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Glossary of Acronyms and Terms 
 
AMSA 
AMSA Direction 
 

Australian Maritime Safety Authority 
Direction as outlined in the AMSA Marine Notice 21/2016,  
authorised under Subsection 246(1)(b) of the Navigation Act 2012 

CARB California Air Resources Board 

CO2 carbon dioxide 

Cruise Ships 
Regulation 

Protection of the Environment Operations (Clean Air) Amendment 
(Cruise Ships) Regulation 2015  

ECAs Emission Control Areas  

ECGS exhaust gas cleaning system, also known as a scrubber 

EPA Environment Protection Authority 

EU European Union 

IMO International Maritime Organisation 

kV kilovolt 

LGA local government area 

LOD limit of detection 

MARPOL International Convention of the Prevention of Pollution from Ships 

NEPM National Environment Protection Measure 

NO2 nitrogen dioxide  

NOx nitrogen oxides 

PM10 particulate matter less than 10 microns 

PM2.5 particulate matter less than 2.5 microns 

Port Authority Port Authority of New South Wales 

ppm parts per million 

RAN Royal Australian Navy 

SHFA Sydney Harbour Foreshore Authority 

SO2 sulphur dioxide 

SOx sulphur oxides 

GMR Greater Metropolitan Region - Sydney, Illawarra, lower 
Hunter 

VOC volatile organic compounds 

WBCT White Bay Cruise Terminal 
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Executive Summary 
 

White Bay is located in Balmain, in the local government area of Inner West Council. The White Bay 

Cruise Terminal (WBCT) has been in operation since 15 April 2013.  Since that time, some local 

residents have expressed concerns about air emissions, odour and noise impacts from cruise ships 

berthed at WBCT.  

 

In March 2015, as an election commitment, the NSW Government (Minister for the Environment) 

pledged to provide a benefit-cost analysis of installing shore power at each of the major NSW 

shipping ports used by the cruise industry, in conjunction with the investigation of the introduction of 

low sulphur fuel as a means to mitigate emission impacts at WBCT.  

 

The Department of Premier and Cabinet’s post-election Policy Implementation Plan required Port 

Authority of NSW (Port Authority) to prepare a report on the feasibility and cost of providing shore 

power to cruise terminals in Sydney Harbour.  

 

On 13 August 2015, further reinforcing this commitment, the NSW Government response to 

Recommendation 12 of the Legislative Council General Purpose Standing Committee No. 5 inquiry 

into the Performance of the NSW Environment Protection Authority (EPA), committed to the Port 

Authority to undertaking a feasibility study of shore power. 

 

In subsequent discussions with the EPA, Port Authority was requested to augment its technical 

feasibility study with some benefit-cost analysis. It was agreed to focus the study on the feasibility 

and costs of installation of shore power at WBCT, with investigation of the associated emissions 

benefits also to be undertaken. 

 

This report includes the results of the Port Authority’s investigations into the feasibility of the 

installation of shore power, the associated costs and potential environmental emissions benefits. It 

does not, however, address the associated health impacts or health costs in detail. 

 

Port Authority acknowledges that there are sensitive receivers in close proximity to WBCT, with 

residences located at distances and elevations relative to WBCT where air emissions, odour and 

noise issues have arisen from cruise ships that have resulted in community concerns.  It should be 

noted that the emissions modelling undertaken for the purpose of this report (total annual cruise ship 

emissions) has been at a scale that does not assess the direct emission benefits due to shore power 

at individual receivers.  The noise assessment however has considered the benefits of shore power 

at the nearest receivers.    

 

Port Authority has prioritised the investigations based on WBCT, however, these investigations could 

be extended to include other locations in NSW or to provide a detailed benefit-cost analysis of shore 

power and other emission control options.  

 

‘Shore power’ is an emissions control measure that provides a connection to the local land-

side power grid, rather than utilising the ship’s engines when at berth.  
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Key findings of Port Authority’s investigations are summarised as follows: 

 

 Uptake of shore power by cruise lines will be minimal unless incentivised or mandated by 

Government: 

  

o 25% of vessels currently calling at WBCT are capable of using shore power. The 

additional cost estimated within the modelling to retrofit the fleet currently calling at 

WBCT is in the order of $27 million; 

 

o Use of shore power is not aligned with industry plans for emission control measures, 

with both key customers of NSW cruise terminals (Carnival Corporation and Royal 

Caribbean Cruise Lines, representing over 90% of vessel visits to Sydney) having 

announced significant programs for the progressive installation of exhaust gas 

cleaning systems, also referred to as ‘on-board scrubbers’, to meet International 

Maritime Organisation shipping industry requirements for emission control by 2020. 

 

 There are 10 international ports with shore power for cruise ships, but none of these are in 

Australia: 

 

o Shore power has been implemented primarily as an emission control strategy in the 

Pacific Northwest of the United States where: 

 
(i) the potential for emission reductions and benefits to the community, as well 

as government regulation, were the main drivers;  

(ii) there was an excess of clean, renewable and lower cost power 

(hydroelectric) with necessary infrastructure already in close proximity to the 

port; and  

(iii) there was Federal Government funding which facilitated the implementation. 

 Shore power at WBCT is technically feasible, with an estimated landside infrastructure cost 

of $36 million1, based on a two-year installation period. 

 

 The introduction of Low Sulphur Fuel Requirements through the Protection of the 

Environment Operations (Clean Air) Amendment (Cruise Ships) Regulation 2015 (Cruise 

Ships Regulation) which was subsequently replaced by the Australian Maritime Safety 

(AMSA) Direction as outlined in the AMSA Marine Notice 21/2016, authorised under 

Subsection 246(1)(b) of the Navigation Act 2012 (AMSA Direction), have had a major positive 

effect on reducing cruise ship-related air emissions in Port Jackson – reducing the potential 

for subsequent benefits of shore power. 

  

                                                
1 The estimated lower to upper cost is $23-28 million, and with an assumed margin of error ranges from $21-36 
million. 
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o Port Authority modelling of air emissions at WBCT2 demonstrates an 87% reduction 

in sulphur oxides (SOx) and a 69% reduction in particulate matter less than 2.5 

microns (PM2.5) emissions, as a result of the AMSA Low Sulphur Fuel Requirements. 

Installation of shore power would provide negligible further incremental reduction in 

SOx and a further 10% in PM2.5; 

 

o Air quality data collected from the Port Authority’s air monitoring station located in 

Grafton Street, Balmain, indicates that whilst there has been a significant reduction in 

SOx since the introduction of Low Sulphur Fuel Requirements, PM2.5 concentrations 

are not discernibly different between ship and non-ship days at WBCT and appear to 

be dominated by sources other than cruise ships at WBCT.  All SOx and PM2.5 

measured emissions are below national ambient air quality standards set by the 

National Environment Protection (Ambient Air Quality) Measure. 

 

 Based on modelling including the land-side power grid emissions (as well as the emissions 

at the source at WBCT), shore power would increase the overall air emissions of SOx and 

carbon dioxide (CO2) within Sydney’s Greater Metropolitan Region (unless clean energy was 

sourced for the supply of electricity).  

 

 Port Authority modelling of air emission at WBCT demonstrates shore power will provide a 

reduction in the emission of nitrogen oxides (NOx) and volatile organic compounds (VOCs), 

which are not significantly reduced by Low Sulphur Fuel Requirements. However, as existing 

levels emitted from cruise ships are at relatively low levels when compared to relevant 

national ambient air standards, the introduction of shore power will not provide a significant 

emissions reduction benefit. 

 

 Shore power would provide a reduction in odorous emissions. However, the reduction in 

odour may not be discernible as there would still be odours related to diesel boilers (which 

are used on ships to generate heat when a ship is using shore power). 

