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Aboriginal acknowledgement

Infrastructure Victoria acknowledges the traditional owners of country in Victoria and pays respect to their elders past

and present, as well as elders of other Aboriginal communities. We recognise that the state’s infrastructure is built on
land that has been managed by Aboriginal people for millennia.
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1. Executive summary

Mains or pipeline gas, commonly known as natural gas, plays a major role in Victoria. Since it was first turned on in
Melbourne in 1969, gas has heated our homes and offices, cooked much of our food and supported our electricity
system. We use gas for heat and as a raw input to support local manufacturing and industrial processes to generate
thousands of jobs. Victoria has a large gas network which extends across the state, with storage facilities to help meet
demand peaks and significant interconnections with other states. The Victorian gas network includes 1,900km of gas
transmission pipelines, 32,000km of gas distribution pipelines and assets valued at nearly $6 billion.

Natural gas is a fossil fuel made predominantly of methane, a greenhouse gas which contributes to global warming.
When natural gas is burnt to generate heat and energy, another greenhouse gas — carbon dioxide — is released. The
climate of Victoria has been getting warmer, with the mean annual temperature rising by just over 1°C from 1910 to
2018." Current projections show extreme events such as heatwaves, bushfires and heavy rainfall are expected to
become more frequent in the decades to come, with climate change posing a serious risk to the health and future
prosperity of all Victorians.

Victoria’s energy system must transform to reduce greenhouse gas emissions and limit the impacts of climate change.
The Victorian Climate Change Act 2017 establishes a system of coordinated, whole-of-economy actions to achieve a net
zero emissions target by 2050, including rolling five-year plans and targets to reduce emissions. In May 2021, the
government set interim targets to reduce the state’s greenhouse gas emissions from 2005 levels by 28-33% by 2025
and 45-50% by 2030. Reducing greenhouse gas emissions at the scale required to meet net zero emissions needs an
economy-wide response, including by the gas sector. The Victorian Government has asked Infrastructure Victoria to
provide advice on Victoria’s gas transmission and distribution networks in a future where Victoria’s net zero emissions
targets are achieved.

With cold winters and access to historically cheap, locally sourced supply, Victoria is currently heavily reliant on gas for a
range of purposes. Use of gas by over two million residential and commercial customers accounts for 53% of Victoria’s
total natural gas use, of which the majority is household use. Space heating, such as gas wall heaters and ducted
heating systems, makes up more than 75% of total household gas use, with winter gas use about three times higher than
summer.

The industrial sector is Victoria’s second-largest consumer of natural gas, accounting for 29% of total use. Of this, the
manufacturing sector is the biggest user, making up over two thirds of industrial use (or 21% of Victoria’s total). Gas also
plays a critical backstop function in electricity generation as its ability to quickly ramp production up and down can
balance variations in supply from other sources. This ‘firming’, or stabilising, role is likely to become more important as
the proportion of electricity supplied from renewable energy sources grows, although pumped hydro generation and
batteries are also able to perform this role. Victoria has 11 gas-fired power generation plants, which collectively meet
around 3% of the state’s electricity demand. Gas-powered electricity generation accounts for 17% of Victoria’s gas use.

The evidence gathered so far for this Infrastructure Victoria advice to the Victorian Government shows that significant
change is required to meet interim emissions reduction targets and reach net zero by 2050. A suite of approaches is
needed to reduce emissions, manage risks, minimise costs and create new opportunities for jobs and industry.

In developing our evidence base, we have considered four illustrative scenarios to achieve net zero emissions for gas
use in Victoria by 2050. The scenarios test key variables regarding the potential technology mix (electrification, natural
gas, hydrogen and biogas) and the mechanism by which net zero emissions can be achieved — that is, whether
emissions are eliminated or managed by solutions such carbon offsets and/or carbon capture and storage (CCS). The
scenarios illustrate the performance of these key variables but are not intended to be definitive or reflect an optimal
scenario. In brief, the four scenarios are:

* Scenario A: full electrification, no natural gas (by 2050), no CCS

e Scenario B: partial electrification, limited natural gas use (in 2050), limited CCS

e Scenario C: green and blue hydrogen with carbon offsets, electrification, no natural gas (by 2050), no CCS
e Scenario D: large-scale brown hydrogen, large-scale CCS, no natural gas (by 2050)

" Clarke JM et al (2019)



Our initial scenario analysis indicates that a diversified approach to gas sector decarbonisation is needed. No single
technology is a silver bullet, and not all technologies are ready to be deployed at scale. To reach the state’s interim
emissions reduction targets, an immediate scaling up of proven, reliable and relatively low-cost solutions is likely to be
required, including energy efficiency, electrification and biogas. Government can play a significant role in removing
barriers and enabling widespread uptake of these three proven pathways. The next phase of our work will include
refinement and analysis of scenarios that combine promising technologies and policies likely to help meet the state’s
interim emission targets.

Victoria’s natural gas production has historically been greater than its gas use. However, production is forecast to fall
43% from 2021 to 2025, introducing the possibility that the state’s gas use will exceed Victorian supply. While natural gas
can be imported to meet current demand or additional local production could be brought online, gas is a finite resource.
Natural gas is not the relatively cheap energy source for Victoria that it once was and its use contributes to greenhouse
gas emissions. Our research points to the importance of energy efficiency as a ‘no regrets’ measure to reduce demand,
whichever pathway ultimately leads to gas sector decarbonisation. Investing in energy efficiency can allow time for
consumer behaviour to change, as well as for further research and development into gas substitution and
decarbonisation technologies. Reducing overall demand for natural gas will also help preserve available supplies for
certain industrial uses which cannot yet move to other energy sources or chemical inputs.

Analysis of other jurisdictions highlights that electrification is a clear pathway to reduce gas use and associated
emissions, where the electricity used is generated from renewable sources. Countries including the United Kingdom and
the Netherlands are actively encouraging this approach. Whatever the future role for gas in electricity generation,
including in firming supply from renewable sources, there are significant opportunities to further decentralise electricity
supply and diversify the energy mix across multiple sectors, for example, in developing waste-to-energy and biogas
technologies.

Under all scenarios that we considered, the opportunity to repurpose existing natural gas infrastructure over the long
term (beyond 2040) is limited. Some existing infrastructure is reaching end of life, limiting its potential for reuse (for
example, over half of Victoria’s onshore pipeline infrastructure is over 40 years old). However, careful development,
blending and optimisation of biogas and hydrogen over the short to medium term could maximise re-use of some existing
pipeline infrastructure, although hydrogen production and use is not yet proven at scale.

The future of low or net zero emissions gases, such as hydrogen produced with renewable electricity and seawater
(known as green hydrogen), and decarbonisation pathways such as CCS remains uncertain. Victoria could support
further research and development in these technologies until their economic and environmental viability at scale is
known, with the aim of keeping Victoria’s options open rather than locking in a single approach which may not turn out to
be the best course of action.

Each of the scenarios we considered suggest that Victoria’s reliance on natural gas will decline significantly in the years
to 2050 in order to achieve net zero. Further expansion of natural gas infrastructure increases the risk of some assets
becoming unused or stranded. This could end up costing consumers more money as infrastructure owners attempt to
recover the cost of their investment more quickly. It could also lock in pathways which are not compatible with Victoria’s
net zero emissions targets.

The changes required to Victoria’'s energy sector, including gas, will have significant implications for consumers. These
may include switching fuel, upgrading appliances, adopting new technologies and increasing energy efficiency efforts.
The scale of the change required, and likely financial implications for energy users, suggest a clear role for government
in managing affordability and equity issues associated with any transition away from gas, particularly given existing
consumer concerns with energy affordability.

Other Australian and international jurisdictions are accelerating their emissions reduction commitments, backed up with
significant action. Victoria has recently released interim emissions reduction targets, along with the first round of five-
yearly sector pledges. However, opportunities remain to better align policies and regulation with net zero pathways, to
provide a strong framework for achieving both interim and net zero 2050 targets. This could set Victoria up to be an
exporter of low carbon goods, and potentially energy, given that several key trading partners have a carbon price or
ambitious emissions reduction targets.

