage over the total port tonnage handled. Table 37 lists 

the ratio of total port tonnes over POAL container tonnes. Total port CHE emissions 

are summarised in Table 38. 

The following assumptions were made: 
 POAL handles 90% of the containers. 
 Contracted stevedores handle all the bulk and breakbulk cargo. 
 No CHE is required for the loading and unloading of (cargo) vehicles.  
 Average (cargo) vehicle is 1.8 tonne.  
 Average TEU weight is 10 tonnes. 

The breakbulk and bulk tonnages reported by POAL include cars. The total CHE 

tonnage is thus the sum of the container tonnage plus the bulk tonnage minus the 

vehicle tonnage. 

 
	
. 	

 Equation 10 

Where: 

- T  = Container cargo tonnes = number of TEU * 10 tonne 

- B   = Total bulk cargo tonnes 

- V   = Vehicle cargo = number of vehicles * 1.8 tonne 

- 0.90 = Ratio of containers handled by POAL 
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Table 37: Ratio calculations – Total port tonnes over POAL container tonnes 

Year  TEU  T (Mt)  Vehicles  V (Mt)  B (Mt)  T + B ‐ V (Mt)  Ratio 

2016   926,151   9.26   269,939   0.49  6.1  14.88  1.780 

2010   867,368   8.67   129,811  0.23 2.8 11.24  1.440 

2006   686,077   6.86   185,159  0.33 4.6 11.13  1.800 

Table 38: Total port CHE emissions (tonnes) 

Year  NOx  PM10
16  VOC  CO  SO2  CO2 

2016  52.5  2.77  4.24 20.26 0.08 13,353

2010  63.4  2.56  4.28 23.09 0.08 12,667

2006  171.0  7.82  7.34 60.22 0.52 16,812

 

Notwithstanding a growth in port activity since 2010, emissions from CHE have not 

changed significantly. This is probably due to improved equipment technology 

resulting in a reduced diesel consumption. For example, during the 2014/2015 

financial year POAL reduced straddle carriers’ diesel consumption by 4.5% by 

installing LED lighting and an improved engine management system (POAL, 2015: 

p17). 

CHE emissions are small compared to the total emissions from sea transport. 

However, within the port area; NOx, particle, VOC and CO emissions from CHE are 

not negligible when compared to OGVs at-berth emissions (Table 39). 

Table 39: CHE and OGVs at-berth emissions comparison (tonnes) 

Source  NOx  PM10  VOCs  CO  SO2 

CHE  53  3 4 20 0

OGVs at‐berth  488  53 15 40 472

6.4 Cargo handling equipment uncertainties 

Although there is a very high confidence in the amount of diesel used for the handling 

of containers by POAL, there is significantly less confidence in regards of diesel 

consumption for the handling of bulk cargo by contracted stevedoring companies. 

There are also some uncertainties about the identification of the correct engine 

technology for each piece of equipment and hence the resulting emission factors.  

                                            
16 USEPA non-road methodology (USEPA, 2010) for the calculation of CHE PM10 emissions was incorrectly 

applied in the 2006 and 2010 inventory (Peeters, 2010: Tables 25 and 28). 2010 and 2006 CHE emissions shown 

in Table 38: Total port CHE emissions (tonnes) are corrected emissions. 
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7.0 Results overview 

7.1 Spatial distribution of emissions relative to the CBD 

Approximately one third of SO2, NOx and particulate emissions from OGVs, harbour 

vessels and ferries are released in a small area (14 km2) located within a three 

kilometre radius from the Auckland central business district (Table 40 and Table 41). 

Maps showing for each vessel group, the spatial distribution for each pollutant are 

shown in Appendix A. 

 
Table 40: Distribution of vessel emissions relative to distance from the CBD (tonnes) 

Range  Grid Cells  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

<3km  57  60,551,026  667 60 55 24 109  490  45,804

3‐10km  541  20,605,884  236 13 12 9 67  77  14,376

10‐25km  2,964  32,657,933  377 21 19 17 131  122  23,335

25‐50km  8,786  15,986,096  254 24 22 14 64  170  11,846

50‐130km  22,722  48,547,857  756 70 65 32 74  518  32,883

Total  35,070  178,348,796  2,290 187 173 97 446  1,376  128,244

 
Table 41: Distribution of vessel emissions relative to distance from the CBD (%) 

Range  Grid Cells  kWh  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

<3km  0.2%  34%  29% 32% 32% 25% 24%  36%  36%

3‐10km  1.5%  12%  10% 7% 7% 10% 15%  6%  11%

10‐25km  8.5%  18%  16% 11% 11% 18% 29%  9%  18%

25‐50km  25.1%  9%  11% 13% 13% 15% 14%  12%  9%

50‐130km  64.8%  27%  33% 38% 37% 33% 17%  38%  26%

 

7.2 Summary of combined past and projected emissions 

Table 42 shows estimated emissions results for the years 2006, 2010, 2016, 2026, 

2036 and 2040. It should be noted that 2006 and 2010 results for OGVs at-sea, 

harbour vessels and ferries (shown in grey italics) were not derived from AIS data. 