 

 Shore power provides a reduction to noise emissions.  However, it is not the most cost-
effective solution for reducing audible noise, as the points below demonstrate: 

 

o Shore power would reduce audible noise in the order of 9–10 decibels, which provides 

similar benefit to other noise reduction measures, but is comparatively expensive. For 

example, the installation of a noise barrier would provide a similar reduction in audible 

noise at a significantly lower cost (estimated at $2.5–4 million); 

 

o Shore power capable vessels at WBCT represent 25% of vessel calls, reducing to 

8% of overnight stays (based on 2015–16 visits) and noise benefits will vary from ship 

to ship; 

 

                                                
2 It is noted that all modelling of the benefits of shore power was based on an assumed regulatory requirement that 
cruise companies calling more than 20 times would need to reduce emissions via shore power and all ships with shore 
power capabilities will plug in; similar to the shore power regulation scheme in California (namely, the modelling 
assumed for 2015–16 there were 116 calls out of 132 that were shore powered; and 10 ships with shore power 
infrastructure). The reality is that for the 2015–16 cruise season, currently 6 of 24 cruise ships are shore power-ready, 
and those ships make 29 of 132 calls or 22% of visits. 
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o Port Authority has completed investigations as outlined in the Noise Mitigation 

Strategy for WBCT and conducted community consultation as documented in a 

Response to Submissions Report prepared for the consideration of the NSW 

Department of Planning and Environment.  The investigation comprised evaluation of 

all identified noise mitigation options including operational and engineering changes 

to ships and treatment of receivers.  The Final Noise Mitigation Strategy is to be 

considered by the Department following their review of the Response to Submissions 

Report; 

 

o The key elements of the Noise Mitigation Strategy are a Noise Restriction Policy, 

Noise Attenuation Program, and Noise Logging.  Port Authority has allocated $5.3 

million to fund the implementation of the Strategy. 

 

 Air emission strategies can be assessed using a number of different methods.  This 

assessment employed a methodology used by the California Air Resources Board (CARB).  

Using the CARB benchmark, shore power at the WBCT was not found to be a cost effective 

solution: 

 

o Projects with values less than the benchmark (i.e. a ratio less than 1.0) are considered 

cost-effective, while those higher than the benchmark are not considered cost-

effective.  The investigation found that the use of shore power would range from 2 to 

over 7 times higher than the benchmark and would therefore not be considered cost-

effective; 

 

o Additionally, using the NSW EPA method for assessing the health impacts, the benefit 

of implementing shore power is approximately 11 to 24 times less than the cost of the 

project over the 10 year implementation period; 

 

o Shore power is only one possible emission control solution.  Other options include: 

 

 engine and boiler technologies 

 after treatment technologies 

 alternatively fuelled on-board energy generation 

 alternatively generated power systems 

 operational efficiency improvements. 

 

Recommendation 
 

Based on investigations and potential air emissions benefits, Port Authority of NSW does not 
recommend the installation of shore power at White Bay Cruise Terminal as a cost effective 
solution. 
 
It is further recommended that Port Authority of NSW continues working collaboratively with 
relevant stakeholders to implement the Noise Mitigation Strategy for White Bay Cruise 
Terminal in 2017. 
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1 Introduction 

1.1 Background 

‘Shore power’ is an emissions control measure that provides a connection to the local 

land-side power grid, rather than utilising the ship’s engines when at berth.  

White Bay is located in Balmain, in the local government area (LGA) of Inner West 

Council3. 

Port Authority has prepared this report to investigate the potential provision of shore power 

for cruise ships berthed at the White Bay Cruise Terminal (WBCT) as a possible means of 

reducing impacts of air emissions, odour and noise on the local community. 

It is important to note that the Port Authority’s investigations of shore power include a 

quantification of environmental emissions, but do not address emissions-related health 

impacts in detail (e.g. quantification or assessment of health impacts to nearby residents and 

detailed evaluation of associated health costs) as these linkages between environmental 

emissions and health impacts are complex and require highly specialised expertise to 

interpret.  However, an indication of health impact is provided for information, as an estimated 

health benefit (cost saving). 

Port Authority has prioritised the investigations based on WBCT.  However these 

investigations could be extended to include other locations in NSW or to provide a detailed 

benefit-cost analysis of shore power and other emission control options.  

It is important to note that shore power does not reduce ship emissions to zero. Emissions at 

berth are only reduced (not eliminated) for a portion of the total time the ship is at-berth (the 

time the ship is powered by the electricity grid). 

Firstly, the ship is not connected to the land-side power grid instantaneously when it arrives, 

nor disconnected instantaneously when it departs.  A complex sequence of events needs to 

take place before the ship can shut down or restart its engines, which typically takes 

approximately an hour upon arrival and an up to hour prior to departure.  While the ship is 

connected, shore power shifts locally generated emissions from the ship’s engines (typically 

auxiliary engines) to regionally generated emissions associated with the power grid servicing 

the terminal.  

In addition to the auxiliary engines operating prior to connecting and disconnecting to the grid, 

shore power does not eliminate all at-berth (locally) generated emissions.  When a cruise 

ship is connected to and operating on shore power, the waste heat from the diesel-electric 

generators drops (because the engines are off) and the auxiliary boilers must be turned on to 

service hot water and steam needs for the ship. 

  

                                                
3 Inner West Council was proclaimed on 12 May 2016. It is made up of the former local government areas (LGAs) of 
Ashfield, Leichhardt and Marrickville.  References to the Leichhardt LGA throughout this report refer to the former 
Leichhardt LGA, which is now part of the Inner West LGA. 



Shore Power Feasibility, Costing and Emission Benefits Study White Bay Cruise Terminal 

 

 2  

  
 

 

1.2 Global Regulation of Shipping Emissions and Industry Response 

 

KEY FINDING 

 

 Uptake of shore power by cruise lines will be minimal unless incentivised or mandated 

by Government. 

 

o 25% of vessels currently calling at WBCT are capable of using shore power. The additional 

cost estimated within the modelling to retrofit the fleet currently calling at WBCT is in the 

order of $27 million; 

 

o Use of shore power is not aligned with industry plans for emission control measures, with 

both key customers of NSW cruise terminals (Carnival Corporation and Royal Caribbean 

Cruise Lines, representing over 90% of vessel visits to Sydney) having announced significant 

programs for the progressive installation of exhaust gas cleaning systems, also referred to 

as ‘on-board scrubbers’, to meet International Maritime Organisation (IMO) shipping industry 

requirements for emission control by 2020.  

 

 

In recent years there has been a global initiative to reduce air emissions from shipping. 

 

The global context of regulatory regimes regarding shipping emissions is complex, but most 

are based on the International Convention of the Prevention of Pollution from Ships 

(MARPOL). The applicable Annex VI of MARPOL regulates emissions to air from marine 

engines and separates the consideration of emissions within and outside the so-called 

Emission Control Areas (ECAs). 

 

The ECAs in the Baltic Sea and North Sea limit the sulphur content of maritime fuel to 0.1% 

from 1 January 2015, with the non-ECA regions limited to 0.5% sulphur content by 2020. 

 

The ECAs in North America and the Caribbean, as well as placing limitations on the sulphur 

content of fuels, also focus on nitrogen oxides (NOx). The NOx regulation operates on a three 

tier system, of which Tier I and Tier II regimes apply globally (including in Australia). Tier III 

was enforced from 1 January 2016 within the applicable ECAs and is applied to ships built 

after this date. It aims to reduce NOx emissions between Tier II and Tier III by approximately 

70%.  