Infrastructure Victoria is now seeking feedback on the information in this report so we can develop our final
recommendations to government on the future of Victoria’s gas infrastructure as the state moves towards net zero
emissions by 2050.
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2. Terms of reference

The Victorian Government requested advice on the nature and timing of decisions regarding Victoria’s gas transmission
and distribution networks in a future where:

* Victoria’s carbon emission reduction targets are achieved

* sufficient and suitable energy and chemical feedstocks are available for domestic, commercial and industrial use,
and

e an option is available for hydrogen and/or biomethane to be part of the future energy mix.

Infrastructure Victoria was asked to engage with industry, regulators, the community, government and other key
stakeholders in developing this advice, and to draw on international comparators and research. We were asked to
develop scenarios for a net zero emissions energy sector in 2050, and to assess the implications for gas production,
electricity generation, and transmission and distribution networks under each scenario.

The advice was requested in two parts:

1. Aninterim report, within six months of the request, setting out key early findings and evidence, significant risks
and/or opportunities, key issues for further consultation and the proposed strategic direction of the final advice (this
report).

2. Afinal report, supported by evidence and analysis, detailing the potential role for gas in Victoria’s future energy mix.
The final advice will consider the regulatory, policy and market settings that underpin gas production, transmission
and distribution, and identify potential timings for the infrastructure decisions needed to optimise opportunities for
existing gas infrastructure.

The full terms of reference are available on our website at infrastructurevictoria.com.au.

This report presents evidence that will underpin our final advice and outlines the key early findings. Feedback on the
evidence and analysis presented in this report will be considered before we provide our final advice to the Treasurer in
December 2021.

The focus of this request for advice is gas infrastructure in a future where Victoria achieves net zero greenhouse gas
emissions by 2050. We have therefore limited our analysis to the gas sector, its current greenhouse gas emissions and
the sector’s interplay with others (such as electricity generation, transport and manufacturing), rather than considering
how Victoria can reach its net zero emissions targets more broadly (which is the subject of recently announced interim
targets and pledges under the Victorian Climate Change Act 2017).

Similarly, our consideration of potential substitutes or decarbonisation pathways for natural gas in the future energy mix
focuses on those energy sources which can potentially replace the current role of natural gas, or sources which have the
potential to use existing gas infrastructure. While we have considered additional electrification as an alternative to natural
gas use, we have not analysed in detail different electricity generation mixes in a net zero emissions future for the energy
network. Potential development of nuclear as a new source of low carbon energy generation is explicitly out of scope for
this work, as it is prohibited by Victorian and Commonwealth legislation.

Work is underway across the Victorian Government to enable the legislated target of net zero emissions by 2050 to be
achieved. In developing this advice, Infrastructure Victoria has been asked to consider, complement and build upon


https://www.infrastructurevictoria.com.au/wp-content/uploads/2021/01/Infrastructure-Victoria_Advice_Gas-Infrastructure.pdf

existing Victorian and Australian government strategies, plans, policies and regulatory documents in relation to gas
infrastructure.

Our work will inform the Victorian Gas Substitution Roadmap, funded in the 2020-21 Victorian Budget and led by the
Department of Environment, Land, Water and Planning (DELWP). The Roadmap will detail transition pathways for the
gas sector and propose regulatory and policy mechanisms to achieve Victoria's emissions reduction targets through
reduced fugitive emissions, more efficient use of gas, electrification and increased use of hydrogen and biogas while
maintaining energy security, reliability, safety and affordability. The Roadmap will be developed over the course of 2021,
and a consultation paper setting out options to reduce emissions from gas use was released in June 2021.2 The advice
that Infrastructure Victoria provides the government will help inform the Roadmap’s development.

Our intention is to inform and complement, rather than duplicate, existing efforts led by DELWP. The focus of our work is
therefore to determine how Victoria’s existing and planned gas infrastructure can be best transitioned to a net zero
emissions future. In considering the nature and timing of decisions to support gas sector decarbonisation, we will take
into account the approach in other countries and interstate, and the potential for similar policies and approaches to be
adopted in Victoria.

2 Department of Environment, Land, Water and Planning (2021h)
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3. Our approach

Our advice takes a multi-disciplinary approach to research, drawing
on existing evidence and modelling where available. We have DECEMBER O REQUEST
engaged extensively with stakeholders to build our understanding of 2020 FOR ADVICE
the opportunities and challenges facing Victoria’s gas sector and
examined approaches from other Australian states and territories,
as well as international jurisdictions.

Our work has two main phases:

JUNE () EVIDENCE BASE

2021 REPORT

Early research has focused on gathering quantitative and qualitative

data to understand the key issues, players, current state and

possible futures.

The evidence we have gathered so far is presented in this report

and associated technical reports. We invite feedback in response to

this evidence base and our analysis. DECEMBER FINAL
2021 O REPORT

Literature review: A summary of key issues and opportunities
identified in current literature sourced from academia, industry,
think-tanks and governments to contribute to our understanding of the potential pathways towards net zero emissions for
Victoria’s gas infrastructure. This literature review was undertaken by Infrastructure Victoria.?

Interjurisdictional analysis: An assessment of other states, territories and countries currently transitioning away from a
high reliance on natural gas to understand the potential for the Victorian Government to adopt and adapt similar policies
and approaches. This interjurisdictional analysis was undertaken by Accenture.*

Scenario analysis: A qualitative analysis of the relative economic, social and environmental impacts of four illustrative
2050 net zero gas sector scenarios for Victoria. The scenarios illustrate the performance of key variables but are not
intended to be definitive or reflect an optimal scenario This scenario analysis was undertaken by a consortium of
technical experts led by DORIS Engineering.®

Technical work was undertaken on priority issues and to fill gaps in the available information. The full versions of all
reports are available on our website at infrastructurevictoria.com.au.

We will use quantitative social, environmental and economic analysis to understand the implications for Victoria of
refined scenarios, drawing on the results of those developed during phase 1, and to determine relevant decisions,
implications, policy levers and uncertainties. The refined scenarios will combine promising technologies and policies that
are likely to help meet the state’s interim emission targets.

This analysis, along with the feedback we receive in response to this report, will inform our recommendations. These will
also reflect our assessment of interstate and international actions by governments to guide the future of gas in the
energy mix. Our advice will identify the infrastructure decisions that need to be made, and consider the potential timing of
these decisions.

3 Infrastructure Victoria (2021) Gas Infrastructure Advice - Literature Review
4 Accenture (2021) Gas Infrastructure: International Comparisons, report prepared for Infrastructure Victoria
5 DORIS Engineering (2021) Net Zero Emission Scenario Analysis, report prepared for Infrastructure Victoria


https://www.infrastructurevictoria.com.au/project/infrastructure-victoria-advice-on-gas-infrastructure/

Infrastructure Victoria is committed to meaningful consultation with community and industry stakeholders and developing
our recommendations through an open, evidence-based and transparent process. The consultation program for this
advice includes two main phases.

The first phase of consultation ran from March to May 2021. Engagement activities in this first phase consisted of:

* targeted questionnaires to key stakeholders, with questions tailored to each stakeholder group (academics and think
tanks, government, consumer groups and industrial users, producers and distributors)

* one-on-one meetings with stakeholders.

We captured a broad representation of views from organisations and individuals across the gas sector, business,
industry and government. Their valuable input helped us to refine the scope of our research and analysis. We also
considered relevant submissions from stakeholders that were provided in response to Victoria’s draft 30-year
infrastructure strategy released in December 2020.

The second phase of consultation is to seek stakeholder and community views on this report. We welcome feedback on
any of its content and accompanying technical reports which are available on our website. In particular, we invite
responses to these specific questions:

* Do you have any further information, evidence or concerns that you wish to raise in relation to the scenario design
and analysis?

* Do you have any further information or evidence that can help identify an optimum scenario for a net zero emissions
gas sector in 20507

¢ What policies and/or regulations, if any, are needed to support the development of low carbon pathways such as
biogas, green hydrogen, and carbon capture and storage?

¢ What is your view on the best ways to maintain the reliability and affordability of Victoria's gas supply if natural gas
use declines?

¢ What else can you tell us about the implications of decarbonisation pathways for the electricity generation,
transmission and distribution networks?

* How can the use of Victoria’s existing gas infrastructure be optimised during the transition to net zero emissions,
over the short (10 years), medium (20 years) and long-term (30+ years)? How can the Victorian Government assist
in this?

*  What principles should apply or what measures will be needed to manage the impacts of gas decarbonisation on
households and businesses?