They do not include vessels that sailed through the Auckland waters but did not visit 

the port. They are therefore not directly comparable with corresponding emissions for 

subsequent years that were estimated from AIS data. However, 2006 and 2010 

results for OGVs at-berth and fishing boats can be compared to the other years 

because they are based on the same methodology. 
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Table 42: Annual combined emissions 2006 to 2040 

Year  Source  NOx  PM10  PM2.5  VOC  CO  SO2  CO2 

2006 
  
  
  
  
  

OGV at‐sea  919  77  71  34  75  564  34,885 

OGV at‐berth  378  46 42 11 29 421  28,204 

Harbour vessels  24  1  1  1  3  0  1,670 

Ferries  213  7  7  8  30  0  14,968 

Fishing boats  93  6 5 69 276 0  7,563 

Total  1,627  137  126  123  413  986  87,290 

2010 
  
  
  
  
  

OGV at‐sea  976  83  76  37  80  603  37,115 

OGV at‐berth  509  65 60 15 39 604  40,079 

Harbour vessels  25  0  0  1  3  0  1,743 

Ferries  248  5  4  9  35  0  17,427 

Fishing boats  81  5 5 80 315 0  6,863 

Total  1,839  158  146  141  472  1,207  103,227 
 

2016 
  
  
  
  
  

OGV at‐sea  1,300  125 116 62 133 906  57,474 

OGV at‐berth  488  53 48 15 40 472  34,231 

Harbour vessels  46  1 1 5 157 0  3,999 

Ferries  461  9 8 15 116 0  32,668 

Fishing boats  72  5 5 72 284 0  6,118 

Total  2,368  192 178 169 730 1,378  134,489 
 

2026 
  
  
  
  
  

OGV at‐sea  1,462  83 77 82 173 225  74,860 

OGV at‐berth  416  25 23 17 45 110  39,377 

Harbour vessels  61  1 1 7 210 0  5,428 

Ferries  536  11 11 19 173 0  41,815 

Fishing  57  3 3 38 203 0  6,118 

Total  2,532  124 115 162 804 335  167,598 
 

2036 
  
  
  
  
  

OGV at‐sea  1,767  103 95 101 214 279  92,352 

OGV at‐berth  372  17 16 15 40 19  34,336 

Harbour vessels  75  2 2 9 261 0  6,881 

Ferries  549  13 13 24 369 0  50,962 

Fishing boats  59  1 1 15 188 0  6,118 

Total  2,822  137 126 163 1,072 298  190,649 
 

2040 
  
  
  
  
  

OGV at‐sea  1,878  111 102 109 229 299  99,044 

OGV at‐berth  309  15 14 12 33 16  28,546 

Harbour vessels  82  2 2 9 279 0  7,439 

Ferries  588  14 14 25 395 0  54,555 

Fishing boats  59  1 1 15 188 0  6,118 

Total  2,916  143 133 171 1,126 316  195,703 
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8.0 Conclusions and recommendations 

Emissions are calculated from ocean going vessels (OGVs) at-sea, OGVs at-berth, 

harbour vessels, ferries and fishing boats. OGVs are the dominant source of 

emissions for estimated pollutants NOx, PM10, PM2.5, VOCs, CO, SO2 and CO2 in the 

region as well as in the area around the city centre. Approximately one-third of SO2, 

NOx and particulate emissions from OGVs, harbour vessels and ferries are released 

in a small area of 14km2 located within a three kilometre radius from the CBD. 

Projections indicate that emissions in 2040, relative to 2016 levels, are higher for 

NOx, CO and CO2, flat for VOCs, and lower for PM10, PM2.5 and SO2, due to a 

combination of factors: growing freight volume and number of visiting passengers, 

improved fuel quality and emissions standards, and the introduction of shore power 

facilities. 

A significant improvement, compared to previous inventories, is the use of Automatic 

Identification System (AIS) data to accurately model the activity from OGVs, harbour 

vessels and ferries over a whole year. 

For OGVs there are major uncertainties in regards to the operational characteristics 

of auxiliary engine and auxiliary boiler engines, especially their operation at berth. 

These uncertainties could be reduced by conducting OGV surveys to gather 

information on auxiliary engines, auxiliary boilers and fuel sulphur content.  

The collecting of OGV attribute data is a very time-consuming exercise. It is 

recommended that for future inventories OGV details such as installed main engine 

power and cruise speed should be obtained from sources such as the IHS Markit 

Sea-web™ database. 

The confidence for ferry emissions could be significantly improved if for each vessel, 

details such as engine power, engine technology and total yearly fuel consumptions 

could be obtained directly from the vessel operators.  

Small fishing boats are powered by two-stroke or four-stroke engines. They have 

different emission characteristics. It would be useful if a better population split could 

be available. 
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Appendix A Spatial distribution of pollutants – maps 

The maps below show the spatial distribution for the main pollutants within the 

Auckland Council boundaries (192km by 192km) and a close-up of the Waitematā 

Harbour – Hauraki Gulf area (40km by 40km). Emissions are represented as total 

grams per grid cell. Each grid cell is 500m by 500m. These maps do not include 

emissions from fishing boats. 
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a. Combined emissions for OGVs, harbour vessels and 
ferries 

Auckland region Waitematā Harbour- Hauraki Gulf close-up 
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b. OGVs emissions only 

Auckland region Waitematā Harbour- Hauraki Gulf close up 
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c. Harbour vessel emissions only 

Auckland region Waitematā Harbour- Hauraki Gulf close up 
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d. Ferry emissions only 

Auckland region Waitematā Harbour- Hauraki Gulf close up 
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