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Climate change and greenhouse gas

This chapter outlines the climate change risk assessment undertaken for the project, the adaptation
measures adopted as part of the project, and how the desired performance outcomes have been met.
Table 22-1 sets out the assessment requirements as provided in the SEARs relevant to climate
change risk and identifies where the requirements have been addressed in this environmental impact
statement (EIS).
Table 22-1 SEARs – Climate change risk
Assessment requirements

Where addressed

1. The Proponent must assess the risk and vulnerability of
the project to climate change in accordance with the current
guidelines.

This chapter presents a climate change risk assessment for
the project in accordance with current guidelines as listed in
section 22.1.

2. The Proponent must quantify specific climate change
risks with reference to the NSW Government’s climate
projections at a 10km resolution (or lesser resolution if
10km projections are not available) and incorporate specific
adaptation actions in the design.

Climate change risks to the project are identified in section
22.3 and section 22.4. Climate change projections used to
inform the risk assessment are discussed in section 22.2.2
and Appendix O (Methodologies).

The project SEARs for flooding, addressed in Chapter 18 (Surface water and flooding), also identify
the need to consider changes in rainfall intensity and sea level rise due to climate change. Section
22.5 includes discussion of how climate change has been incorporated in flood modelling and
drainage design for the project.
The assessment set out in this chapter considers the impact of climate change on the project, as well
as the project’s contribution to future climate change through the assessment of greenhouse gas
(GHG) emissions generated from the construction and operation of the project.

22.1

Assessment methodology

22.1.1

Climate change risk assessment

The climate change risk assessment follows the approach set out in the draft Technical Guide: Climate
Change Adaptation for the Road Network1 (Technical Guide). Use of the Technical Guide ensures
consistency with Roads and Maritime’s planned approach to climate change adaptation across the
road network.
In addition to the Technical Guide, the climate change risk assessment has been conducted in line
with the following relevant standards and current guidelines:
•

The risk assessment approach set out in AS/NZS ISO 31000:2009 Risk Management – Principles
and Guidelines and ISO/IEC 31010 Risk Management – Risk assessment techniques

•

AS 5334-2013 Climate change adaptation for settlements and infrastructure – A risk based
approach, which follows ISO 31000:2009 Risk Management – Principles and guidelines

•

Australian Government, Climate Change Impacts & Risk Management – A Guide for Business
and Government, Australian Government (2006)

•

Guideline for Climate Change Adaptation, Revision 2.1, Australian Green Infrastructure Council
(2011)

•

Guidelines for Risk Management (Roads and Maritime 2014).

The climate change risk assessment approach is shown in Figure 22-1.
These steps, and the risk assessment criteria used to assess risks to the project, are described in
detail in Appendix O (Methodologies).

1

Roads and Maritime Services (2015) draft Technical Guide: Climate Change Adaptation for the Road Network
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As part of the screening process, a multidisciplinary workshop was held with key members of the
project design and planning team to identify and validate climate change risks specific to the project.
The climate change risk screening for the project is provided in Appendix O (Methodologies).

change risk assessment approach

•
•
,- • -

1: PRE-SCREENING
Is the project/asset/service likely to
be impacted by climate change?

Climate
adaptation not
required

.

2: RISK SCREENING
Identify the aspects of the project/
asset/service with potential to be
impacted by climate change

3: RISK ASSESSMENT
Identify the likelihood and
consequences of climate risk and
establish a 'risk ranking '

4: RISK EVALUATION
Decide on the most important risks
requiring treatment

Negligible and
low risks

Medium, high, and
extreme risks

5: RISK TREATMENT/
ADAPTATION
Consider, select, appraise and
implement the options available to
address these risks . Assess cost of
residual risk

-• -

Figure 22-1 Climate change risk assessment approach
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22.1.2

Greenhouse gas assessment

The GHG assessment methodology is based on relevant GHG reporting legislation and international
reporting guidelines, including:
•

Greenhouse Gas Protocol: A Corporate Accounting and Reporting Standard (World Council for
Sustainable Business Development and World Resources Institute 2005)

•

National Greenhouse and Energy Reporting Act 2007 (Commonwealth)

•

AS/ISO 14064.1:2006 Greenhouse Gas Part 1: Specification with guidance at the organisational
level for quantification and reporting of greenhouse gas emissions and removals

•

The current Australian National Greenhouse Accounts: National Greenhouse Accounts Factors
(NGA Factors) (Department of the Environment July 2017)

•

Greenhouse Gas Assessment Workbook for Road Projects (the TAGG Workbook) (Transport
Authorities Greenhouse Group (TAGG) 2013).

The TAGG was formed by Australian state road authorities, including NSW Roads and Maritime
Services, and the New Zealand Transport Agency as a collaborative effort to share information
regarding the estimation, reporting and minimisation of GHG emissions. The TAGG Workbook
provides a consistent methodology for estimating the GHG emissions from activities that may
contribute significantly to the overall emissions associated with the construction, operation and
maintenance of road projects. The TAGG Workbook has been adopted for the project.
To calculate the potential GHG emissions associated with the project, the following steps were
followed:
1.

Define the assessment boundary and identify potential sources of GHG emissions associated
with the project

2.

Determine the quantity of each emission source (fuel and electricity consumed, vegetation
cleared, construction materials used and waste produced)

3.

Quantify the potential GHG emissions associated with each GHG source, using equations and
emission factors specified in the NGA Factors and the TAGG Workbook

4.

Present the potential GHG emissions associated with the project.

Appendix O (Methodologies) provides a detailed description of the GHG assessment methodology,
including the emissions factors used for all emission sources, and detailed calculation methods used
to estimate the GHG emissions from fuel combustion, electricity consumption, vegetation removed,
materials use and waste.
GHG emissions are reported in this assessment as tonnes of carbon dioxide equivalent (t CO2-e).

22.2

Existing environment

GHGs are gases in the atmosphere that absorb and re-radiate heat from the sun, thereby trapping
heat in the lower atmosphere and influencing global temperatures. Emissions of GHGs into the
atmosphere are caused by both natural processes (e.g. bushfires) and human activities (e.g. burning
of fossil fuels).
Since the industrial revolution there has been an increase in the amount of GHGs emitted from human
activities, which has increased the global concentration of GHGs in the atmosphere. This has led to an
increase in the Earth’s average surface temperature2.
The NSW Government has acknowledged that despite efforts to reduce GHG emissions, some climate
change is now inevitable. Adapting to these changes is necessary to minimise the impacts of climate
change on the natural and built environments and the NSW communities and economy.