* What policies, programs and/or regulations should the Victorian Government consider or expand to encourage
households, commercial buildings and small businesses to reduce their gas use?

¢ What policies, regulations or other support, if any, do you think are needed to support industrial users to switch from
natural gas to lower emissions energy sources or chemical feedstocks?

The final date for submissions is 16 August 2021. For more information on our consultation program or to get involved,
visit our website at infrastructurevictoria.com.au.

Multiple data sources are available to illustrate historical energy production and consumption in Australia, including the
Department of Industry, Science, Energy and Resources’ Australian Energy Statistics, and consumption and demand
data from the Australian Energy Market Operator (AEMO). Each has its own accounting method, scope and reporting
period, leading to variation in reported numbers across the different sources. Energy use also fluctuates daily, seasonally
and year-on-year, meaning the proportion of energy ascribed to different sectors and uses can also vary significantly
between time periods. We have drawn on a range of sources, selecting the data which best suit the analysis at hand.

Energy consumption forecasts are made publicly available by AEMO. We have relied on these forecasts when
considering future gas and electricity demand in Victoria.

Towards 2050: Gas infrastructure in a zero emissions economy — Interim report — July 2021
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Gas infrastructure is defined as infrastructure across the entire value chain of production, processing, transmission
and distribution, storage, consumption, export and end use.

Other terminology which may benefit from further definition includes:

* Biogas is the raw product from anaerobic digestions and consists of about 60% methane. We have also used
this term to cover biogas and biomethane in situations where both are likely to be used or where the use of one
or the other is yet to be determined.

* Biomethane is upgraded and purified biogas, consisting of near 100% methane. Biomethane is identical to fossil
fuel derived methane and can be used to substitute natural gas. Burning biomethane emits greenhouse gases
but does not increase carbon dioxide (COz2) levels in the atmosphere by the same amount as would be released if
the organic matter the biomethane is produced from were left to decompose naturally.

* Blue hydrogen refers to hydrogen produced using natural gas through the process of steam methane reforming.
CO2 emissions generated during production must be captured and stored via carbon capture and storage for the
hydrogen to be considered low or zero emissions.

* Brown hydrogen refers to hydrogen produced using coal gasification. CO2 emissions generated during
production are not captured and stored. Brown hydrogen accounts for the majority (approximately 95%) of current
global hydrogen production.

* Carbon refers to the most prominent and dangerous greenhouse gas emissions, mainly carbon dioxide and
methane.

* Dispatchable energy refers to a source of electricity that can be provided on demand in response to changes in
supply and demand. It generally refers to fossil fuel or hydro power generation.

* Embrittlement occurs when metals become brittle as a result of the introduction and diffusion of hydrogen. This
can occur in the steel pipelines commonly used in gas transmission networks.

* Feedstock refers to a raw material used to supply or fuel an industrial process, or converted to another form of
energy.

* Firming uses an additional energy source or storage to provide backup for an intermittent power source, such as
wind or solar.

* Fugitive emissions are losses, leaks and other releases of gases such as methane or carbon dioxide into the
atmosphere that are associated with the production, transport and development of natural gas, oil and coal.

* Green hydrogen refers to hydrogen produced through electrolysis, using renewable electricity such as wind or
solar to split water into hydrogen and oxygen. Green hydrogen production generates no greenhouse gas
emissions.

* Megatonnes of carbon dioxide equivalent (Mt COze) refers to a measure used to compare the emissions from
greenhouse gases based on their global warming potential.

* Stranded assets are investments which are likely to see their economic life cut short due to a combination of
technology, regulatory and/or market changes.



4. (3as 1n Victoria

Gas plays a major role in Victoria’s current energy mix. It is used in residential and commercial buildings, for electricity
generation and in transport. Gas is also used as a raw material and a source of heat for some manufacturing and
industrial processes.

Victoria is Australia’s third-largest natural gas producer, accounting for around 9% of total production in 2018-19.6 The
majority is sourced from the Gippsland Basin and produced at the Longford processing plant. Gas is also supplied from
other gas fields in Gippsland, the Otway Basin, offshore from the Bass Coast area and interstate.” Natural gas is
produced at six processing plants in Victoria, including Longford in Gippsland and the Otway Basin. However, production
is forecast to decline from 2021 as several Victorian fields cease production.

Victoria’s gas consumption is high relative to many other jurisdictions, due in part to historically abundant and low-cost
supply from its onshore and offshore gas fields. Victoria’s total natural gas use was 283.9 petajoules (PJ) in 2018-19,
making up 22% of Victoria’s primary energy use.®

Gas plays an important role in residential and commercial buildings. While Australian Government data indicates that
total natural gas consumption in Western Australia and Queensland is higher than in Victoria (with total consumption of
668.7 PJ and 292.6 PJ respectively), this is driven mainly by gas-fired power generation and mining.® Victoria’s use is
primarily driven by the residential and commercial sectors. There are over two million residential and commercial gas
customers in Victoria, and more than 80% of residential properties have a gas connection.

Residential and commercial use accounts for 53% of Victoria’s total natural gas use. The industrial sector accounts for
29%, while power generation from Victoria’s 11 gas-fired power generation plants accounts for 17% of the state’s natural
gas use. ™

Victoria has an extensive gas network which crosses the state, with storage facilities to help meet demand peaks, and
significant interconnections with other states. The network includes 1,900km of high pressure gas transmission pipelines,
32,000km of low pressure distribution pipelines and an asset base valued at nearly $6 billion.'" The largest storage
facility is the lona Gas Plant, in Victoria’s south-east. Figure 1 shows the location of Victoria’s gas transmission and
distribution infrastructure.

Construction of the Victorian transmission system began in the 1950s. Over half of Victoria’s onshore pipeline
infrastructure is greater than 40 years old. The latest major additions to the gas network were between 2014 and 2017.
New housing and most commercial buildings in Victoria are currently built with both electricity and gas connections.

Victoria’s gas infrastructure is all privately owned by a mix of Australian and international companies and investors. 2

5 Department of Industry, Science, Energy and Resources (2020a)
" Department of Environment, Land, Water and Planning (2017)

8 Department of Industry, Science, Energy and Resources (2020a). IV has used the Australian Government’s Australian
Energy Statistics 2020 to illustrate natural gas use in Victoria, to allow us to make national comparisons and to drill
deeper into gas usage by sector. As a point of comparison, data from the Australian Energy Market Operator indicates
Victorian natural gas consumption of 214 PJ in 2020.

9 Department of Industry, Science, Energy and Resources (2020a)

© Department of Industry, Science, Energy and Resources (2020a). Note that data is for natural gas only and therefore
excludes LPG.

" Australian Energy Regulator (2020)
12 Accenture (2021); DORIS Engineering (2021)
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Figure 1 Victoria’s transmission and distribution infrastructure
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4.1 What's the problem and opportunity?

Natural gas is methane, a fossil fuel which produces carbon dioxide, another environmentally harmful greenhouse gas,
when it is developed, transported and converted into energy (combustion). The Victorian Government has committed to
a target of net zero greenhouse gas emissions by 2050. Approximately 17% of Victoria’s total greenhouse gas emissions
came from natural gas in 2018."3

Under the Paris Agreement, the Australian Government has committed to reduce greenhouse gas emissions by 26-28%
below 2005 levels by 2030."* The Australian Government has not yet set a target for net zero emissions by 2050.
However, Australia’s states and territories have each set their own net zero emissions targets, in effect giving Australia a
‘de facto’ national net zero emissions by 2050 target.