 

Port Authority obtained key information from the cruise lines, particularly with regard to their 

plans for scrubber installations on their fleet and their position on shore power.  Port Authority 

was informed cruise companies are not retrofitting more ships to enable connection to shore 

power, and there are no significant plans to build new ships that are capable of using shore 

power.  In order to meet the requirements of MARPOL and the existing ECAs globally, the 

cruise industry has taken a number of approaches – not only the procurement of low sulphur 

fuel.  Carnival Corporation’s latest Sustainability Report (2015)4 noted that there was a 

                                                
4 http://www.carnivalcorp.com/phoenix.zhtml?c=140690&p=irol-sustainability_env, accessed March 2017 

http://www.carnivalcorp.com/phoenix.zhtml?c=140690&p=irol-sustainability_env
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commitment within the organisation to increase shore power (or ‘cold ironing’) capabilities of 

their fleet.  However, due to the requirement for all non-ECA regions to meet the 0.5% sulphur 

content by 2020 across all ship operational modes (including ocean transit, manoeuvring, at-

berth, etc.), Carnival Corporation has primarily invested in the installation of exhaust gas 

cleaning systems (EGCS or ‘scrubbers’, which can be used at sea and at-berth), costing in 

the order of US$800 million. Similarly, Royal Caribbean Cruise Lines are investing heavily in 

scrubber technology to meet IMO requirements. 

 

Of the ships calling in at WBCT during the 2015–16 season, 6 of 24 cruise ships, or 25%, are 

shore power-ready. 

 

Costs estimates were obtained for shipboard modifications to retrofit shore power connection 

facilities and this was estimated to be between A$700,000 and A$2.7 million per vessel. 

These estimates are dependent on a number of factors including: 

 supply voltage and frequency provided at the berth; 

 number of vessels in the fleet requiring shore connection capability; 

 compatibility of existing ship hardware and shore power connection supplier;  

 vessel configuration; 

 geographical location; 

 location on-board of the switchboard and proposed shore power point of ingress or 

connection point to ship; 

 control and automation system integration; 

 requirement for structural works; 

 safety system modifications; 

 Classification Society and/or Flag State requirements; 

 requirements for out-of-service time.  

Additionally, some vessels may not have the capacity to provide for the shore power 

reception facilities. The physical space on board the ship required to house the connection 

equipment may render retrofitting unfeasible as it will hamper vessel operations or capability 

to such an extent that owners/operators will not be able to install the required equipment.  

 

It should be noted that there is no global initiative to reduce noise emissions from ships. 
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1.3 Shore Power Global Context 

 

KEY FINDING 

 

 There are 10 international ports with shore power for cruise ships, but none of these 

are in Australia. 

 

o Shore power has been implemented primarily as an emission control strategy in the Pacific 

Northwest of the United States where the potential for emission reductions and benefits to 

the community, as well as government regulation, were the main drivers; where there was 

an excess of clean, renewable and lower cost power (hydroelectric) with necessary 

infrastructure already in close proximity to the port; and there was Federal Government 

funding which facilitated the implementation. 

 

Shore power is an emission control strategy that shifts a ship’s on-board electrical generation 

to the local land-side power grid servicing the terminal. Instead of the ship generating its own 

electricity, the grid supplies the ship through a sophisticated system of cables, circuit breakers, 

transformers and control circuits. 

The following is a summary of the international context of shore power for the cruise industry 

based on research, discussion and correspondence with each of the 10 shore power enabled 

ports in the world. In this summary, shore power for cruise ships is considered high-voltage 

– typically running at 6.6 kilovolts (kV) or 11 kilovolts. The key points are: 

 Ten international ports currently make shore power available at cruise terminals. 

 Shore power related to cruise ships started in Juneau Alaska in 2001. It has broadened 

to Seattle (2005), Vancouver (2009), San Francisco (2010), San Diego (2010), Los 

Angeles (2011), Long Beach (2012), Halifax (2014), Hamburg (2015) and Brooklyn New 

York (2016). 

 Shanghai, Montreal and Quebec have indicated that they intend to install shore power 

for cruise ships, however, this has not yet commenced.  

 The Port of Auckland has recently commissioned a feasibility study to look at the potential 

implementation of shore power and alternative strategies to reduce emissions from 

visiting cruise ships. The study is anticipated to be released during the second quarter of 

2017. 

 For the North American, Pacific Northwest ports of Juneau, Vancouver, Seattle and San 

Francisco, a key consideration was that there was an excess of clean, renewable and 

cheap power (hydroelectric) with necessary infrastructure already located close to the 

berths, which considerably reduced the overall costs of providing shore power. 

 Hong Kong (May 2015) announced that it will not pursue shore power due to it being a 

costly system that few cruise ships would use5. 

                                                
5 http://www.scmp.com/news/hong-kong/health-environment/article/1810888/hong-kong-pulls-plug-shore-power-
supply-cruise, accessed October 2015 

http://www.scmp.com/news/hong-kong/health-environment/article/1810888/hong-kong-pulls-plug-shore-power-supply-cruise
http://www.scmp.com/news/hong-kong/health-environment/article/1810888/hong-kong-pulls-plug-shore-power-supply-cruise
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 Copenhagen has released a study evaluating the financial feasibility of shore power at 

Copenhagen MalmÖ Port6.  The study shows that it is only possible to establish a shore 

power facility for cruise ships in Copenhagen with substantial public funding. 

 The California Air Resources Board (CARB) is the only regulatory agency in the world 

that has a broad shore power-based regulation, although the CARB regulation effectively 

limits the use of shore power (up to a maximum 80% of calls) due to the complexities of 

the strategy and the maritime industry.   

 All shore power installations, except for Long Beach which is a Carnival-owned facility, 

have generally involved a consortium of parties contributing to the cost, including several 

levels of government, the cruise industry and the port.  It should be noted that the cruise 

terminal in Long Beach is actually leased from the City of Long Beach to Carnival, and is 

not part of the Port of Long Beach. 

 Victoria is Canada’s busiest cruise port of call.  The Greater Victoria Harbour Authority 

had considered shore power in 2014, but decided not to pursue it and has identified 

scrubber technology as the preferred option for the mitigation of air quality impacts from 

cruise ships.  Cruise ships are also required to use 0.1% sulphur fuel (or equivalent 

technologies) in Victoria Harbour as it is within the North American ECA, designated 

through the IMO.  Together, these initiatives are seen as ensuring the continuity of good 

air quality while ships are within the vicinity of Victoria Harbour, not just at berth.  In June 

2016, the port reopened7 its review of shore power related to home-ported cruise ships, 

however no decision has been published. 

 Charleston, South Carolina has had significant community concerns regarding cruise ship 

impacts, including on air quality.  This port has not been able to justify installing shore 

power and they note that their air quality monitoring is “not showing any concerns” 

(P. Moore, 2015, pers. comm., 2 June).  

 The European Union (EU) does not have an established shore power program and only 

recently had its first high voltage cruise ship berth commissioned. The Hamburg Port 

Authority (HPA) just started operations in the summer of 2015 at its Altona cruise terminal 

(one berth) 8 , which is the EU’s first high voltage shore power berth. The Port of 

Amsterdam has moved forward with a study relating to shore power (also called ‘on-shore 

power supply’ or OPS), stating:  

“The sector has acknowledged that the only way to realize on shore power supply for 

sea cruise ships is to use a European approach. On shore power supply will only be 

feasible if a certain critical mass is reached. A large investment is needed in on-board 

connectors by cruise lines. This investment will only be made, if a significant amount 

of terminals along the usual sailing routes will offer on shore power supply. Therefore, 

the port of Amsterdam as major European cruise port, in close cooperation with 

Cruise Europe, ports in North and Western Europe and cruise lines sailing in Europe 

                                                
6 http://www.cmport.com/~/media/docs/corporate%205/reports/shoreside%20report_enggb_final.ashx, accessed 
December 2015 
7 CBC News, www.cbc.ca/news/canada/british-columbia/victoria-harbour-cruise-power-1.3644808, accessed April 
2017 
8 http://www.hamburg-news.hamburg/en/cluster/port-logistics/shore-power-altonas-cruise-terminal/, accessed 
October 2015 

http://www.cmport.com/~/media/docs/corporate%205/reports/shoreside%20report_enggb_final.ashx
http://www.hamburg-news.hamburg/en/cluster/port-logistics/shore-power-altonas-cruise-terminal/,
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has taken the lead to realize a European project for on shore power supply: OPS Sea 

Cruise Europe.” 