2

Intergovernmental Panel on Climate Change (IPCC) (2013) Fifth Assessment Report
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The Fifth Assessment Report (AR5) of the Intergovernmental Panel on Climate Change (IPCC)2 states
with high confidence that Australia is already experiencing impacts from climate change. Observed
trends include changes in the frequency of air temperature extremes, changes in mean and extreme
rainfall, changes in the frequency and intensity of storm events, increases in bushfire weather
conditions, ocean warming, ocean acidification and sea level rise.
In 2015, the Commonwealth Scientific and Industrial Research Organisation (CSIRO) and the
Australian Bureau of Meteorology (BoM) released an assessment of observed climate change and
projected future changes in Australia over the 21st century3. This recent assessment confirms the
long-term warming trend, showing that in Australia, the average surface air temperature has increased
by 0.9°C since records began in 1910, with most of the warming occurring since 1950. Australia’s
warmest year since 1910 was 20133.

22.2.1

Climate change and greenhouse gas policy setting

National policy
In 2015 the Australian Government announced its commitment to a target of reducing GHG emissions
by 26 to 28 per cent below 2005 levels by 2030, building on its previous target of five per cent below
2000 emission levels by 2020, irrespective of what other countries do. The Australian Government
submitted this new target as its intended nationally determined contribution to the United Nations
Framework Convention on Climate Change (UNFCCC) for negotiation at the 21st Conference of the
Parties (COP21) held in Paris in December 2015. The Australian Government ratified its commitment
to the Paris Agreement on 9 November 2016.
The Australian Government’s Direct Action Plan sets out how the 2030 emissions reduction target will
be achieved. The Emissions Reduction Fund, as part of the Direct Action Plan, aims to reduce
Australia’s GHG emissions by creating positive incentives to adopt better technologies and practices
to reduce emissions.
In 2015, the Australian Government released the National Climate Resilience and Adaptation Strategy,
which recognises Australia’s vulnerability to climate change and provides a set of principles to guide
effective adaptation and build the resilience of Australia’s communities, economy and environment.
The guiding principles include priorities for:
•

Shared responsibility and collaboration among stakeholders

•

Climate risk factored into decision making

•

A risk management approach based on the best available scientific data

•

Assisting the vulnerable

•

Monitoring decisions and outcomes over time.

The Strategy identifies the need to consider future climate and extreme weather events in the design
and construction of infrastructure, and references the Australian Government’s Critical Infrastructure
Resilience Strategy: Policy Statement (2015), which aims for the continued operation of critical
infrastructure and essential services in the face of all hazards.
In 2017 the Australian Government completed a review of national climate change policies4 and
reported that Australia is on track to meet its 2030 emissions reduction target, while maintaining
economic and population growth.

State policy
In 2016, the NSW Government released a new Climate Change Policy Framework, which aims to
maximise the economic, social and environmental wellbeing of NSW in the context of a changing
climate, including the development and implementation of a Draft Climate Change Fund Strategic Plan
2017–2022 and a Draft Plan to Save NSW Energy and Money.

3
4

CSIRO & BoM (2015) Climate Change in Australia
Australian Government Department of the Environment and Energy (2017) 2017 Review of Climate Change Policies

F6 Extension Stage 1 from New M5 Motorway at Arncliffe to President Avenue at Kogarah

22-4

Chapter 22 – Climate change and greenhouse gas

The Draft Climate Change Fund Strategic Plan 2017–2022 sets out priority investment areas for
funding over the next five years, including funding for actions to prepare NSW for a changing climate.
As part of this priority investment area, the Plan identifies actions for reducing the costs to public and
private assets arising from climate change, reducing the impacts of climate change on health and
wellbeing, particularly for vulnerable communities, and managing the impacts of climate change on
natural resources, natural ecosystems and communities.
The Draft Plan to Save NSW Energy and Money is proposed to meet the NSW Government’s energy
efficiency target of 16,000 gigawatt hours of annual energy savings by 2020 and contribute to the
Climate Change Policy Framework’s aspirational target of NSW achieving net-zero emissions by 2050.
The draft plan summarises the preferred options for achieving the State’s energy savings target, which
include opportunities for implementing energy standards for State significant developments and major
infrastructure projects such as road tunnels.
Further discussion of the policy setting for climate change mitigation and GHG emissions reduction is
summarised in Chapter 23 (Sustainability).

22.2.2

Impacts of climate change on road infrastructure

The main impacts relevant to road network and infrastructure assets are associated with an increase
in the intensity of extreme rainfall (which can increase the risk of flooding or landslides and exacerbate
damage to pavements), and sea level rise (which is likely to exacerbate coastal erosion, cause an
increase in storm surges and coastal flooding and may eventually lead to long-term inundation and
loss of land). The largest impacts are likely to be borne by surface roads in low-lying areas or those
with steep gradients, and by coastal infrastructure in areas exposed to coastal erosion and storm
surges.
The nature of the project, primarily comprising underground tunnel infrastructure, is likely to offer
protection from a number of climate impacts (e.g. solar radiation, rainfall, storm events, urban heat
island), however the associated surface infrastructure including tunnel interchanges and project
buildings are likely to be susceptible to these impacts.

22.2.3

Climate change projections

An assessment of the risk of climate change requires an understanding of the current climate using
historical data for comparison with future climate scenarios. In order to assess the risk to the project
posed by climate change, the current climate science and model projections have been investigated
using information published by CSIRO and BoM in 2015, available through their Climate Change in
Australia portal (https://www.climatechangeinaustralia.gov.au). Further detail regarding the selection of
climate change projections for the project is provided in Appendix O (Methodologies).

Future timescales
Given the expected design life of the infrastructure, proposed project construction timeframe and the
available climate data, the time periods selected for assessment were 2030 (an average of the period
2020–2039) and 2090 (an average of the period 2080–2100). Climate change projections for 2030
were identified as appropriate for assessment of short term impacts of climate change, while
projections for 2090 are relevant to the longer term operation and maintenance stages of the project.