4.1.1 Gas emissions need to decline to meet Victoria’s net zero emissions target

The Victorian Government has a vision for Victoria as Australia’s cheapest, cleanest energy jurisdiction. The Victorian
Climate Change Act 2017 established a system of coordinated, whole-of-economy actions to achieve a net zero
emissions target by 2050. This includes rolling five-year plans and targets to reduce emissions and adapt to climate
change impacts, obliging all government policies, plans and decisions to consider climate change, and requiring all
sectors of the economy to develop and action emissions reduction pledges.'®

Victoria’s interim emissions reduction targets for 2025 and 2030, along with the first round of five-yearly sector pledges,
were finalised in May 2021. The targets aim to reduce Victoria’s emissions by 28-33% from 2005 levels by 2025 and
45-50% by 2030."® The Energy sector emissions reduction pledge includes actions to reduce Victoria’s emissions by an
estimated 2.2 megatonnes of carbon dioxide equivalent (Mt COze) in 2025 and 3.7 Mt CO2e in 2030."7

Victoria's total emissions were 102.2 Mt COze in 2017-18."8 Figure 2 shows that annual emissions from natural gas were
an estimated 17.4 Mt COze, or 17% of the total. The largest source of natural gas emissions was direct combustion (12.2
Mt COze, around 70%), which included burning gas for heat, steam and pressure for industrial operations and for space
heating, hot water and cooking in households and businesses. This was followed by fugitive emissions from leaks or
venting of gas in exploration, processing, storage, transmission and distribution (2.4 Mt COze, or 14%), electricity

3 Accenture (2021)

4 Department of Industry, Science, Energy and Resources (2021a)
5 Climate Change Act 2017 (Vic)

6 Department of Environment, Land, Water and Planning (2021d)
7 Department of Environment, Land, Water and Planning (2021a)
'8 Department of Industry, Science, Energy and Resources (2020b)



generation (1.7 Mt COze, or 10%) and transport (1.1 Mt COze, or 6%).'® Research has suggested the amount of fugitive
emissions may be underestimated, meaning that natural gas’s contribution to greenhouse gas emissions is potentially
more significant.?

Natural gas is a major part of Victoria’s emissions profile. Although Victoria’s total emissions have been falling in recent
years, partly due to increased renewable energy generation and the 2017 closure of the coal-fired Hazelwood Power
Station,?! emissions from natural gas will need to decline significantly in the coming decades to meet Victoria's net zero
2050 target and reduce the impacts of climate change.

Figure 2 Greenhouse gas emissions in Victoria, Mt CO.e (2017-18)
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Source: Department of Environment, Land, Water and Planning (2020); Accenture (2021)

4.1.2 Victorian households use more gas and less electricity than most other jurisdictions

Victorian households account for 40% of Victoria’s total natural gas use, a higher share than any other state or territory.?2
Altogether, Victoria accounts for around two-thirds of Australia’s total household gas use.??

Victoria’s high levels of household gas use are driven by its cold winters and reliance on gas for heating (associated with
its previous history of abundant and low-cost natural gas). Figure 3 shows that space heating comprises more than half
of total household energy use in Victoria while in the Australian Capital Territory, another cold-climate jurisdiction, it
accounts for around 40%.2* The prevalence of ducted gas heating in Victorian households means that winter gas use is
about three times higher than during the summer. However, while indoor thermal comfort is an important health
consideration,?® electricity can be used as an alternative to gas.

% Accenture (2021)

20 Plante L et al (2020)
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2 Department of Industry, Science, Energy and Resources

2 Wood T and Dundas G (2020)

24 Wood T and Dundas G (2020)

2 World Health Organization (2018)
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Figure 3 Australian household energy use by fuel and end use, gigajoules per household
(2017-18)
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Other uses of gas in Victorian households include water heating and cooking. While space heating accounts for almost
three quarters (74%) of Victoria’s household gas use, water heating accounts for around one quarter (24%), and cooking
makes up just 2% of total household use.

Household gas use in Victoria is also high compared with other countries, including those with cold climates. For
example, Figure 4 shows that annual gas use in Victoria is 50 gigajoules (GJ) per household, compared with 40 GJ in
the United Kingdom and 34 GJ in the Netherlands.?®

Figure 4 Household gas use by end use, gigajoules per household (2017-18)
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4.1.3 Industrial, power generation and commercial gas use is also significant

Figure 5 shows that after households, the industrial sector is Victoria’'s second-largest consumer of natural gas,
accounting for a combined 29% of total use. The manufacturing sector is the biggest end-user, making up over two thirds
of industrial use (or 21% of Victoria’s total).?”

Most gas in the manufacturing sector is used for producing heat. Gas is also used as a chemical input for some
manufacturing processes, including ammonia and polyethylene production. In Victoria, the largest user of natural gas as
a chemical input is the Qenos plastics manufacturing facility in Altona.?®

Gas-powered electricity generation accounts for 17% of Victoria’s gas use. Gas plays a critical backstop function in
electricity generation as its ability to quickly ramp production up and down can balance variations in supply from other
sources.?® This ‘firming’, or stabilising, role is likely to become more important as the proportion of electricity supplied
from renewable energy sources grows.3° Victoria has 11 gas-fired power generation plants, which collectively meet
around 3% of the state’s electricity demand.

The commercial sector comprises the remaining 13% of Victoria’s natural gas use. As in the residential sector, gas in the
commercial sector is mostly used for space heating. For commercial buildings, there are some additional end-use
applications like cooking and water heating in retail sectors, and dryers and pool heating in hotels.3"

Figure 5 Victorian gas consumption for energy, by sector, PJ and % total (2018-19)
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4.1.4 Victoria’s natural gas production is currently declining

Victoria produced 361 PJ of natural gas in 2020. Victoria’s production has historically been greater than its gas use,
meaning Victoria has been a net exporter of gas to other states. However, production is forecast to fall 43% from 360 PJ
to 205 PJ from 2021 to 2025 as several fields in Gippsland cease production.3?

Figure 6 shows that gas demand in Victoria is expected to fall 7% overall from 207 PJ to 192 PJ over the same period,
as energy efficiency and electrification measures are implemented.33 Despite this, Victoria may need to import gas to
meet peak winter demand in the future. This has led to proposals for liquid natural gas (LNG) import terminals and
expansion of interstate gas transmission. However, plans for a floating facility LNG at Crib Point were rejected by the

27 Department of Industry, Science, Energy and Resources (2020a)
28 Accenture (2021)

2 Wood T and Ha J (2021)

30 AEMO (2021b)

31 Accenture (2021)

32 AEMO (2021c)

33 AEMO (2021c)
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Victorian Government in 2021 due to environmental concerns.3* Viva Energy Australia is currently seeking approval to
develop a floating import terminal at Geelong’s refinery.3®

Alongside declining supply, gas prices have risen significantly in eastern Australia in recent years, including in Victoria.
By 2018, wholesale gas prices has risen from historic levels of between $4-$6 per GJ to $8-$10 per GJ for new gas
contracts. This primarily reflects rising costs, but also an increase in Australian LNG exports which has put pressure on
domestic supply.3®

Figure 6 Annual anticipated Victorian gas production and consumption (PJ) (2019-2025)
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Victoria’s gas regions have seen lower levels of investment in recent years. In 2017, the Victorian Government imposed
a moratorium on all onshore conventional gas exploration and development. A permanent ban on fracking and
unconventional gas drilling is now in place in Victoria, although onshore conventional gas exploration and development is
due to restart in July 2021, after three years of detailed scientific investigations by the Victorian Gas Program.®’

The Victorian Gas Program has identified potential new onshore gas resources to help avoid Victoria’s predicted gas
shortfall. Their investigations concluded there is potentially 128 PJ to 830 PJ of commercially feasible onshore
conventional gas yet to be discovered in Victoria, with potential locations including the Otway Basin and Gippsland.38
The upper range for these new resources represents around four years of supply at current demand levels.

The Australian Government is planning new investment in gas production and infrastructure as part of its gas-fired
recovery policy, which aims to avoid any anticipated shortfall in gas supply and limit gas price rises.3® Among
infrastructure priorities outlined in their interim National Gas Infrastructure Plan, the government identifies gas storage
projects at Golden Beach and lona in Victoria, the expansion of the South West Victorian pipeline and development of an
import terminal as critical.*°

4.1.5 The pathway to net zero, and the long-term role of gas, is unclear

There is significant global uncertainty about the role of gas in the future energy mix, given the need to reduce emissions
from gas use. Further expansion of gas infrastructure may increase the risk of some infrastructure becoming
underutilised or a stranded asset before the end of its useful life, and lock in pathways which are not compatible with net

zero emissions targets, unless this infrastructure can be adapted to supply zero emissions gas or natural gas emissions
can be fully offset.

34 Premier of Victoria (2021b)

% Viva Energy Australia (2021)

3 Wood T and Dundas G (2020)

37 Premier of Victoria (2021a)

3 Geological Survey of Victoria (2020)

3 Prime Minister of Australia (2020)

40 Department of Industry, Science, Energy and Resources (2021b)



A range of technologies and policy approaches have the potential to shape the role of gas in the future energy mix,
including:

* increased energy efficiency through improvements to technologies or processes aimed at reducing overall gas use
* electrification of applicable thermal processes previously powered with gas, to reduce demand

e substitution of gas with hydrogen, biogas or biomethane in some applications

e carbon capture and storage (CCS) paired with gas combustion to provide low emissions options for gas in the
future.