The ultimate goal of the OPS Sea Cruise Europe project is to build four OPS facilities in 

Europe based on the projects findings. 

 In March 2017, the United States Environmental Protection Agency (USEPA) published 

a Shore Power Technology Assessment at U.S. Ports9.  This assessment was compiled 

based on review of numerous sources and provides a method of assessing shore power 

for ports throughout the US.   

 It should be noted that it is uncommon for all the berths at a terminal or within a port to 

be equipped with shore power due to costs and operational flexibility. 

  

                                                
9 USEPA, https://www.epa.gov/ports-initiative/shore-power-technology-assessment-us-ports, accessed April 2017 
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1.4 White Bay Cruise Terminal Development 

White Bay is located in Balmain, in the LGA of Inner West Council. It has been a working port 

in Sydney since the mid-1800s and along with Glebe Island, continues to operate as a port 

24/7. White Bay Berth No. 5 (WB5) operated as a general stevedoring terminal until 2006 and 

continued as an overflow area for car stevedoring until late 2008. 

White Bay's evolution to a cruise terminal came with the closure of Darling Harbour berth 8 

Cruise Terminal to make way for the Barangaroo development. 

The NSW Government's Passenger Cruise Terminal Steering Committee, which included 

representatives from the Sydney Harbour Foreshore Authority (SHFA), Tourism and 

Transport Forum, NSW Maritime, Tourism NSW, Royal Australian Navy (RAN), major cruise 

companies and Sydney Ports Corporation (now Port Authority), collectively saw White Bay 

as the home for Sydney's second cruise passenger facility. This decision was based on the 

availability of the WB5 berth along with the unsuitability of attempting to run cruise operations 

at Barangaroo. 

Port Authority prepared an environmental assessment, including preparation of air quality and 

noise impact assessment studies from cruise ships and terminal operations. 

In the planning approval for the WBCT, received from the NSW Department of Planning and 

Environment, noise limits were set that the environmental assessment modelling predicted 

would be exceeded under certain circumstances, particularly in certain adverse weather 

conditions.  The planning approval also specified air quality criteria for key pollutants based 

in the environmental assessment, namely sulphur dioxide (SO2), nitrogen dioxide (NO2) and 

particulate matter less than 10 microns (PM10), in accordance with National Environment 

Protection Measure and the NSW Environmental Protection Authority (EPA, then Department 

of Environment and Conservation) criteria outlined in Approved Methods for the Modelling 

and Assessment of Air Pollutants in New South Wales. 

The conditions of approval require noise and air quality monitoring to be undertaken to assess 

compliance against the criteria. 

Following approval, the WBCT was constructed by the then Sydney Ports Corporation and 

opened on 15 April 2013. 

Air Emissions at White Bay Cruise Terminal 

Prior to the 2015 NSW State Government election, in response to increasing community 

concern from some local residents about emissions from cruise ships at WBCT, the NSW 

Government committed to regulate sulphur content in fuels used by cruise ships in Sydney 

Harbour. This was despite the results of monitoring of air quality conducted by Port Authority 

showing that it was in compliance with national ambient air standards.  

The NSW Government (Minister for the Environment) also committed to a benefit-cost 

analysis of installing shore to ship power at each of the major NSW shipping ports used by 

the cruise industry as part of its 2015 election commitment, in conjunction with the introduction 

of low sulphur fuel as a means to mitigate emission impacts at WBCT.  

The NSW Government’s response to the Upper House Inquiry into the Performance of the 

EPA also included a commitment for Port Authority to undertake a feasibility study of shore 

power (response to Recommendation 12).  
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Following consultation with EPA it was agreed to focus this study on the feasibility and costs 

of installation of shore power at WBCT, with investigation of the associated emissions benefits 

also to be undertaken. 

The EPA regulated sulphur content in fuel commencing on 1 October 2015 via the 

implementation of the Protection of the Environment Operations (Clean Air) Amendment 

(Cruise Ships) Regulation 2015 (Cruise Ships Regulation) under the Protection of the 

Environment Operations Act 1997 (NSW). As such, fuels used by cruise ships are limited to 

a maximum of 0.1% sulphur content. This was estimated by the EPA10 to result in a 70% 

reduction in fine particle emissions.  

It is noted that this sulphur content is lower than current limits defined by international 

MARPOL regulations, which set global sulphur levels at 0.5% by 2020 in areas outside the 

ECAs established under MARPOL Annex VI for sulphur oxides (SOx).  Within those ECAs the 

limit is set at 0.1%. 

In May 2016, EPA became aware that the Commonwealth Government introduced 

amendments to the Protection of the Sea (Prevention of Pollution from Ships) Act 1983 into 

Parliament in September 2015, which were assented to in December 2015, and resulted in 

the 2015 Cruise Ships Regulation being inoperative from January 2016.  

In December 2016 the Commonwealth announced a new direction to protect Sydney Harbour 

from harmful ship emissions. The AMSA Direction as outlined in the Marine Notice 21/201611,  

authorised under Subsection 246(1)(b) of the Navigation Act 201212 which became effective 

in December 2016, directs cruise vessels to limit sulphur emissions while at-berth in Sydney 

Harbour.  This direction is applicable to cruise ships capable of accommodating more than 

100 passengers and requires the use either one or a combination of the following options: 

(i) 0.1% sulphur content fuels; 

(ii) certified exhaust gas cleaning systems (EGCS); and/or  

(iii) shore power.   

The limit on sulphur emissions applies from one hour after the vessel’s arrival at-berth until 

one hour before the vessel’s departure. 

In the interim between the Cruise Ships Regulation being inoperative (January 2016) and the 

start of the AMSA Direction (December 2016), EPA was able to obtain agreement with both 

Carnival Australia and Royal Caribbean to voluntarily continue to comply with the at-berth 

requirements of the 2015 Cruise Ships Regulation. 

Port Authority, through an expert consultancy, and in discussion with the EPA, has also 

commenced additional air quality monitoring in Balmain which is over and above the 

requirements of the planning approval.  Particulate matter less than 2.5 microns (PM2.5) and 

SO2 is being continuously monitored with near real-time results publicly available on a 

dedicated Port Authority web page.  Monthly reports are also provided on the Port Authority 

website.  Monitoring of VOCs has been undertaken during one 24-hour period whilst a cruise 

ship was at WBCT. 

                                                
10 http://www.epa.nsw.gov.au/resources/air/150604-regulation-statement.pdf, accessed March 2016 
11 AMSA, https://apps.amsa.gov.au/MOReview/MarineNoticeExternal.html, accessed January 2017 
12 Federal Register of Regulation, https://www.legislation.gov.au/Series/C2012A00128, accessed January 2017 

http://www.epa.nsw.gov.au/resources/air/150604-regulation-statement.pdf
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In addition to air quality issues, concerns about odour from cruise ship exhaust have been 

raised by the community, with odour complaints continuing to be received in the period 

following the introduction of the Cruise Ships Regulation.  

Noise Emissions at WBCT 

Noise from cruise ships is a concern for the local community and noise monitoring indicates 

the noise from cruise ships berthed at WBCT does exceed the criteria set in the project 

approval. Monitoring against the project approval noise limits has involved 129 readings over 

17 vessel visits.  The monitoring indicates there were 35 exceedances including 25 at 

locations closest to WBCT at Grafton Street and Cameron’s Cove.  The exceedances have 

been measured over day, evening and night-time periods. It is noted that the majority of ships 

are at berth during the day-time period.  The percentage of cruise ship visits staying overnight 

for the current cruise season is approximately 12% of visits, which equates to less than 5% 

of the year.  