Emissions scenarios
Projections are presented for two emission scenarios or possible pathways, referred to as
‘representative concentration pathways’ (RCPs), each reflecting a different concentration of global
greenhouse gas emissions. The two RCPs reported here are moderate emissions (RCP4.5) and high
emissions (RCP8.5).
A summary of projections for 2090, for the high emissions scenario, is provided in Figure 22-2.
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22.3

Potential impacts – construction

22.3.1

Climate change risk evaluation

Climate change projections for the near future (2030) are considered relevant to the project’s
proposed construction timeframes, planned for the period between 2020 and 2024.
Table 22-2 identifies potential climate change risks to project construction, with a risk rating of medium
or higher. A total of four risks were identified, three of which were high risks and one medium.
Table 22-2 Climate change risks to project construction (2030) prior to mitigation

Risk scenario

Likelihood

Consequence

Risk rating

Medium

High

High

Medium

High

High

Increase in frequency and intensity of extreme heat events
increases the risk of heat stress conditions for construction
personnel, resulting in increased work health and safety risks
and potential delays to project program.

Medium

High

High

Increase in frequency and intensity of extreme heat events
with increased risk to the quality of the concrete pouring
process, resulting in program delays.

Medium

Medium

Medium

Extreme rainfall
Increase in the intensity and frequency of extreme rainfall,
combined with sea level rise, leads to localised flooding of
project construction sites and ancillary facilities resulting in
delays to project program.
Storm events
Increase in the intensity and frequency of storm events leads
to unsuitable conditions for undertaking construction works,
requiring stop work procedures to be implemented for the
safety of construction personnel, resulting in delays to
project program.
Extreme heat

22.3.2

Greenhouse gas emissions

Emission sources are categorised into the following three ‘scopes’:
•

Scope 1 – direct emissions: GHG emissions generated by sources owned or controlled by the
project, for example emissions generated by the use of diesel fuel in project-owned construction
plant, equipment or vehicles

•

Scope 2 – indirect emissions: GHG emissions from the consumption of purchased electricity in
project-owned or controlled equipment or operations. These GHG emissions are generated
outside the project’s boundaries, for example the use of electricity purchased from the grid

•

Scope 3 – indirect upstream/downstream emissions: GHG emissions generated in the wider
economy due to third party supply chains and road users as a consequence of activity within the
boundary of the project, for example GHG emissions associated with the mining, production and
transport of materials used in construction (referred to as the embodied energy of a material).

It is estimated that the project would generate about 535,000 t CO2-e during construction. The
breakdown of emissions by scope is shown in Figure 22-3 and summarised (with numbers rounded to
the nearest thousand tonnes) as:
•

85,000 t CO2-e of Scope 1 (direct) GHG emissions

•

63,000 t CO2-e of Scope 2 (indirect) GHG emissions

•

387,000 t CO2-e of Scope 3 (indirect) GHG emissions.

Key emissions sources during project construction are shown in Table 22-4 and Figure 22-3.
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Table 22-3 Construction GHG emissions

Emissions source

GHG emissions (t CO2-e)
Scope 1

Scope 2

Scope 3

Total

% of total

Diesel – mobile plant and equipment

57,155

-

2,918

60,074

11.2%

Diesel – transport of materials, spoil and
waste to/from site

24,660

-

1,259

25,919

4.8%

Petrol – project light vehicles and transport of
construction workforce to/from site

3,111

-

166

3,277

0.6%

-

62,563

9,045

71,609

13.4%

Concrete

-

-

70,207

70,172

13.1%

Steel

-

-

105,221

105,221

19.7%

Aggregate

-

-

385

385

0.1%

Asphalt

-

-

870

870

0.2%

Copper

-

-

1,545

1,545

0.3%

Plastic (PVC)

-

-

145

145

0.0%

321

-

-

321

0.1%

General Solid Waste

-

-

194,740

194,740

36.4%

Construction and demolition waste

-

-

580

580

0.1%

Total

85,247

62,563

387,081

534,891

100%

% of total

15.9%

11.7%

72.4%

100%

Fuel use

Electricity
Electricity consumption
Construction materials

Land use change
Vegetation removal
Waste

Notes:
1 Results may not add up to totals due to rounding of emissions to the nearest whole number.

The results demonstrate that the majority of GHG emissions associated with the construction of the
project are attributed to indirect Scope 3 emissions (72.4 per cent), followed by direct Scope 1
emissions (15.9 per cent).
As shown on Figure 22-3, emissions associated with the decomposition of waste contributes the
largest proportion of indirect Scope 3 emissions, accounting for around 36.5 per cent of these
emissions. This is due to the cut and cover excavation through areas of existing landfill, which will
require quantities of general solid waste to be transported to landfill. The embodied energy associated
with the offsite mining, production and transport of construction materials that would be used for the
project also contributes a high proportion of indirect Scope 3 emissions, accounting for around 33.4
per cent of these emissions. The use of concrete and steel would contribute significantly to Scope 3
emissions. The high proportions of emissions associated with these materials are attributed not only to
the quantity required for the construction of the project, but also the emissions-intensive processes
involved in the extraction and production of these materials. The cut and cover excavation and
diaphragm walls for project construction require additional quantities of steel reinforcement, compared
with other recent tunnelling projects in Sydney.
Figure 22-3 illustrates the breakdown of construction emissions by emission source and scope. The
consumption of diesel fuel associated with the operation of mobile construction plant and equipment
onsite contributes the largest proportion of Scope 1 emissions (67 per cent), followed by the
consumption of fuel for heavy vehicle movements for the haulage of spoil, construction materials and
waste (29 per cent). Indirect Scope 2 emissions from the use of electricity are estimated to account for
around 11.7 per cent of total emissions during construction.
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Figure 22-3 Construction GHG emissions by scope and emissions source

22.3.3

Cumulative construction impacts

The nature of the project, primarily comprising underground tunnel infrastructure, is likely to offer
protection from a number climate impacts (e.g. solar radiation, rainfall, storm events, urban heat
island), however, the construction of surface infrastructure, including tunnel interchanges, surface road
upgrades and project buildings, and the project’s construction compounds are likely to be susceptible
to such impacts.
The vulnerability and exposure of project infrastructure would be specific to the location of each
surface element. As a result, the cumulative climate change risks are considered to occur at locations
where project construction would overlap with construction of other major infrastructure projects,
namely the New M5 Motorway construction compound at Arncliffe. Cumulative climate change risks
would be associated with an increase in extreme climate events and delays to respective construction
programs, resulting in a cumulative increase in the duration of construction periods.
Climate change risk assessments undertaken for each project would address risks specific to each
project respectively.
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The project would contribute to the cumulative generation of GHG emissions from construction of
major infrastructure projects and would contribute to NSW and Australian GHG emissions inventories.
Construction emissions estimated to be generated by the project would represent around 0.10 per
cent of the Australian national inventory for the year September 2016 to September 20175, and around
0.41 per cent of the NSW inventory for 20166. Mitigation and management measures would be
implemented during each project to minimise GHG emissions during construction.