Some of these approaches, such as CCS or substitution with low carbon gases, such as hydrogen or biomethane, are at
a relatively early stage of development and their potential as a viable decarbonisation pathway for the gas sector is not
yet clear. The relative average carbon emissions intensity of existing energy alternatives and their reduction potential is
shown in Table 1. The Table shows that generating electricity from coal has the highest emissions factor, followed by
natural gas.

Table 1 Emissions factors

e

Electricity generation:

¢ Coal 0.094 Mt CO2e / PJ of coal

* Natural gas 0.052 Mt CO2e / PJ of natural gas
e Solar or wind 0.000 Mt CO2e / PJ

¢ Hydroelectric 0.000 Mt CO2ze / PJ

Direct combustion:

¢ Natural gas 0.055 Mt CO2ze / PJ natural gas
¢ Biogas (including landfill gas) -1.100 kg CO2ze / kWh electricity
Direct heat — geothermal 0.007 t CO2e / PJ

Green hydrogen 0.000 Mt COze / GWh electricity
Blue hydrogen 0.005 Mt CO2e / PJ natural gas
Brown hydrogen (without CCS) 0.010 Mt COze / PJ coal

Agro-forestry sequestration:

e Forestry -18.35t CO2¢ / hectare
e Marine -830 t CO2e / hectare
*  Soil farming -1172 t CO2e / hectare
Carbon credits -1.000 t COze / credit

Source: DORIS Engineering (2021)

Each of the potential technologies and policy approaches for gas sector decarbonisation is summarised below. Further
detail is available in the technical reports which accompany this evidence base, available on our website at
infrastructurevictoria.com.au.

Energy efficiency

Energy efficiency is a cost-effective and proven way to reduce greenhouse gas emissions by reducing overall energy
demand from households, businesses and industry. This can reduce the need for more infrastructure, support better use
from the infrastructure we already have and deliver energy cost savings. Poor energy efficiency in housing has also been
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linked to health risks, particularly during extreme weather events and among vulnerable population groups.*' Research
from New Zealand has linked retrofitting home insulation with a reduction in hospital admission rates associated with
cold weather.*?

Governments in other jurisdictions (including the United Kingdom, the Netherlands and Canada) are adopting energy
efficiency as a ‘no-regrets’ measure which has clear short-term benefits and which does not constrain future policy
choices.*?

Space heating during the colder months accounts for around 74% of Victoria’s total household gas use. Measures which
can improve energy efficiency in homes and businesses include appliance upgrades, insulation and improved building
standards. Measures which target the efficiency of space heating have the highest potential to reduce Victoria’s gas-
related emissions.*4

A range of initiatives at national and state level exist to deliver energy efficient new buildings. These include 7-star
building standards with improved thermal performance and efficient appliances. Under the 2021 Energy sector emissions
pledge, the Victorian Government will invest $515 million to drive energy efficiency and demand management.*> A
number of existing energy efficiency measures target households and industry:

* Victorian Energy Upgrades is the Victorian Government’s key energy efficiency program targeting households and
businesses. The scheme provides a range of incentives to reduce the cost of upgrading to more energy efficient
products and services, reducing power bills for energy users as well as greenhouse gas emissions.

* Home Heating and Cooling Upgrades program provides assistance for 250,000 low income and vulnerable
households to improve their thermal comfort by offering rebates to upgrade inefficient heaters, or add heating where
there was none, with reverse cycle air conditioning.

* Energy efficiency upgrades are improving thermal performance (with insulation and draft-proofing) and replacing
inefficient appliances for up to 35,000 social housing properties.

* Minimum standards for heating in rental homes have been introduced, which require a fixed heater with an
energy efficiency rating of 2 stars or above in the main living area of all residential rental properties from March
2023.

e High energy-using businesses can access the Business Recovery Energy Efficiency Fund, which offers grant
funding for both capital works and energy demand management technologies.4®

The Australian Government is also investing in energy efficiency measures, including the National Construction Code,
mandating minimum energy efficiency standards for new buildings, and the Nationwide House Energy Rating Scheme
(NatHERS) that rates the energy efficiency of homes based on their design.*’

The Australian Energy Market Operator forecasts a 7% decrease in Victoria’s annual gas consumption over the next four
years, from 207 PJ in 2021 to 192 PJ in 2025, due in part to increased energy efficiency as a result of Victorian
Government programs and initiatives (including the Victorian Energy Upgrade program).*® Modelling commissioned by
Environment Victoria suggests this underestimates the impact that energy efficiency programs have on Victoria’s annual
gas consumption.*® The modelling estimates that Victoria could reduce its annual gas consumption by around half (98 to
113 PJ) by 2030, primarily by:

* replacing old gas ducted heating systems (estimated 48 PJ gas reduction)

* increasing use of existing air conditioners for space heating (5-15 PJ gas reduction)
e improving building insulation (more than 10 PJ gas reduction)

» replacing gas water heaters with heat pumps (10 PJ gas reduction).%°

41 Australian Council of Social Service (2019)

42 Fyfe C et al (2020)

43 Accenture (2021)

44 Sustainability Victoria (2019)
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The United Kingdom Government will spend £1.3 billion on energy efficiency in 2021-22. The program
includes the Future Homes Standard which targets insulation and appliance upgrades in new and existing
buildings in England by 2025.5"

Heating and power for buildings currently accounts for 40% of total energy usage in the United Kingdom. The Future
Homes Standard will complement building regulations to ensure all homes and businesses meet rigorous new energy
efficiency standards to lower energy consumption and bills, and reach zero emissions targets.

All new buildings will be highly energy efficient:

* New homes are expected to produce 75-80% lower carbon emissions from 2025 compared with current levels.

* No new homes will be able to connect to the gas network from 2025. Gas boilers and other fossil fuel heating
systems are banned. Instead, homes will be equipped with energy efficient insulation and heated by low carbon
heating such as air source heat pumps.

Building work in existing buildings must meet new standards:

* Existing homes will also be subject to higher standards with a significant improvement on standards for new
extensions — making homes warmer in winter, cooler in summer, and reducing bills.

* Home improvers will need to use more energy efficient replacements, repairs and parts. This includes replacing
older windows and building services such as heat pumps, cooling systems or fixed lighting with energy efficient
upgrades.

Replacing gas use with electricity can reduce emissions associated with natural gas and play a role in Victoria’s
transition to net zero emissions, especially as renewable energy increases its share of Victoria’s electricity supply (the
state has a legislated target of 50% renewable energy by 2030).52 Electrification is a core strategy in many jurisdictions
for reducing emissions associated with natural gas. For example, the Netherlands is actively transitioning households
away from the gas network, aiming to have all dwellings disconnected from gas by 2050.53

Electrical appliances can be more efficient than gas appliances. For example, reverse cycle air conditioning is more
energy efficient, and costs less to run, than gas heating for an equivalent heating load.%* A 2015 Melbourne Energy
Institute report estimated that households in Melbourne could save $658 a year in heating costs by switching off their gas
heater and using an existing reverse cycle air conditioner instead.5® The Victorian Government’'s Home Heating and
Cooling Upgrades program supports low income households to replace inefficient heaters (including gas), and no
heating, with reverse cycle air conditioning.%¢

Electrification can also increase energy efficiency and productivity in the industrial sector in some instances. This can
include industrial-scale electric heat pumps and other heating technologies such as electromagnetic heating and
electrical resistance heating. A 2018 Beyond Zero Emissions report estimated that switching to electrical heating using
proven technologies could double the efficiency of many industrial heat processes.” However, current electrification
technologies are not well suited to industrial process heating at very high temperatures and require further research and
development. The Victorian Government’s Business Recovery Energy Efficiency Fund supports electrification measures
for high energy consuming businesses and large emitters, among other energy saving options.%8

Any shift towards electricity in place of gas will have a significant impact on Victoria’s electricity network. Peak electricity
demand would shift from summer to winter, due to space heating use, and could increase by an estimated 40%
compared with current summer peak demand. This could risk increasing electricity prices, for example if the electricity
grid needs to be upgraded to support increased demand.®® The early withdrawal of the Yallourn coal-fired power station
in 2028 may increase the likelihood of supply shortfalls from 2028-29 even without a significant shift to electrification,

5" UK Government (2021)

52 Department of Environment, Land, Water and Planning (2021e)
53 Accenture (2021)
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%8 Department of Environment, Land, Water and Planning (2021a)
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although this can be offset if more dispatchable electricity (that is, electricity which can be provided on demand) is
brought on board — such as Energy Australia’s proposed 350 MW battery, announced alongside Yallourn's closure.°

Increased electrification will only be successful in reducing Victoria's greenhouse gas emissions if the electricity is
generated from renewable sources, or the associated emissions can be fully offset. In addition, full electrification may
mean that opportunities to repurpose the gas network are not maximised. However, there may still be a role for gas
infrastructure where it serves low carbon gas export markets.