Port Authority has investigated a range of noise mitigation measures to address the 

exceedances of the noise limits as part of a Noise Mitigation Strategy which has been 

prepared for the consideration of the NSW Department of Planning and Environment.  The 

reduction of noise through the implementation of shore power was one of the options 

assessed under the Noise Mitigation Strategy.  Other options considered included: 

(i) source reduction (operational and engineering changes to ships);  

(ii) treatment of receivers; and  

(iii) noise barriers.  

Port Authority has also completed community consultation as documented in a Response to 

Submissions Report prepared for the consideration of the NSW Department of Planning and 

Environment.  The Final Noise Mitigation Strategy to be implemented by Port Authority 

comprising a Noise Restriction Policy, Noise Attenuation Program, and Noise Logging, is to 

be considered by the Department following their review of the Response to Submissions 

Report. 
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2 Feasibility and Costing 

2.1 Infrastructure Requirements for White Bay Cruise Terminal 

 

KEY FINDING 

 Shore power at WBCT is technically feasible, with an estimated landside infrastructure 

cost of $36 million13, based on a two-year installation period. 

 

Port Authority contracted Navari Pty Limited to prepare a feasibility study to investigate the 

feasibility, estimated cost and timeframe for providing shore power to the WBCT. This report 

is included in Appendix 1. 

A shore power rating of 15 mega-volt amperes has been modelled at the WBCT site, which 

is compatible with the products currently available from shore power equipment 

manufacturers.  

Based on information received from the electricity provider (Ausgrid Pty Limited), the optimum 

connection point is a 33 kilovolt connection from Rozelle Sub-transmission Substation, which 

would require an underground cable from Rozelle to the WBCT site, at an estimated length 

of 2.5 kilometres. 

Investigations to date have not identified any issues that would make the upgrade of the local 

electricity network impossible. Installation of shore power infrastructure at WBCT also 

appears physically and technically possible.  

It should be noted that preliminary investigations (i.e. initial discussions with energy provider) 

into shore power installation at the Overseas Passenger Terminal at Circular Quay have also 

been undertaken.  

2.2 Cost Estimates  

The total budget cost estimate for a complete shore power facility at WBCT, including all of 

the design and investigation costs, 33 kilovolt (kV) cable, shore power equipment, and cable 

system is $23 million–$28 million as outlined in Table 1, and allowing for a potential range in 

cost estimates, the upper estimate could be in the order of $36 million.  

Table 1 – Summary of Budget Costs 

Item Budget 
Cost 1 

Comments 

Ausgrid Design 
Costs 

$200,000 Includes: design, design certification, and construction 
supervision. 

Assumes no Rozelle substation upgrade required 

                                                
13 The estimated lower to upper cost is $23-28 million, and with an assumed margin of error ranges from $21-36 
million. 
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Item Budget 
Cost 1 

Comments 

Design of 33kV 
Cable 
Connection 
to the WBCT site 

$400,000 Includes coordination of design of cable from the Ausgrid 
nominated Connection Point, cable rating studies, field 
investigations, earthing considerations, thermal resistivity 
testing, geotechnical, environmental study  

Supply and 
installation 
of the 33kV Cable 

$5–7M Installation to Ausgrid Network Standard NS168. 
Includes:  

– supply of 2.6 kilometres of underground rated 33kV 
cable and associated works 

Design and 
installation of the 
shore power 
equipment 

$10–12M Cost based on prices from suppliers.  

Includes: 

– overall design 
– 33kV incoming switchboard switching of Ausgrid cable. 
– 33kV/440V 15MVA transformer 
– 3 phase static frequency conversion equipment 
– variable voltage 15MVA output transformer 

Design and 
installation of 
cable connection 
system 

$2–3M Cost based on prices from suppliers. Includes: 

– overall design from output transformer on shore power 
equipment to ship 

– auto or manual connection from shore to ship 

Project 
Management 

$2.9M Oversight of design, procurement and ongoing 
management 

Contingency 10% Typical for a project of this nature due to construction 
unknowns 

Total cost $23–28M Suggest a +30%/–10% margin. Refer to note 2 below 

Lower – upper 
cost estimate 

$21–36M Based on above margins 

Note 1:  The above budget cost is based on an exchange rate of 1 Australian dollar being equivalent to 72 cents US dollar. 

Note 2:  The +30%/–10% margin is based on the cost for the design and installation of the shore power construction work and 

equipment quoted by the various suppliers was on the basis that the quote was not accurate or binding. They all 

quoted similar figures for the shore power equipment, and for the cable connection system, but it was on the 

understanding that they had not visited the site and had not carried out any detailed studies into the system they 

would be offering to suit the WBCT site. 
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3 Environmental Emissions Benefits 

3.1 Air Emission Benefits 

Modelling of emissions reduction was undertaken by Starcrest Consulting Group LLC to 

understand relative emission reduction benefits of various options. It has included the 

following scenarios for vessels scheduled to berth at WBCT between 1 October 2015 and 30 

September 2016:  

 Baseline – represents pre-Low Sulphur Fuel Requirements, assuming ships use 2.7% 

sulphur fuel at berth; 

 AMSA Direction Low Sulphur – represents compliance with the AMSA Low Sulphur 

Fuel Requirements using 0.1% sulphur fuel, including a one hour changeover period from 

2.7% to 0.1% sulphur fuel upon arrival at and departure from the berth; 

 EPA Low Sulphur – represents compliance with the long term intent of the Cruise Ship 

Regulation using 0.1% sulphur fuel for the entire period at berth; 

 Scrubbers – represents alternative compliance with Low Sulphur Fuel Requirements 

using on-board scrubbers, whilst using low sulphur fuel; and 

 Shore Power – represents vessels connecting to shore power (based on CARB’s shore 

power regulation scheme14), and using 2.7% sulphur fuel for one hour upon arrival at and 

departure from the berth. For this scenario, emissions from the land-side grid in providing 

the electricity for shore power were also estimated for the NSW Greater Metropolitan 

Region (GMR).  

Modelling methods were based on those used by the internationally recognised CARB, which 

have been utilised for assessment of numerous ports in North American and Asia and are 

consistent with IMO methodologies. 

The modelling focussed on emissions at berth as these comprise approximately 80% of total 

emissions from a cruise ship’s entire call to Sydney Harbour. 

Port Authority acknowledges that there are sensitive receivers in close proximity to WBCT, 

with residences located at distances and elevations relative to WBCT where air emissions, 

odour and noise issues have arisen from cruise ships that have resulted in community 

concerns.  It should be noted that the emissions modelling undertaken for the purpose of this 

report (total annual cruise ship emissions) has been at a scale that does not assess the direct 

emission benefits due to shore power at individual receivers.  

Forecast estimates have not been included as the scenarios were selected to specifically 

analyse the relative benefits of shore power against the baseline emissions and low sulphur 

fuel. It is acknowledged that vessel visits are forecast to increase due to an increase to about 

2 million passengers in Australia by 2020 (an approximate annual growth rate of 12.5%, 

based on Cruise Lines International Association data), which would lead to an increase in 

total annual emissions. However, it is considered that the relative benefits of shore power 

                                                
14 It is noted that all modelling of the benefits of shore power was based on an assumed regulatory requirement that 
cruise companies calling more than 20 times would need to reduce emissions via shore power and all ships with shore 
power capabilities will plug in; similar to the shore power regulation scheme in California (namely, the modelling 
assumed for 2015–16 there were 116 calls out of 132 that were shore powered; and 10 ships with shore power 
infrastructure). The reality is that for the 2015–16 cruise season currently 6 of 24 cruise ships are shore power-ready, 
and those ships make 29 of 132 calls or 22% of visits. 
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would remain largely similar. The effects of the MARPOL 0.5% sulphur requirements due to 

be introduced globally in 2020 are not expected to alter the emission estimates as the 

scenarios tested account for low sulphur fuel usage (0.1% sulphur at berth), assuming this 

requirement continues. 

The complete report is included in Appendix 2. 