22.4

Potential impacts – operation

22.4.1

Climate change risk evaluation

The climate change risk assessment identified a total of 27 direct and indirect risks to the project. Of
these risks, seven high and six medium risks were identified, as summarised in Table 22-4. Risks in
Table 22-4 are assessed prior to consideration of adaptation measures, which are detailed in section
22.5. A residual risk assessment is presented in section 22.6.
Table 22-4 Climate change risks to project operation (2030 to 2090) prior to mitigation

Risk scenario

Likelihood

Consequence

Risk rating

High

Medium

High

Reduced performance of the surface drainage system at
President Avenue interchange due to increased runoff causing
localised flooding and inundation as a result of an increase in the
intensity and frequency of extreme rainfall, combined with sea
level rise (and increased extreme sea levels during storm surges).

Medium

High

High

Reduced performance of the tunnel drainage system due to an
increase in groundwater filtration, leading to reduced capacity of
sumps and the pumping system resulting in localised flooding as a
result of an increase in the intensity and frequency of extreme
rainfall.

Medium

Medium

Medium

Reduced performance and/or failure of the water treatment
system (particularly the submerged discharge infrastructure into
Cooks River and Botany Bay) due to saline intrusion and
deterioration as a result of sea level rise.

Medium

Medium

Medium

Inundation / flooding of landscaped areas, particularly throughout
Rockdale Bicentennial Park and the Scarborough Ponds, due to
an increase in the intensity and frequency of extreme rainfall,
combined with sea level rise (and increased extreme sea levels
during storm surges).

Medium

Low

Low

Safety risk to users of the shared cycle and pedestrian pathways
due to flooding as a result of an increase in the intensity and
frequency of extreme rainfall, combined with sea level rise.

Medium

Medium

Medium

Power outages impacting electrical systems (such as pumping
stations) resulting from increased flooding as a result of an
increase in the intensity and frequency of extreme rainfall,
combined with sea level rise (and increased extreme sea levels
during storm surges).

Medium

Medium

Medium

Extreme rainfall, sea level rise and storm events
Exacerbated local flood risk to the President Avenue portal exits
and surface facilities as a result of the increase in the intensity
and frequency of extreme rainfall, combined with sea level rise
(and increased extreme sea levels during storm surges).

5
Australian Government Department of the Environment and Energy (2018) Quarterly Update of Australia’s National
Greenhouse Gas Inventory: September 2017
6
Australian Government Department of the Environment and Energy (2018) State and Territory Greenhouse Gas Inventories
2016 (the most recently available emissions inventory for Australia’s States and Territories)
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Risk scenario

Likelihood

Consequence

Risk rating

Failure of the water treatment plant due to water inflow exceeding
capacity as a result of increased intensity and frequency of
extreme rainfall.

Medium

Medium

Medium

Increased road incidents and safety risk to operational personnel
and road users as a result of an increase in the intensity and
frequency of extreme rainfall.

Low

High

Medium

Adverse impacts to landscaped areas, such as the reinstated
parklands, as a result of a decrease in mean rainfall and increase
in mean surface temperature and the intensity and frequency of
extreme heat events.

Low

Low

Negligible

Increased risk of reduced tunnel ventilation system performance
due to increased occurrence and risk of dust storms as a result of
a decrease in mean rainfall combined with an increase in mean
surface temperature and the frequency and intensity of extreme
heat events.

Low

Medium

Low

Increased risk of vehicle breakdown within the tunnel (due to
vehicle overheating) as a result of the increase in the frequency
and intensity of extreme heat.

Low

Low

Negligible

Increased risk of heat stress for operational personnel due to an
increase in the frequency and intensity of extreme heat events.

Medium

High

High

Increased risk of heat stress for users (pedestrians and bicyclists)
using the shared cycle and pedestrian pathways as a result of the
increase in frequency and intensity of extreme heat events.

Medium

High

High

Accelerated deterioration of road pavement due to an increase in
the frequency and intensity of extreme heat events.

Low

Low

Negligible

Medium

Low

Low

Accelerated deterioration of ventilation facilities due to corrosion
and thermal expansion of steel and concrete structures as a result
of increased atmospheric CO2 and the frequency and intensity of
extreme heat events.

Low

Low

Negligible

Accelerated deterioration of bridge structures (shared pedestrian
and cyclist bridge) and surface pavement (President Avenue) due
to corrosion and thermal expansion of steel and concrete
structures and protective coatings as a result of increased
atmospheric CO2 and the frequency and intensity of extreme heat
events.

Low

Low

Negligible

Accelerated deterioration of the surface drainage system due to
corrosion and thermal expansion of steel and concrete structures
as a result of increased atmospheric CO2 and the frequency and
intensity of extreme heat events.

Low

Low

Negligible

Accelerated deterioration of tunnel drainage system due to
corrosion of steel and concrete structures as a result of increased
atmospheric CO2 and the frequency and intensity of extreme heat
events.

Low

Low

Negligible

Mean rainfall and mean temperature

Extreme heat

Bushfire
Reduced performance of the tunnel ventilation system (impacting
road users) due to smoke pollution as a result of increased
frequency and intensity of bushfire events.
Atmospheric CO2
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Risk scenario

Likelihood

Consequence

Risk rating

Structural stability concerns of elevated bridge structures along
the shared cycle and pedestrian pathways being adversely
affected by changes in wind speed.

Negligible

Low

Negligible

Tunnel ventilation facility experiencing adverse performance
impacts due to changes in wind speed.

Negligible

Negligible

Negligible

Failure of power supply infrastructure due to fire damage to the
electricity network as a result of increased frequency and intensity
of bushfires, with associated risk of power outages for the project.

Medium

High

High

Extreme heat leading to increased power demand and/or
faults/failure of power infrastructure resulting in interruptions to
power supply with increased frequency and duration of power
outages.

Medium

High

High

Storm events leading to damage to power supply infrastructure or
a need to cut supply resulting in interruptions to power supply with
increased frequency and duration of power outages.

Medium

High

High

Failure of the communications network due to direct fire risk as a
result of increased frequency and intensity of bushfire events.

Medium

Low

Low

Extreme heat leading to decreased efficiency and outages of
telecommunications systems, resulting in loss of communications
for the facility.