Along with South Australia and Tasmania, the ACT Government has committed to net 100% renewables
before 2030. The ACT has also set a target to phase out new and existing gas connections by 2045, the first
Australian jurisdiction to do so.

In 2020, the ACT Government removed the mandatory requirement for gas connections to new suburbs:*®'

* Removing the mandatory gas connected requirement allows new developments to be all electric, powered by the
ACT’s 100% renewable electricity supply.

* Upgrades from gas to electric appliances will be supported by access to interest-free loans or other financing
mechanisms.

e The Energy Efficiency Improvement Scheme, established in 2013, will be expanded to incentivise a transition
from natural gas to efficient electric heating, hot water systems and electric stoves.

The Ginninderry development will pilot the ACT'’s first gas-free precinct comprising 350 homes:?

* The fully electric housing precinct will help reduce energy costs for residents and reduce greenhouse gas
emissions, contributing towards the ACT’s target of net zero emissions by 2050.

* Homes in the precinct will be built to high sustainability standards, producing renewable energy with mandatory
solar panels, high-efficiency appliances like reverse cycle air conditioners for heating and cooling, heat pumps for
hot water, induction cooktops and energy management systems with battery storage and smart meters.%3

The ACT has also committed to addressing carbon emissions from transport:%*

e Canberra’s bus network will shift to a zero emissions fleet by 2040, building on the experience gained through
previous trials of all-electric and hybrid buses.

e The ACT Government’s vehicle fleet will switch to zero emissions alternatives, including Australia’s first
government fleet of hydrogen vehicles.

Hydrogen is being considered as a low carbon alternative to natural gas, as it is a flexible energy carrier that could
replace many current gas applications. Hydrogen can be used as both an energy supply and an industrial feedstock for
chemical production. It can contribute to emissions reduction depending on how it is produced.®

There are several different types of hydrogen production, including brown, blue and green hydrogen, as illustrated in
Figure 7 (the colour attributes help to describe the emissions intensity of the production process, although the hydrogen
produced is a colourless gas).

8 AEMO (2021a)
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Figure 7 Types of hydrogen production — brown, blue and green
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Brown hydrogen — is produced using brown coal through the process of gasification. However, if the greenhouse gas
emissions generated during production are not captured and stored, expanding production of brown hydrogen will add
greenhouse gas emissions. Annual global hydrogen production is around 70 million tonnes today, made almost entirely
from fossil fuels. As a result, global hydrogen production is currently responsible for carbon emissions of around 830 Mt
COze each year — equivalent to around 150% of Australia’s total greenhouse gas emissions.®® If the greenhouse gas
emissions generated during brown hydrogen production are captured and stored, the climate impact of this technology
can be significantly reduced. Current trial projects to this effect are discussed below.

Blue hydrogen — is produced using natural gas through the process of steam methane reforming. Greenhouse gas
emissions generated during production must be captured and stored via carbon capture and storage (CCS) for the
hydrogen to be considered low or zero emissions. Blue hydrogen using CCS still results in some emissions. The
proportion of carbon emissions commonly captured in blue hydrogen production is estimated at between 65-90%.57 Blue
hydrogen may be a possible pathway to replace or decarbonise natural gas in Victoria, using existing gas infrastructure
while producing only moderate emissions which can be offset or captured and stored, but there are still significant
uncertainties about the economic and technical feasibility of this technology at scale.

Green hydrogen — renewable electricity, such as wind or solar, is used to split water into hydrogen and oxygen using
electrolysis. Green hydrogen production generates no emissions when supported by 100% renewable electricity.
However, although the production of hydrogen through electrolysis is a known technology, it is currently inefficient and
therefore very costly to produce at large scale. This may change rapidly in the future, given significant interest in this
technology. In addition, more work is needed to understand the potential, energy demand and costs of producing green
hydrogen from stormwater, wastewater or seawater, so that our limited fresh water can be used for drinking, the
environment and growing food.

The long-term role of hydrogen in the global energy mix, and its potential as a substitute for natural gas, is uncertain as
many questions remain about its storage, distribution and end use. The major technical risk is that hydrogen
transmission at high pressure causes steel transmission pipelines to become brittle and fail (known as ‘embrittlement’).
In the smaller distribution pipelines to commercial and residential users, plastic pipes are common. Plastic pipes are safe
to use with hydrogen. Blending hydrogen with natural gas would allow existing infrastructure to be used, offsetting an
immediate need for purpose-built hydrogen infrastructure and providing a transition pathway. However, the upper limit of
hydrogen which can be used in existing infrastructure and appliances is variable and needs additional testing. While
existing pipelines may allow a blend of up to 20% hydrogen (depending on pipeline pressure),® domestic appliances are
likely suitable for a maximum of 10% hydrogen blending without being modified.®°

In addition, unlike natural gas, hydrogen cannot be odourised and is flammable. While its use is currently well managed
in an industrial setting, future hydrogen use in homes could result in undetected gas leaks, ignition and explosions. One
simple risk reduction measure could be to consider hydrogen for heating, installing piping which remains external to the
home, and replace gas cooking appliances with electrical appliances.”®

Despite these uncertainties, countries such as Japan, the Netherlands and the United Kingdom are investing in hydrogen
projects to create a potential low carbon pathway. Large-scale hydrogen production is not yet available in Australia but
there are several pilot, demonstration and small-scale projects in various stages of operation.”" The Australian
Government recently provided $32 million in funding to the Australian Gas Infrastructure Group’s Hydrogen Park Murray
Valley project in Wodonga. The project aims to develop a 10 MW electrolyser to produce green hydrogen for blending
with natural gas and is one of three projects funded under the Renewable Hydrogen Deployment Funding Round. 72
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Victoria is considered to have potential for future hydrogen development due to its significant brown coal reserves in
Gippsland and a developed offshore reservoir with geology suitable for CCS.”® However, brown hydrogen production
with CCS still generates significant greenhouse gas emissions (CCS does not capture all emissions from a given
source), meaning that this method of hydrogen production will need to be combined with equally significant emissions
offsets along with policy changes (such as a long-term carbon price or emissions regulation) if the gas sector is to reach
net zero emissions targets.” The Hydrogen Energy Supply Chain pilot in the Latrobe Valley aims to be the first
commercially viable hydrogen export project in Australia.” Hydrogen will be produced from brown coal, with carbon
emissions captured and stored via the CarbonNet project (see below for further details on CarbonNet). Realisation is
dependent on CCS technologies which are still undergoing proving in Victoria at scale. It will also require sufficient CCS
capacity to support a long-term hydrogen export industry.

The Victorian and Australian governments are supporting the development of hydrogen production in Victoria. In addition
to the Hydrogen Energy Supply Chain pilot project, which is jointly funded, hydrogen development initiatives include:

e The $10 million Renewable Hydrogen Industry Development Plan, which outlines the Victorian Government’s
strategy for the development of renewable and zero emissions hydrogen production. The plan provides funding for
pilot and demonstration projects as well as business cases for industrial users.”®

e Australia's National Hydrogen Strategy sets a national vision for a clean, innovative, safe and competitive hydrogen
industry. It aims to position Australia as a major global player by 2030.77

¢ The 2021-22 Australian Budget provided $275.5 million to develop up to four additional hydrogen hubs, as well as
$24.9 million to assist new gas generators become ‘hydrogen ready’.”®

3 Bruce S et al (2018)

74 Longdon T et at (2021)

75 HESC (2020)

6 Department of Environment, Land, Water and Planning (2021c)
" COAG Energy Council (2019a)

8 Australian Government (2021b)



The United Kingdom’s Hydrogen Network Plan sets out how gas network companies will deliver the world’s
first extensive 100% hydrogen network.