 

KEY FINDING 

 

 The introduction of Low Sulphur Fuel Requirements through the Protection of the 

Environment Operations (Clean Air) Amendment (Cruise Ships) Regulation 2015 

which was subsequently replaced by the Australian Maritime Safety (AMSA) Direction 

as outlined in the AMSA Marine Notice 21/2016, authorised under Subsection 246(1)(b) 

of the Navigation Act 2012, have had a major positive effect on reducing cruise ship-

related air emissions in Port Jackson – reducing the potential for subsequent benefits 

of shore power. 

 

o Port Authority modelling of air emissions at WBCT demonstrates an 87% reduction in sulphur 

oxides (SOx) and a 69% reduction in particulate matter less than 2.5 microns (PM2.5) 

emissions as a result of the AMSA Low Sulphur Fuel Requirements. Installation of shore 

power would provide negligible further incremental reduction in SOx and 10% in PM2.5.  

 

o Air quality data collected from the Port Authority’s air monitoring station located in Grafton 

Street, Balmain, indicates that whilst there has been a significant reduction in SOx since the 

introduction of Low Sulphur Fuel Requirements, PM2.5 concentrations are not discernibly 

different between ship and non-ship days at WBCT and appear to be dominated by sources 

other than cruise ships at WBCT. All SOx and PM2.5 measured emissions are below national 

ambient air quality standards set by the National Environment Protection (Ambient Air 

Quality) Measure. 

 

The modelling of sulphur oxides (SOx) emissions provided by Starcrest LLC, predicted 104.4 

tonnes annually being reduced to 13.1 tonnes annually following the introduction of the AMSA 

Low Sulphur Fuel Requirements. This is a reduction of SOx in the order of 87%. 

By comparison, the modelled benefits of either scrubbers or shore power are incrementally 

low, providing an additional benefit in the order of 11% for scrubbers and no benefit for shore 

power, as demonstrated in Figure 1. 
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Figure 1 – Modelling of Sulphur Oxides (SOx) 

Further to the modelling provided by Starcrest LLC, comparison has also been made with air 

quality data collected from the Port Authority’s air monitoring station located in Grafton St, 

Balmain. This data also indicates that SO2 concentrations were much lower on cruise ship 

days in October 2015 compared to September 2015, which is attributed to the introduction of 

the EPA Low Sulphur Fuel Requirements on 1 October 2015.  

The modelling of particulate matter (PM2.5) emissions provided by Starcrest LLC, predicted 

10.2 tonnes annually being reduced to 3.2 tonnes annually following the introduction of the 

AMSA Low Sulphur Fuel Requirements. This is a reduction of PM2.5 in the order of 69%. 

By comparison, the modelled benefits of either scrubbers or shore power are incrementally 

low, providing an additional benefit in the order of 10%, as demonstrated in Figure 2. 

Further to the modelling provided by Starcrest LLC, comparison has also been made with air 

quality data collected from the Port Authority’s air monitoring station located in Grafton St, 

Balmain. This data indicates that PM2.5 concentrations were not discernibly different between 

ship and non-ship days at WBCT, and all levels are below the national ambient air standards. 

In summary, the monitoring indicates that the Low Sulphur Fuel Requirements have had a 

similar effect to that predicted by the modelling prepared by Starcrest in terms of SO2. 

However, the reduction in PM2.5 could not be observed and appears to be dominated by 

sources other than cruise ships at WBCT.  
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Figure 2 – Modelling of Particulate Matter 

 

 

KEY FINDING 

 

 Based on modelling including the land-side power grid emissions (as well as the 

emissions at the source at WBCT), shore power would increase the overall air 

emissions of SOx and carbon dioxide (CO2) within Sydney’s Greater Metropolitan 

Region (unless clean energy was sourced for the supply of electricity).  

Shore power does not reduce emissions to zero. Shore power shifts localised ship-generated 

auxiliary engine emissions to regional land-side power grid generated emissions. As such, 

further to modelling emissions that only considered emissions from the ship, Starcrest LLC 

also undertook modelling which included the emissions from the land-side power grid.  In 

addition a ship’s diesel fuelled boilers, which are normally off due to the use of waste heat 

recovery, would need to be switched on while connected to shore power. 

It should be noted that the land-side power grid emissions could be offset through contracting 

only for the supply of clean energy. However this would require further exploration to ensure 

there is not significant additional supply cost. 

The modelling of regional emissions (including both ship plus power station emissions) of 

sulphur oxides (SOx) provided by Starcrest LLC, predicted 13.1 tonnes annually based on the 

AMSA Low Sulphur Fuel Requirements, which would increase to 26.6 tonnes annually 

following the introduction of shore power. This would be an increase to the existing overall air 

emissions of SOx within Sydney’s GMR by approximately 100%, as demonstrated in Figure 3. 
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Figure 3 – Modelling of Sulphur Oxides (SOx) including both Ship and Power Station Emissions 

Similarly, the modelling of regional emissions (including both ship plus power station 

emissions) of CO2 emissions provided by Starcrest LLC, predicted 5880 tonnes annually 

based on the AMSA Low Sulphur Fuel Requirements, which would increase to 6869 tonnes 

annually following the introduction of shore power. This would be an increase to the overall 

air emissions of CO2 within Sydney’s GMR of 16%, as demonstrated in Figure 4. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 4 – Modelling of Carbon Dioxide (CO2) including both Ship and Power Station Emissions 
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The modelled case above calculated the CO2 emissions based on the current state of 

electricity generation in NSW, incorporating 21% renewables and 12% gas. Implementation 

of shore power at WBCT could require the use of renewable energy sources to reduce CO2 

contributions.  One option would be to specify use of grid connected wind power (or other 

renewable source) in any long-term electricity agreement for the additional 8–12MW of power 

required for shore power at WBCT.  This may not necessarily lead to any additional costs as 

alternative energy sources such as wind power can be similar to base load power prices and 

provision for 8MW is available, given the relatively small level power of electricity generation 

involved. It is understood a similar condition specifying use of grid connected wind power was 

a requirement for the operation of the Kurnell desalination plant. 

 

KEY FINDING 

 

Port Authority modelling of air emission at WBCT demonstrates shore power will provide 

a reduction in the emission of nitrogen oxides (NOx) and volatile organic compounds 

(VOCs), which are not significantly reduced by Low Sulphur Fuel Requirements. However, 

as existing levels emitted from cruise ships are at relatively low levels when compared to 

relevant national ambient air standards, the introduction of shore power will not provide 

a significant emissions reduction benefit. 

 

 

Shore power will provide a reduction in the emission of NOx and VOCs, however, existing 

levels are both below relevant national ambient air standards and comparable to or below 

reported levels of exposure at other locations in NSW. 

The modelled case for both NOx and volatile organic compounds VOCs has formed the basis 

of emissions benefits analysis. This has been supported by a program of monitoring of actual 

levels of a suite of VOCs, which indicated that most compounds were not at a concentration 

that was detectable. 

 

Nitrogen Oxides (NOx) 

Key findings of the analysis of NOx emissions include: 

 Shore power would reduce baseline NOx emissions by 64% (NOx emissions are not 

addressed significantly by the Low Sulphur Fuel Requirements).  

 Based on dispersion modelling of NO2 emissions at WBCT, the exposure at the nearest 

sensitive receivers in Balmain comply with the National Environment Protection (Ambient 

Air Quality) Measure. 

 Current levels of NOx in the former Leichhardt LGA (including emissions from WBCT) are 

comparable to other areas such as Canada Bay, North Sydney and the former 

Marrickville LGA and are significantly lower than areas such as Parramatta, Sydney City 

and Botany Bay. 

The modelling of nitrogen oxides (NOx) emissions provided by Starcrest LLC, predicted 117.2 

tonnes annually being reduced to 44.0 tonnes annually following the introduction of shore 

power. This is a reduction of NOx in the order of 63%, as demonstrated in Figure 5. 
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Figure 5 – Modelling of Nitrogen Oxides (NOx) 

 

Further investigation was undertaken by air quality consultants, Jacobs Pty Limited, with 

particular reference to NOx emissions and abatement. This report is included in Appendix 3. 