Medium

Low

Low

Wind speed

Indirect risks

22.4.2

Greenhouse gas emissions

Activities that would generate GHG emissions during operation and maintenance of the project
include:
•

Road infrastructure operation: the use of electricity for powering tunnel lighting and ventilation,
operation of ventilation facilities, the operations and maintenance facility, water treatment,
substation cooling, street lighting, electronic signage and other associated electrical systems

•

Road infrastructure maintenance: diesel fuel use for the operation of maintenance equipment and
the use of materials for maintaining road pavement

•

Vehicles using the project during operation: use of the F6 Extension Stage 1 (New M5 Motorway,
Arncliffe to President Avenue, Kogarah) tunnels during operation and the change in traffic
volumes and traffic performance on alternative routes within the GHG assessment study area.

The GHG assessment results are presented in the following sections. The emission source data, and
any assumptions used to estimate the GHG emissions associated with operation and maintenance of
the project, are provided in Appendix O (Methodologies).

Operation and maintenance emissions
Annual operational emissions and emissions from major maintenance are estimated in Table 22-5.
.
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Table 22-5 Operation and maintenance GHG emissions

GHG Emissions

Emission source

Scope 1

Scope 2

Scope 3

Total

-

24,900

3,600

28,500

224

-

17

241

Cement

-

-

2

2

Steel

-

-

169

169

Aggregate

-

-

1,056

1,056

Bitumen

-

-

29

29

224

-

1,273

1,497

Annual operation emissions (t CO2-e per year)
Electricity consumption
Total maintenance emissions (50 year major maintenance) (t CO2-e)
Fuel use (diesel) – mobile plant and equipment
Maintenance
materials

Total maintenance emissions

Emission estimates for the use of fuel and materials for the maintenance of the road pavement are
based on one major rehabilitation of asphalt pavement with the top 150 millimetres replaced and five
per cent of pavement replaced for patching/repair every 50 years, and five per cent of concrete
pavement replaced with only the top layer requiring replacement every 50 years (in accordance with
‘typical’ maintenance activities given in the TAGG Workbook7).

Emissions from vehicles during operation
GHG emissions generated from the operation and maintenance of road infrastructure are relatively
small in comparison with the indirect emissions associated with the fuel consumed by vehicles using
the proposed road network within the study area.
To assess the Scope 3 (indirect) emissions associated with fuel consumed by vehicles using the
project and proposed road network within the study area, and to evaluate any potential GHG
emissions savings as a result of the project, the following operational scenarios, as presented in Table
22-6, were considered. The scenarios were modelled by combining future year demands with future
networks. 2026 was adopted as the project opening case for the project. The scenarios listed in Table
22-6 shows which projects were aligned with each scenario. Further description of these scenarios is
presented in Chapter 8 (Traffic and transport).

Operation - ‘Do minimum’

2026



Operation - ‘Do something’

2026



Operation - ‘Do minimum’

2036



Operation - ‘Do something’

2036

Operation - ‘Cumulative’

2036

7







































Beaches Link

Western Harbour
Tunnel

Sydney Gateway

NorthConnex

Kogarah to
Loftus

Year

Stage 1

Scenario

Existing road
network

F6 Extension

WestConnex
program of works

Table 22-6 Traffic modelling scenarios



Transport Authorities Greenhouse Group (TAGG) (2013) Greenhouse Gas Assessment Workbook for Road Projects
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The GHG assessment for operational road use involved calculation of the following inputs, using the
Roads and Maritime strategic traffic model outputs, industry default factors, current vehicle statistics
and fuel intensity projections as detailed in Appendix O (Methodologies):
•

Average speed for each road link

•

VKT for both light and heavy vehicles

•

Rate of fuel consumption

•

Total fuel quantity

•

Fuel quantity by fuel type (e.g. petrol, diesel, liquid petroleum gas (LPG)).

These inputs were then used to estimate the GHG emissions associated with changes in traffic
volumes on the road network within the study area as a result of the project, under different future
timeframes and project scenarios as identified in Table 22-6. Further detail regarding the calculation of
fuel use and GHG emissions is presented in Appendix O (Methodologies).
Table 22-7 shows the difference between the total GHG emissions generated in the ‘do minimum’
(without project) and ‘do something’ (with project) 2026 and 2036 scenarios, and the difference
between the total GHG emissions generated in the ‘do minimum’ (without project) and the ‘cumulative’
2036 scenarios.
Table 22-7 Road use GHG emissions

GHG
Study
Area

Difference between scenarios
(t CO2-e)

GHG emissions (t CO2-e)
Do Minimum
(without project)

Do Something
(with project)

Cumulative

Do Something –
Do Minimum

Cumulative
– Do
Minimum

2026

2036

2026

2036

2036

2026

2036

2036

Existing
road
network8

8,901,497

10,726,679

8,777,628

10,576,627

10,340,756

-123,869

-150,052

-385,922

F6
Extension

0

0

9,134

11,323

25,170

9,134

11,323

25,170

8,901,497

10,726,679

8,786,762

10,587,949

10,365,926

-114,735

-138,729

-360,753

Totals

Note: negative numbers indicate emissions savings

The results demonstrate the benefits of road tunnel usage in urban areas, where travel along a more
direct route at higher average speeds results in fewer GHG emissions being generated by road users,
as reduced congestion and stop-start driving reduces the fuel used by vehicles. Despite increases to
overall daily VKT on motorways and a reduction in performance of some non-motorway roads (as
discussed in Chapter 8 (Traffic and transport)), a reduction in GHG emissions is estimated as a result
of the project compared with the ‘do minimum’ scenario.
The predicted reduction in GHG emissions as a result of the project would be due to an improvement
in vehicle fuel efficiency for some links within the study area as well as the operational efficiency of the
project tunnels. Vehicle fuel efficiency is anticipated to improve as part of the project based on:
•

An overall increase in daily VKT and a reduction in daily vehicle hours travelled (VHT) on the road
network, with more trips able to be made on the network in a shorter time, primarily associated
with traffic using the new motorway tunnels

•

A decrease in VKT and VHT on key alternative routes and non-motorway roads

•

Increased average speeds as a result of the operational efficiency of the project tunnels, with
reduced number of intersections and frequency of stopping

•

Increased average speeds on key alternative routes (non-motorway roads) within the study area
due to reduced congestion.

8

Within the study area
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Emissions estimated to be generated during construction would result in a nett increase of emissions
generated for the project. However, annual operation and maintenance emissions estimated to be
generated would be offset against emissions savings for the ‘with project’ and ‘cumulative’ scenarios in
2026 and 2036, as a result of improved road performance within the study area boundary.
Emissions were not able to be extrapolated beyond the operational traffic scenarios modelled for the
project, which were assessed up to 2036. It is expected that the savings in emissions from improved
road performance attributed to the project would reduce over time as traffic volumes increase.
However, improvements in fuel efficiency of the vehicle fleet and increased uptake of electric vehicles
and autonomous vehicles in future9 are anticipated to reduce the dependence of vehicles on fossil
fuels, thereby reducing GHG emissions from road use.
Mitigation and management measures, including efficiencies incorporated into the project design to
reduce energy and resource requirements, are provided in section 22.5.