Building on the UK Government’s Ten Point Plan and Hydrogen Strategy, supported by a Net Zero Hydrogen Fund
of £240 million, Britain’s five gas grid companies have set out their plan for building the UK’s hydrogen economy and
delivering the first hydrogen town by 2030.7°

The Hydrogen Network Plan will be delivered in four stages:

* Preparing for Transition (2020-2025) — including mains replacement, completing the safety case, trialling 100%
hydrogen in homes and network modelling to ensure security of supply. Hydrogen-ready boilers roll out at a rate
of around 1.5 million a year, similar to the current level of annual boiler replacements.

* Solution Pilots (2025-2030) — includes 100% hydrogen domestic pilots, 20% hydrogen blending in parts of the
network and continued mains replacement. Hydrogen-ready boilers continue to roll out at around 1.5 million a
year and, following on from pilots, the first 100% hydrogen conversions take place.

e Scaling Up (2030-2040) — includes building new hydrogen pipelines between industrial clusters and connecting
hydrogen production and storage facilities to the networks. Mains replacement is completed and 100% hydrogen
use in homes is rolled out. Nearly all domestic properties are now hydrogen ready, with boilers and other
appliances converted. Dedicated hydrogen production at scale is now available, and widespread conversion of
housing to 100% hydrogen is underway.

* Full Transition (2040-2050) — full conversion of the gas networks to net zero is now complete. Domestic
conversion is complete. The gas and electricity networks are interconnected and mutually supportive.

Further policy development will be a critical enabler of the later stages of the Hydrogen Network Plan. For example:

* mandate hydrogen-ready appliances such as hydrogen-ready boilers and hybrid heating systems in force before
2025 to facilitate network conversion and roll-out at scale by 2040

e support hydrogen producers to meet the UK’s hydrogen production target of 1GW by 2025 and 5GW by 2030

e support hydrogen storage capacity and network conversion from 2025, funded through the regulated asset base
framework

* ensure CCS is developed at scale in several clusters by 2030, with blue hydrogen delivering the required scale in
the interim and replaced over time with green hydrogen as the production method of choice.

Biogas is a form of renewable energy that can be used to decarbonise gas. Biogas is the raw product from anaerobic
digestion of organic matter and consists of about 60% methane. It can contribute to Victoria’s emissions reduction
targets by replacing the combustion of natural gas with biogas for energy purposes and by capturing methane emissions
from organic feedstocks (such as animal waste, other organic matter sourced from landfills, and wastewater processing
plants) that would otherwise be released without benefit.

Biogas can be used as a cost-effective source of energy for heat or electricity generation in some applications, in
locations where organic feedstock is readily available. It can be used directly onsite to produce local heat via a biogas-
fuelled boiler, at locations such as wastewater treatment plants or meat processing plants. Biogas can be converted into
electricity via a combined heat and power unit, for use onsite or for export into the grid.

Biogas can also be upgraded and purified to create biomethane. Biomethane’s chemical characteristics are close to
natural gas. It can therefore be injected into the existing gas network for industrial and residential gas end-use without
the need to modify gas pipelines or appliances. If biomethane is converted and compressed to a liquefied form, it can be
transported in bottles or used as a vehicle fuel. Where biomethane is to be injected into gas networks rather than used
locally, proximity to the gas network is a significant cost factor. Plants must generally be located close to gas grids to be
cost effective. There is currently no biomethane production plant operating in Australia.&

Internationally, countries including the United Kingdom, the Netherlands and Canada are introducing policies to support
biomethane production and injection into the grid. Some jurisdictions are also pursuing biomethane as a strategy to
reduce emissions from agriculture.

Australia is considered to have several comparative advantages that increase its potential to develop a sustainable and
competitive bioenergy industry, including a suitable climate, agricultural land and strength in natural resources and
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infrastructure development.®' There is limited available information to fully assess the role of biogas in decarbonising
natural gas in Victoria. However, one study estimated that Victoria has a biogas supply potential of 48 PJ, which is
approximately one quarter of its current gas consumption.® This means replacing all of Victoria's household gas use
with biomethane would require additional biomass resources in the form of new plant crops, which would add to
pressures on land and water resources. Despite these potential limitations, this technology has a role to play in the
overall technology mix needed to achieve net zero emissions for the gas sector.

There are several projects in Victoria using biogas to supply energy for their own use, including wastewater treatment
plants and food processing businesses.

Yarra Valley Water’'s ReWaste facility is the first biogas solution for the water industry in Australia: 83

* ReWaste provides a disposal solution for commercial organic waste, diverting 33,000 tonnes of organic waste (or
100 tonnes a day) from landfill every year. Commercial food waste is transported to the site in trucks, then fed
into the ‘digester’. Biogas is produced using anaerobic digestion, which is then converted into renewable
electricity.

¢ The waste-to-energy facility produces enough biogas to power the neighbouring Aurora sewage treatment plant,
with surplus energy being exported to the electricity grid. It generates around 22,000 kilowatt hours of electricity
per day, the equivalent power demand of around 1,300 homes.

* Located in Wollert, in Melbourne’s north, the facility became fully operational in 2017. At full capacity, ReWaste
covers 25% of Yarra Valley Water’'s annual electricity demand. Current and planned ReWaste facilities will make
a large contribution to Yarra Valley Water’s ability to reduce its reliance on coal-powered energy and generate
100% of its energy requirements by 2025.

Renewable Organics Network Colac turns waste into energy, hot water and fertiliser:8

* In the regional centre of Colac in south-west Victoria, food manufacturers Bulla Dairy Foods and the Australian
Lamb Company, together with regional water corporation Barwon Water, are collaborating to build a waste-to-
energy facility. Using organic waste such as milk solids and meat scraps, biogas will be produced to generate
renewable electricity and hot water.

* The biogas facility will produce 5.5 gigawatt hours of renewable electricity each year. Around 50% will be used to
power the Colac Water Reclamation Plant, taking it off the grid. Barwon Water’s target is to achieve 100%
renewable electricity by 2025 and net zero emission by 2030. The remaining electricity generated will be exported
into the grid, enough to power about 500 homes.

* In an Australian-first, the project will also generate renewable hot water for supply to the Australian Lamb
Company via an innovative hot water pipeline, which will offset the natural gas consumption of the business by
21.4 terajoules each year, equivalent to the gas use of 350 households.

* Solid waste left over at the end of the anerobic digestion process will be collected and used for soil conditioning
and fertiliser on farms.

Carbon capture and storage (CCS) involves capturing, transporting and storing greenhouse gas emissions from fossil
fuel power stations, energy intensive industries, and oil and gas fields. It removes carbon emissions from the source or
the atmosphere, and stores carbon permanently underground (as a gas or liquid), or in solid form through a reaction with
metal oxides to produce stable chemical compounds.8® Natural processes which remove and store carbon dioxide from
the atmosphere, such as biomass, soils and oceans, are not included in the definition of CCS.

Carbon emissions may be permanently stored underground in two areas:86

* Oil and gas fields — various depleted oil and gas fields have the capacity to meet carbon storage requirements, but
their geographic distribution is limited and potentially distant from carbon-intensive industries. To date, carbon
storage in depleted oil and gas wells has been limited to pilot demonstrations.

81 |EA Bioenergy (2018)

82 Deloitte Access Economics (2017)
8 Rewaste (2021)

84 Barwon Water (2021)

8DORIS Engineering (2021)

8 Global CCS Institute (2020)



* Deep saline formations — these are underground porous rock formations which are filled with saltwater. These
formations can be found worldwide and are considered to have the highest potential capacity globally for carbon
storage. To date there has been some research investment in Victoria and around the world to understand their full
storage potential.

Once captured, carbon emissions need to be transported to the final storage location via pipeline, truck or ship (normally
pipeline, since costs associated with transport via truck or ship can be prohibitive). It is therefore more efficient to have
carbon separation and storage situated together.8” The captured carbon emissions can also be used as an input to some
industrial processes. This is known as carbon capture, utilisation and storage (CCUS).