The potential reductions in NOX offered by shore power are more substantial than for SO2 

and PM10/PM2.5 when the reductions in emissions for these pollutants already achieved by the 

requirement for cruise ships to use low sulphur fuel while berthed at WBCT is taken into 

consideration. Hence the further assessment undertaken by Jacobs was focussed on NOx 

emissions to provide information in regard to existing levels and the potential relative benefits 

of shore power compared to other alternatives, which have not already been addressed via 

the introduction of low sulphur fuel. 

Considering industrial and diffuse sources of NOx across the Sydney GMR the former 

Leichhardt LGA (which includes Balmain) is exposed to similar levels of NOx emission to other 

inner Sydney LGAs. Leichhardt generally has lower NOx emissions than outer Sydney LGAs 

e.g. Parramatta, Blacktown and Liverpool, as demonstrated in Figure 6.  
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Figure 6 – Modelling of Nitrogen Oxides (NOx) in various LGAs 

 

Volatile Organic Compounds (VOCs) 

Key findings of the analysis of VOC emissions include: 

 Shore power would reduce baseline VOC emissions by 62% (VOC emissions are not 

addressed significantly by the Low Sulphur Fuel Requirements). 

 Based on dispersion modelling of VOC emissions at WBCT, the exposure at the nearest 

sensitive receivers in Balmain complies with the National Environment Protection 

(Ambient Air Quality) Measure.  

 Current levels of VOCs have been monitored by Port Authority adjacent to WBCT and 

the results indicate that VOCs are significantly lower than the relevant EPA criteria with 

most compounds being undetectable. 

 Those that were detected were approximately 100 times lower to 900 times lower than 

the relevant criteria. 

The modelling of volatile organic compound (VOC) emissions provided by Starcrest LLC, 

predicted 3.5 tonnes annually being reduced to 1.3 tonnes annually following the introduction 

of shore power. This is a reduction of VOCs in the order of 62%, as demonstrated in Figure 7. 
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Figure 7 – Modelling of Volatile Organic Compounds (VOCs) 

 
Port Authority has conducted VOC monitoring (including a suite of over 80 compounds) in 
the vicinity of WBCT. Monitoring was undertaken for a 24-hour period on a day when a cruise 
ship was berthed at WBCT and the source of the ship’s exhaust was downwind of the 
monitoring equipment, i.e. southerly winds.  
 
The results for the suite of the VOCs analysed indicate that most of the measured compounds 
were below the limit of detection (LOD) adjacent to WBCT, which was 0.5 parts per billion 
(ppb) for the majority of compounds. The LOD represents the lowest concentration at which 
a compound can be detected in the air samples. 
 
The results, where they were detectable, ranged from approximately one hundred times lower 
to 900 times lower than the relevant criteria as shown in Table 2. The concentrations for the 
four VOC compounds that were detectable but for which there are no national or state criteria 
were similarly extremely low. 
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Table 2 – Summary of VOC Monitoring Results adjacent to WBCT 

Compound Measured 
Concentration (ppb) 

NEPM (2011) Criteria1 
(ppb) 

EPA (2005) 
Criteria2, 3 (ppb) 

Chloromethane 0.8 n/a 900 

Toluene 0.8 1000 90 

Acetone 12.5 n/a 9200 

Isooctane 0.7 n/a n/a 

Isopropyl 
alcohol 

4.4 n/a n/a 

2-Butanone  0.7 n/a n/a 

Propene 1.1 n/a n/a 

 
Note 1  National Environment Protection (Air Toxics) Measure. National Environment Protection Council, Canberra, ACT, 

2011 
Note 2  Approved Methods for the Modelling and Assessment of Air Pollutants in New South Wales, EPA 2005 
Note 3  Note that these are one hour average assessment criteria 

 
 

Odour 
 

KEY FINDING 

 

 Shore power would provide a reduction in odorous emissions. However, the reduction 

in odour may not be discernible as there would still be odours related to diesel boilers 

(which are used on ships to generate heat when a ship is using shore power). 

 

When a cruise ship is connected to and operating on shore power, the waste heat from the 

diesel-electric generators drops (because the engines are off), requiring the use of the 

auxiliary boilers to be increased to service hot water and steam needs for the ship. There 

would still be odour generated from exhaust emissions from the boiler use. 

Port Authority has not conducted a specific study into the emission benefits in relation to 

odour as this is a highly subjective concern. 
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3.2 Noise Benefits 

KEY FINDING 

 

 Shore power provides a reduction to noise emissions.  However, it is not the most 

cost-effective solution for reducing audible noise, as the points below demonstrate: 

 

o Shore power would reduce audible noise in the order of 9–10 decibels, which provides similar 

benefit to other noise reduction measures, but is comparatively expensive. For example, the 

installation of a noise barrier would provide a similar reduction in audible noise at a 

significantly lower cost (estimated at $2.5–4 million); 

 

o Shore power capable vessels at WBCT represent 25% of vessel calls, reducing to 8% of 

overnight stays (based on 2015–16 visits) and noise benefits will vary from ship to ship. 

 

o Port Authority has completed investigations as outlined in the Noise Mitigation Strategy for 

WBCT and conducted community consultation as documented in a Response to 

Submissions Report prepared for the consideration of the NSW Department of Planning and 

Environment.  The investigation comprised evaluation of all identified noise mitigation options 

including operational and engineering changes to ships and treatment of receivers. The Final 

Noise Mitigation Strategy is to be considered by the Department following their review of the 

Response to Submissions Report; 

 

o The key elements of the Noise Mitigation Strategy are a Noise Restriction Policy, Noise 

Attenuation Program, and Noise Logging.  Port Authority has allocated $5.3 million to fund 

the implementation of the Strategy. 

 

Port Authority has not identified any cruise port in its investigations that has initiated the 

provision of shore power for the primary purpose of mitigating noise.  

There is currently no global initiative to encourage reduction of audible noise emissions from 

ships.  The focus of the majority of noise investigation is typically related to underwater noise 

from ships.  

Noise emissions from cruise ships berthed at WBCT, on occasion, exceed the criteria set in 

the project approval based on audible noise. 

As part of the Noise Mitigation Strategy which has been prepared and submitted to the NSW 

Department of Planning and Environment, shore power was identified as a potential noise 

mitigation option and has been investigated in terms of the potential noise benefits it may 

provide. The alternative solutions evaluated are:  

(i) source reduction (operational and engineering changes to ships);  

(ii) treatment of receivers; and  

(iii) noise barriers. 

A consultant report has been prepared by SLR Consulting Pty Ltd to review the potential 

reduction in noise levels when cruise ships berthed at WBCT are operated using shore based 

power.  The noise assessment has been based on the vessel Pacific Jewel, being typical of 

the vessels that berth at the WBCT. A 3D computer noise model of the vessel has been used 
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which includes significant noise sources, as based on nearfield measurements and 

manufacturer’s data. The model has then been used to predict noise levels under normal 

operation and shore based power.  The report is included in Appendix 4. 

Noise levels from the Pacific Jewel have been previously measured to be 50 dBA, at the 

nearest receivers to the WBCT in Grafton Street. The provision of shore based power will 

enable the ship’s generators to be shut down and the associated mechanical ventilation 

systems either switched off or reduced in capacity. The resultant noise level at the nearest 

receiver is predicted to decrease by an estimated 9–10 dBA. 

However, as part of the Noise Mitigation Strategy investigations, SLR Consulting have 

advised that other options, such noise attenuation, could provide similar reductions to the 

level of audible noise.  It is noted that residences to the north-west and north-east would 

receive limited benefit.  A noise barrier is estimated to cost in the order of $2.5–$4 million.  