22.4.3

Cumulative operational impacts

Cumulative impacts associated with climate change risk would primarily occur as a result of
interdependencies between the project and the upstream and downstream environment. These
impacts may occur where the introduction of the project exacerbates climate change risks for receiving
environments. Examples of interdependencies for the project, which may be susceptible to climate
change risks, include:
•

Increased overland flow and changes to drainage lines associated with the project resulting in
increased risk of localized flooding and/or increased flows to receiving environments.

•

The project would contribute to a cumulative increase in impervious surfaces, however given that
the majority of project infrastructure would be below the surface in tunnels, this increase is not
anticipated to result in significant cumulative impacts.

•

Project infrastructure at surface locations would interact with existing drainage systems. The
design for project drainage infrastructure has been undertaken to account for the capacity of
these existing drainage systems, such that project drainage infrastructure has been designed to
meet or improve current drainage flows.

•

Induced demand associated with the project resulting in an increase in users through high flood
risk areas, such as President Avenue, with implications for emergency management during
extreme events.

•

Introduction of additional infrastructure as part of the project, contributing to the “urban heat island
effect” and an increase in local average temperatures. However given that the majority of project
infrastructure would be below the surface in tunnels, this increase is not anticipated to result in
significant cumulative impacts.

Adaptation measures identified in section 22.5 would improve the project’s resilience to climate
change and reduce potential interdependencies and cumulative climate change risks. The
implementation of adaptation measures to address climate change risks provides opportunities to
improve the resilience of infrastructure within the Sydney region as a whole.
The transport sector contributes about 18 per cent of Australia’s total GHG emissions10. Around 90 per
cent of these emissions are considered to be attributed to the combustion of fuel for road transport11.
Reducing the contribution of emissions from road transport would therefore have a significant impact
on emissions reduction for the transport sector, and for Australia’s overall emissions profile.
An assessment of GHG emissions for the cumulative 2036 scenario is included in section 22.4.2. The
magnitude of GHG emissions savings for the cumulative scenario is attributed to, not only an increase
in average speeds, but an increase in the number of vehicles shifting off non-motorway roads within
the study area as alternative routes become available through the completion of projects such as the
proposed future Sydney Gateway, Western Harbour Tunnel, Beaches Link and the F6 Extension
between Kogarah and Loftus.

9

Uptake of electric vehicles and autonomous vehicles was not considered (refer to Appendix O (Methodologies))
Australian Government Department of the Environment and Energy (2018) Quarterly Update of Australia’s National
Greenhouse Gas Inventory: September 2017
11
Climate Change Authority (2014); Maddocks et al. (2010)
10
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22.5

Management of impacts

This section presents adaptation measures that have been incorporated into the project’s design at the
time of preparation of the EIS, as well as additional adaptation options for further consideration during
the project’s detailed design.

22.5.1

Adaptation to climate change

As part of the project’s design development, consideration has been given to avoiding, minimising or
managing risks from future climate change, where possible.
As discussed in section 22.4.1, climate change risks identified as high for the project are associated
with an increase in the intensity of extreme rainfall and sea level rise. In order to assess the impact of
climate change on flood behaviour, sensitivity analyses were undertaken for increases in extreme
rainfall and sea level rise, with design refinements made to manage potential flood risks exacerbated
by climate change. Adaptation options incorporated into the design of the project include:

Construction
•

The indicative layouts of the temporary construction ancillary facilities have taken into
consideration the flood risk posed to the land, including increased flood risk due to climate
change. This includes identifying opportunities to provide setback from areas at risk of flooding,
locating uses considered more vulnerable to flooding − such as stockpile areas, chemical storage
areas, tunnel dives and deep excavations − away from areas of highest risk, and allowing
controlled flooding of suitable areas such as car parks, where feasible.

Operation
•

As discussed in Chapter 18 (Surface water and flooding), a Flood Management Strategy (FMS)
would be prepared to demonstrate how the risk of flooding to the project, as well as the impact it
would have on flooding behaviour under present day conditions would be mitigated during both
the construction and operational phases.

•

The design of the operational sites has taken into consideration the flood risk posed to the sites
and how to manage these risks, as appropriate. The process for establishing flood risk for the
project is outlined in Chapter 18 (Surface water and flooding). This has meant that mitigation
measures are already included as a consequence of the evolution of the project design.

•

Tunnel portals have been designed to ensure immunity from the greater of the PMF or 100 year
Average Recurrence Interval (ARI) event plus 0.5 metre freeboard. Where the portals lie within
the PMF extent, this would be achieved by appropriate flood protection measures. Refer to
management measures in Chapter 18 (Surface water and flooding) and Appendix M (Flooding
technical report) for further detail.

•

To accommodate increased flows as a result of the project, the design includes upgrade of
existing drainage infrastructure on President Avenue between O’Connell Street and Oakdale
Avenue.

•

Consideration has been given to flood risks to cyclists and pedestrians and the shared cycle and
pedestrian pathways have been designed with a minimum of one exceedance per year level of
flood immunity.

•

The project corridor and design of portals and surface ancillary facilities have been refined to
minimise impacts on the Rockdale Recreation Corridor and associated green space.

•

Consideration of increased extreme heat events has been incorporated into the urban design of
project surface infrastructure and areas of open space created by the project, including provision
of areas of respite and drinking fountains, where possible.

•

Landscaping has been designed to include consideration of users of the shared cycle and
pedestrian pathways and the increasing need for shading and areas of respite during extreme
heat events.

•

The design reduces power consumption associated with tunnel ventilation by locating the
ventilation facilities close to the mainline tunnel portals, thereby optimising the piston effect
generated by vehicles.

•

Backup power and other redundancy measures have been built in, to ensure temporary continuity
of powered infrastructure in the event of a power outage.
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•

Project infrastructure has been designed for long term performance and durability of structures,
increasing asset design lives and reducing the frequency of maintenance activities.

22.5.2

Adaptation options for consideration during detailed design

Table 22-8 Environmental management measures – climate change adaptation
No.

Environmental management measures

Timing

CC1

A review of the climate change risk assessment will be undertaken during detailed
design, with adaptation actions implemented to address extreme and high risks.
Adaptation measures for medium risks will be considered and implemented where
reasonable and feasible.

Detailed design

CC2

The increased potential for heat stress among construction personnel will be
considered when refining construction Work Health and Safety Management Plans.
Measures will be implemented to create greater awareness and education of
personnel around health and wellbeing during periods of extreme heat.

Construction

CC3

The projected increase in the intensity and frequency of extreme rainfall, which may
lead to exacerbated risk of road incidents, will be considered during detailed design.

Detailed design

CC4

Implementation of operational procedures will be considered for surface connections to
increase safety during extreme rainfall events, including the potential use of variable
speed signs and reduced speed limits.

Detailed design

CC5

Emergency management planning will include consultation and collaboration with
other key agencies to enable a coordinated response.

Detailed design

CC6

Emergency management procedures will consider worst case scenarios with multiple
events (e.g. evacuation of the tunnel required during a storm/ flash flood event).

Detailed design

CC7

The upgrade of bus stop facilities on President Avenue in proximity to the tunnel
portals to incorporate shading/ areas of respite for commuters will be considered
during detailed design.

Detailed design

CC8

Roads and Maritime will consider the possibility of using treated water, normally
discharged to waterways to irrigate green space (if feasible) in proximity to the project
to provide cooling, particularly during periods of extreme heat. This approach will
depend on suitability and salinity of water and potential for reuse.

Detailed design

Notes:
1

22.5.3

During the consideration of any of the above management measures, analysis of costs and benefits should be
undertaken.

Reducing greenhouse gas emissions

Reducing emissions through design
The design of the project has been optimised such that measures to reduce energy and resource
requirements, and therefore GHG emissions, are inherent in the design. Design development has
been optimised, as discussed in Chapter 5 (Project alternatives and options) and would include:
•

Refinement and revision of the alignment of the mainline tunnels, thereby reducing construction
risk and costs, the volume of spoil generated, materials used, and emissions generated from
operational road use by vehicles.

•

Reduced energy and resource consumption, and spoil generation, during tunnel excavation,
through selection of roadheaders and drill and blast for excavation, as opposed to the use of a
tunnel boring machine. The latter option consumes more electricity, potable water and concrete,
and generates more spoil.

•

Optimal tunnel ventilation power consumption by locating the ventilation facilities close to the
main alignment tunnel portals, thereby optimising the piston generated vehicle effect

•

Optimal vertical alignment and grade of project tunnels and portals to allow consistent vehicle
speeds to be maintained, thereby improving vehicle fuel efficiency.

•

Mainline tunnels and the associated surface road network designed for long term performance
and durability of materials, increasing asset design lives and reducing the frequency of
maintenance activities.
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•

Improvements to pedestrian and cyclist paths with provision of new shared cycle and pedestrian
pathways, linking existing active transport networks and reducing the need for reliance on road
transport between these communities.

Greenhouse gas management measures
Table 22-9 provides a list of mitigation measures to be incorporated during the construction and
operation of the project, to further reduce the GHG emissions generated by the project.
Table 22-9 Environmental management measures – climate change adaptation
No.

Environmental management measures

Timing

GG1

Targets to reduce GHG emissions, including the use of GreenPower and/or other renewable
energy sources, will be included as part of the project’s Sustainability Management Plan to assist
in achieving ‘Design’ and ‘As Built’ ratings of Excellent under the Infrastructure Sustainability
Council of Australia infrastructure rating tool.

Detailed
design

GG2

An updated GHG assessment based on detailed design will be undertaken for ongoing monitoring
and review of emissions during construction.

Detailed
design

GG3

Energy efficiency will be considered during the design of mechanical and electrical systems such
as the tunnel ventilation system, tunnel lighting, water treatment systems and electronic toll and
surveillance systems. Energy efficient systems will be installed where reasonable and practicable.
The installation and use of solar power on operational infrastructure will be considered as part of
detailed design, in order to improve the operational energy efficiency of the project.

Detailed
design

GG4

Opportunities to use low emission construction materials, such as recycled aggregates in road
pavement and surfacing, and cement replacement materials will be investigated and incorporated
where feasible and cost-effective.

Construction

GG5

Construction site layouts will be designed to reduce travel distances and double handling of
materials so as to reduce fuel usage and emission generation.

Construction

GG6

Construction plant and equipment will be well maintained to allow for optimal fuel efficiency.

Construction

GG7

Raw materials will be managed to reduce energy requirements for their processing. For example,
stockpiled materials will be covered or provided undercover storage where possible to reduce
moisture content of materials, and therefore the process and handling requirements.

Construction

GG8

Locally produced goods and services will be procured where feasible and cost effective to reduce
transport fuel emissions

Construction
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22.6

Residual risk assessment

In line with volume.1.2 of the ISCA IS Rating Scheme Cli-2 criteria, adaptation options for all high and
extreme risks and a percentage of medium priority risks are identified with appropriate measures
implemented. Specifically, to comply with Cli-2 level 2 requirements between 25 – 50% of medium
risks must be treated. To comply with Cli-2 level 3 requirements at least 50% of medium priority risks
must be treated and the optimal scale and timing be addressed.
A residual risk assessment was undertaken to consider climate change risks to the project postmitigation, following the implementation of adaptation measures identified in section 22.5.1 and
section 22.5.2. Adaptation measures identified as part of this climate change risk assessment would
increase the project’s resilience to climate change, thereby reducing the consequence of potential
impacts and lowering residual risks.
Of the three high risks and one medium risk identified for project construction, proposed adaptation
measures have resulted in a residual risk rating of two medium risks and two low risks.
For project operation, proposed adaptation measures have resulted in all high risks lowered to a
residual risk rating of medium or low.
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Table 22-10 Residual risk to project construction (2030) after mitigation

Risk scenario

Original
risk rating

Likelihood

Consequence

Residual risk
rating

High

The indicative layouts of the temporary construction ancillary
facilities have taken into consideration the flood risk posed to the
land, including increased flood risk due to climate change. This
includes identifying opportunities to provide setback from areas at
risk of flooding, locating uses considered more vulnerable to
flooding − such as stockpile areas, chemical storage areas, tunnel
dives and deep excavations − away from areas of highest risk,
and allowing controlled flooding of suitable areas such as car
parks, where feasible.