Although not referenced by the project approval, as well as audible noise, SLR Consulting 

considers that shore power may provide additional benefits associated with reducing low 

frequency noise. 

It should be noted that shore power capable vessels at WBCT currently represent 25% of 

vessel calls, reducing to 8% of overnight stays (based on 2015-16 visits) and noise benefits 

will vary from ship to ship.  

Prediction of noise reduction due to shore power is difficult to model, but Port Authority 

considers that overall ship noise levels would be reduced. However, it would be difficult to 

recommend shore power solely on this basis. 

Port Authority has completed investigations as outlined in the Noise Mitigation Strategy for 

WBCT and conducted community consultation as documented in a Response to Submissions 

Report prepared for the consideration of the NSW Department of Planning and Environment. 

The investigation comprised evaluation of all identified noise mitigation options including 

operational and engineering changes to ships and treatment of receivers.  The Final Noise 

Mitigation Strategy is to be considered by the Department following their review of the 

Response to Submissions Report. 

The key elements of the Noise Mitigation Strategy are as follows: 

 Noise Attenuation Program: noise attenuation comprising of physical treatments to 

homes to a defined area of residences where noise modelling indicates that average 

noise levels reach or exceed 55 decibels at night (‘attenuation eligibility threshold’). 

 Noise Restriction Policy: a new policy restricting on-deck music and public 

announcements not related to safety and restrictions for ships which cause further 

exceedances of the attenuation eligibility threshold. Non-compliant ships will be given an 

initial warning to make improvements; a second non-compliance will result in overnight 

relocation of the ship; and a third non‑compliance will result in future bookings not being 

allowed. 

 Noise Logging: continuous real-time logging to monitor noise levels and guide ongoing 

noise management, including ensuring compliance with the Noise Restriction Policy. 

 Port Authority has allocated $5.3 million to fund the implementation of the Strategy. 
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4 Cost Effectiveness Analysis and Alternative Options 
 

KEY FINDING 

 

 Air emission strategies can be assessed using a number of different methods.  This 

assessment employed a methodology used by the California Air Resources Board 

(CARB).  Using the CARB benchmark, shore power at the WBCT was not found to be 

a cost effective solution: 

 

o Projects with values less than the benchmark (i.e. a ratio less than 1.0) are considered cost-

effective, while those higher than the benchmark are not considered cost-effective.  The 

investigation found that the use of shore power would range from 2 to over 7 times higher 

than the benchmark and would therefore not be considered cost-effective; 

 

o Additionally, using the NSW EPA method for assessing the health impacts, the benefit of 

implementing shore power is approximately 11 to 24 times less than the cost of the project 

over the 10 year implementation period; 

 

o Shore power is only one possible emission control solution. Other options include: 

 

- engine and boiler technologies 

- after treatment technologies 

- alternatively fuelled on-board energy generation 

- alternatively generated power stem 

- operational efficiency improvements. 

 

The emissions benefits analysis was prepared by Starcrest LLC based on the estimated 

annual emission reductions for PM10 and NOx (with a weighting of 20:1 for PM10:NOx to 

account for the health effects of particulates).  

The analysis tested the cost effectiveness of adopting shore power with 0.1% sulphur fuel as 

shown in Tables 3 and 4 based on the low and high costs estimates for the implementation 

of shore power at WBCT, over both a 10-year and a 20-year evaluation period. The approach 

adopted to assess these results uses CARB’s guideline benchmark value of $21,522/tonne 

to determine whether the project is cost effective.  
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Table 3 – Shore Power Cost Effectiveness Analysis – 10-year Evaluation Period  

 Cost Effectiveness $/weighted tonne   
(ratio to benchmark)  

CARB Cost 
Effectiveness 
Benchmark 

Scenario Based on Low Cost 
Estimate 

Based on High Cost 
Estimate 

 

Shore power with 
0.1% sulphur fuel – 
Local emissions 

$48,924/tonne 
 
(2.3 times higher) 

$125,126/tonne 
 
(5.8 times higher) 

$21,522/tonne 

Shore power with 
0.1% sulphur fuel – 
GMR emissions 

$59,565/tonne 
 
(2.8 times higher) 

$152,343/tonne 
 
(7.1 times higher) 

$21,522/tonne 

Projects with values less than the benchmark (i.e. a ratio less than 1.0) are considered cost 

effective, while those higher than the benchmark are not considered cost effective.  Based on 

this analysis, using a 10-year evaluation period the use of shore power would range from 2.3 

to over 7 times higher than the benchmark and would therefore not be considered cost 

effective.  

Table 4 – Shore Power Cost Effectiveness Analysis – 20-year Evaluation Period  

 Cost Effectiveness $/weighted tonne   
(ratio to benchmark)  

CARB Cost 
Effectiveness 
Benchmark 

Scenario Based on Low Cost 
Estimate 

Based on High Cost 
Estimate 

 

Shore power with 
0.1% sulphur fuel – 
Local emissions 

$42,878/tonne 
 
(2.0 times higher) 

$132,258/tonne 
 
(6.1 times higher) 

$21,522/tonne 

Shore power with 
0.1% sulphur fuel – 
GMR emissions 

$52,204/tonne 
 
(2.4 times higher) 

$161,025/tonne 
 
(7.5 times higher) 

$21,522/tonne 

Using a 20-year evaluation period the use of shore power would range from 2.0 to over 7 

times higher than the benchmark and would not be considered cost effective.  The 

consultant’s findings are included in Appendix 2.  

Whilst a detailed analysis of monetised health benefits of shore power has not been 

undertaken as part of this study, for information purposes, an alternative cost-effectiveness 

analysis looking at the value of the related health impacts of changes in particulate matter 
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emissions, typically expressed as “damage-cost”15 per tonne of PM2.5 emissions has also 

been undertaken.  

NSW EPA has provided advice on valuing health impacts resulting from changes in 

particulate emissions16. For the Sydney urban area, the particulate matter related health 

benefits are estimated by EPA at $280,000/tonne PM2.5 (based on 2011 value, which is 

estimated to be $311,000 in 2017), which is the benefit of reducing PM2.5 emissions by one 

tonne.  

The net reduction in PM2.5 emissions estimated from the implementation of shore power, as 

provided by Starcrest LLC, is 1.06 tonnes per year, which would equate to a damage-cost, or 

conversely a cost saving due to improved health, of $330,000 per year.  

When shore power is considered over a 10-year implementation period, the cost savings due 

to health benefits would range from $3.3 million, while the implementation of shore power 

including operational costs and retrofitting ships would range from $37–80 million over the 

same period.  This evaluation indicates the benefit of implementing shore power is 

approximately 11–24 times less than the cost of the project over the 10-year implementation 

period. 

For a 20-year implementation period, the cost savings would be $6.6 million, while the 

implementation costs would be $53–124 million over the same period.  This is approximately 

8–19 times less that the cost of the project over a 20-year implementation period. 

Alternative Options 

There are a number of options when looking at alternative emission reduction strategies for 

cruise ships at-berth, which can be grouped into the following categories: 

(i) Engine and boiler technologies 

(ii) After treatment technologies 

(iii) Alternatively fuelled on-board energy generation 

(iv) Alternatively generated power systems 

(v) Operational efficiency improvements. 

All options provide reductions to specific pollutants, and the selection of an appropriate option 

is dependent on the specific pollutant required to be reduced.  

                                                
15 Damage costs are a simple way to value changes in air pollution. They estimate the cost to society of a change in 
emissions of different pollutants  
16 Methodology for valuing the health impacts of changes in particle emissions, EPA, February 2013 
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Appendix 1 – Feasibility Study (Navari) 
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Appendix 2 – Shore Power Analysis – Costs and 
Benefits Study (Starcrest) 
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Appendix 3 – Air Quality Assessment (Jacobs) 
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Appendix 4 – Noise Assessment (SLR) 

 

 