Medium

Medium

Medium

High

The indicative layouts of the temporary construction ancillary
facilities have taken into consideration the flood risk posed to the
land, including increased flood risk due to climate change. This
includes identifying opportunities to provide setback from areas at
risk of flooding, locating uses considered more vulnerable to
flooding − such as stockpile areas, chemical storage areas, tunnel
dives and deep excavations − away from areas of highest risk,
and allowing controlled flooding of suitable areas such as car
parks, where feasible.

Medium

Medium

Medium

Medium

Low

Low

Medium

Low

Low

Adaptation / mitigation options

Extreme rainfall
Increase in the intensity and frequency of
extreme rainfall combined with sea level rise
leads to localised flooding of project construction
sites and ancillary facilities, resulting in delays to
project program.

Storm events
Increase in the intensity and frequency of storm
events leads to unsuitable conditions for
undertaking construction works, requiring stop
work procedures to be implemented for the
safety of construction personnel, resulting in
delays to project program.

Extreme heat
Increase in frequency and intensity of extreme
heat events increases the risk of heat stress
conditions for construction personnel, resulting
in increased work health and safety risks and
potential delays to project program.

High

Increase in frequency and intensity of extreme
heat events increases the risk to the quality of
the concrete pouring process, resulting in
program delays.

Medium

Consider the increased potential for heat stress among
construction personnel when refining construction Work Health
and Safety Management Plans. Implement measures for greater
awareness and education of personnel around health and
wellbeing during periods of extreme heat.
Construction contractor to consider appropriate level
of contingency in construction program planning to
account for increases in extreme heat events.
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Table 22-11 Residual risk to project operation (2030 to 2090) after mitigation

Risk scenario

Original
risk rating

Adaptation / mitigation options

Likelihood

Consequence

Residual
risk rating

High

Low

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Low

Low

Medium

Low

Low

Extreme rainfall, sea level rise and storm events
Exacerbated local flood risk to the President
Avenue portal exits and surface facilities as a
result of the increase in the intensity and
frequency of extreme rainfall, combined with sea
level rise (and increased extreme sea levels
during storm surges).
Reduced performance of the surface drainage
system at President Avenue interchange due to
increased runoff causing localised flooding and
inundation as a result of an increase in the
intensity and frequency of extreme rainfall,
combined with sea level rise (and increased
extreme sea levels during storm surges).
Reduced performance of the tunnel drainage
system due to an increase in groundwater
filtration, leading to reduced capacity of sumps
and the pumping system resulting in localised
flooding as a result of an increase in the
intensity and frequency of extreme rainfall.
Reduced performance and/or failure of the water
treatment system (particularly the submerged
discharge infrastructure into Cooks River and
Botany Bay) due to saline intrusion and
deterioration as a result of sea level rise.
Safety risk to users of the shared cycle and
pedestrian pathways due to flooding as a result
of an increase in the intensity and frequency of
extreme rainfall, combined with sea level rise.

High

High

Medium

Medium

Medium

Tunnel portals have been designed to ensure immunity from the
greater of the PMF or 100 year Average Recurrence Interval
(ARI) event plus 0.5 metre freeboard. Where the portals lie within
the PMF extent, this would be achieved by appropriate flood
protection measures.
To accommodate increased flows as a result of the project, the
design includes upgrade of existing drainage infrastructure on
President Avenue.

The project corridor and design of portals and surface ancillary
facilities have been refined to minimise impacts on the Rockdale
Recreation Corridor and associated green space to help
minimise groundwater filtration.

Water treatment plant operational treatment and drainage
infrastructure to be designed with consideration to the effects of
potential sea level rise.

The design of the operational sites has taken into consideration
the flood risk posed to the shared cycle and pedestrian pathways
and how to manage these risks, as appropriate.
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Risk scenario

Original
risk rating

Adaptation / mitigation options

Likelihood

Consequence

Residual
risk rating

Medium

Low

Low

Power outages impacting electrical systems
(such as pumping stations) resulting from
increased flooding as a result of an increase in
the intensity and frequency of extreme rainfall,
combined with sea level rise (and increased
extreme sea levels during storm surges).

Medium

Failure of the water treatment plant due to water
inflow exceeding capacity as a result of
increased intensity and frequency of extreme
rainfall.

Medium

Construction contractor to consider use of solar powered surface
water treatment options as a backup power source.

Medium

Low

Low

Medium

The design of the operational sites has taken into consideration
the flood risk posed to the sites and how to manage these risks,
as appropriate, including raising the base road level to account
for flooding.

Low

Medium

Medium

High

Consider the increased potential for heat stress among
construction personnel when refining construction Work Health
and Safety Management Plans. Implement measures for greater
awareness and education of personnel around health and
wellbeing during periods of extreme heat.

Medium

Medium

Medium

High

Consideration of increased extreme heat events has been
incorporated into the urban design of project surface
infrastructure and areas of open space created by the project,
including landscaped areas to increase shading and areas of
respite and reduce the absorption of heat by infrastructure,
where possible.
Landscaping has been designed to include consideration of
users of the shared cycle and pedestrian pathways and the
increasing need for shading and areas of respite during extreme
heat events.

Medium

Medium

Medium

Increased road incidents and safety risk to
operational personnel and road users as a result
of an increase in the intensity and frequency of
extreme rainfall.

Backup power and other redundancy measures have been built
in, to ensure temporary continuity of powered infrastructure in the
event of a power outage.

Extreme heat
Increased risk of heat stress for operational
personnel due to an increase in the frequency
and intensity of extreme heat events.

Increased risk of heat stress for users
(pedestrians and bicyclists) using the shared
cycle and pedestrian pathways as a result of the
increase in frequency and intensity of extreme
heat events.
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Risk scenario

Original
risk rating

Likelihood

Consequence

Residual
risk rating

High

Backup power and other redundancy measures have been built
in, to ensure temporary continuity of powered infrastructure in the
event of a power outage.

Medium

Medium

Medium

High

Backup power and other redundancy measures have been built
in, to ensure temporary continuity of powered infrastructure in the
event of a power outage.

Medium

Medium

Medium

High

Backup power and other redundancy measures have been built
in, to ensure temporary continuity of powered infrastructure in the
event of a power outage.

Medium

Medium

Medium

Adaptation / mitigation options

Indirect risks
Failure of power supply infrastructure due to fire
damage to the electricity network as a result of
increased frequency and intensity of bushfires,
with associated risk of power outages for the
project.
Extreme heat leading to increased power
demand and/or faults/failure of power
infrastructure resulting in interruptions to power
supply with increased frequency and duration of
power outages.
Storm events leading to damage to power
supply infrastructure or a need to cut supply
resulting in interruptions to power supply with
increased frequency and duration of power
outages.
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