The amount of suitable underground storage is uncertain and finite. CCS with underground storage may therefore be
best considered as a transition technology rather than a long-term solution. However, it may play an important future role
in reducing emissions from natural gas where geology is favourable. CCS can support an ongoing role for natural gas if
available at a competitive price. It should also be noted that blue hydrogen production depends on the availability and
reliability of CCS at sufficient scale, as does Victoria’s Hydrogen Energy Supply Chain project.88

CCS projects tend to be very large and complex. In general, they have high capital investment requirements and even
higher operating costs. Carbon capture and purification requires some complex processes, and the gaseous carbon
must be compressed to high pressure for injection and storage. In addition, the underground storage must be
continuously monitored to ensure there are no leaks. Where the storage site is located offshore rather than on land,
costs will escalate further.8® In 2021 there are approximately 26 commercial-scale CCS projects operating globally,
capturing a combined approximately 40 Mt COze annually. Evidence from overseas indicates that large-scale CCS
projects need a long-term carbon price or emissions regulation to attract capital commitments.%°

CCS projects undertaken to date do not capture all carbon emissions from a given source and so additional carbon
offsets will be required to achieve net zero. For example, the Quest oil sands production facility in Alberta, Canada,
captures and stores one third of its total emissions, and the Gorgon LNG offshore production facility off Western
Australia is designed to capture and store up to 80% of its emissions.®'

Australia is considered well situated to take advantage of CCS technologies because of its numerous depleted oil and
gas fields and existing pipeline infrastructure but the total potential storage has not been quantified. The 2021-22
Australian Budget has provided $263.7 million to accelerate the development of CCUS projects across Australia.®?

The primary purpose of CCS in Victoria is the removal of carbon emissions produced by coal-fired power stations or coal
gasification plants (for production of carbon-neutral brown hydrogen) located in the Latrobe Valley. The CarbonNet
project, jointly funded by the Victorian and Australian governments, aims to establish a commercial-scale CCS location in
the nearshore area of the Gippsland Basin to provide permanent and safe storage for 1 to 5 Mt CO2 a year initially, rising
to 20 Mt a year. This would total 25 to 125 Mt CO2 over a 25-year project life.®3 In addition, the CO2CRC pilot in south-
west Victoria has injected around 65,000 tonnes of carbon-rich gas in depleted gas reservoirs in the Otway Basin.%

Even though CCS is a mature technology, it is highly dependent on site-specific geological formations. Given that neither
small-scale nor large-scale operating CCS projects have yet been established in the offshore Gippsland Basin, the
achievable injection rates, storage volumes and long-term containment for this location have yet to be demonstrated.
There are three commercial CCS projects operating globally where the storage sites are located offshore. %

87 Deloitte Access Economics (2017)

8 HESC (2020)

8DORIS Engineering (2021)

%0 Accenture (2021)

91 Shell (2020); Macdonald Smith A (2021)
92 Australian Government (2021b)

% Earth Resources (2021)

% CO2CRC (2021)

%DORIS Engineering (2021)
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Alberta is an ideal location for CCS, with deep saline aquifers and depleted oil fields providing wide options
for safe underground carbon storage. The Alberta Government has committed CAD$1.24 billion to 2025 to
support two commercial-scale CCS projects. Both are operational, capturing up to 2.8 Mt COze a year.®

Quest began operation in 2018 and captures and stores emissions from energy-intensive oil sands production:

*  The project retrofitted Shell's Scotford upgrader for CCS (a facility which processes crude bitumen from oil sands
into crude oil). The project captures carbon from oil sands, upgrading and transporting it 65 km north for
permanent storage in a sandstone rock reservoir, approximately 2 km below the earth's surface.

e Quest is designed to capture up to 1.08 Mt COze per year, approximately 35% of all carbon emissions produced

by the upgrader. The Quest project is the world’s first application of carbon capture and storage technology at an
oil sands upgrader.

The Alberta Carbon Trunk Link (ACTL) system began operating in 2019 and transports carbon emissions from
industrial production for use and storage:

e ACTL is a 240-km pipeline that carries carbon captured from the Sturgeon Oil Refinery and the Nutrien Redwater
fertiliser plant to oil fields in Central Alberta for use in enhanced oil recovery projects before permanent storage.

* The two industrial facilities provide around 1.6 million tonnes a year of high purity CO2. The designed capacity of
the ACTL pipeline is 14.6 million tonnes of CO2 a year, which will allow future CCS projects to use it as the
energy and agriculture industries grow.

% Alberta Government (2021)



5. Key early findings

Building on our assessment of the current challenges and opportunities facing Victoria’s gas sector, our key early
findings start to address the questions detailed in the terms of reference for this advice. We were asked to develop
scenarios for a net zero emissions energy sector in 2050, to assess the implications for gas infrastructure and gas users
under each scenario, to consider the role for government, and to identify the key uncertainties, interdependencies and
infrastructure decisions that need to be made. We have summarised our findings under each of these questions.

5.1

The focus of this request for advice is gas infrastructure in a future where Victoria achieves net zero greenhouse gas
emissions by 2050. We have therefore limited our scenario design and analysis to the gas sector, its current greenhouse
gas emissions, and the sector’s interplay with others (such as electricity generation, transport and manufacturing).
Potential decarbonisation pathways for the gas sector were explored in our literature review, with relevant work identified
from Energy Safe Victoria, Energy Networks Australia, Frontier Economics, ClimateWorks Australia and CSIRO.®”

What are the scenarios for a net zero emissions energy sector in 20507

We have developed four illustrative scenarios to achieve net zero emissions for gas use in Victoria by 2050. Scenarios
have been selected and developed on the basis they all aim to achieve net zero emissions by 2050, but test key
variables regarding:

* the technology mix — namely electrification, natural gas, hydrogen and biogas

* the mechanism by which net zero emissions are achieved — that is, whether emissions are eliminated (zero
emissions) or managed by solutions such carbon offsets and/or CCS.

The scenarios illustrate the performance of these key variables but are not intended to be definitive or reflect an optimal
scenario. Victoria's interim emissions reduction targets for 2025 and 2030 were released by the Victorian Government
after Infrastructure Victoria had completed the initial scenario analysis and so could not be incorporated into the scenario
design. This will be revisited in the next phase of our scenario analysis work. The next phase of Infrastructure Victoria’s
work will include refinement and analysis of scenarios which combine promising technologies and policies likely to help
meet the state’s interim emission targets. The four scenarios are summarised in Table 2.

Table 2 Scenarios to achieve net zero emissions for gas use in Victoria by 2050

Scenario D: Net zero
emissions hydrogen with

Scenario C: Zero
emissions hydrogen with

Scenario B: Net zero
emissions electrification

Scenario A: Zero
emissions electrification

— no natural gas

¢ Almost full electrification
using renewable
sources, utility-scale
battery storage and
some pumped
hydroelectric

* Very little natural gas
except where it is
irreplaceable — and none
by 2050

* No CCS by 2050

supported by natural gas

» Extensive electrification
with renewable sources,
significant small-medium
battery storage and
limited pumped
hydroelectric

* Some natural gas to
support the renewable
electricity system and
some industrial uses

* Made net zero by CCS
and offsets

biogas and electrification

* Hydrogen using
renewable sources really
takes off as a substitute
for natural gas

* Some waste to energy,
biogas and renewable
electricity sources with
some battery storage

* No CCS

* No natural gas by 2050

biogas and electrification

* Hydrogen using both
renewable sources and
coal with CCS

* Some waste to energy
and biogas and
renewable electricity
sources with some
battery storage

* No natural gas by 2050

9 Infrastructure Victoria (2021)

Towards 2050: Gas infrastructure in a zero emissions economy — Interim report — July 2021

27



28

A brief overview of each scenario is outlined below. All scenarios assume a baseline annual energy demand in Victoria
of 1,298 PJ in 2018-19, with a forecast increase in energy consumption of 15% per decade.® Population growth
forecasts are in line with the Department of Environment, Land, Water and Planning’s Victoria in Future population
projections.®® More detail on the assumptions underpinning these scenarios are available in Appendix A and in the
technical report available on our website. '

Common to all scenarios is a gradual decline over time in the consumption of fossil fuels for energy generation, notably
brown coal (primarily electricity), natural gas (primarily space and water heating), diesel and gasoline (primarily
transport). Each scenario represents a model of the gradual replacement of fossil fuels by specific combinations of
renewable and zero-carbon energy sources, energy storage, and carbon offsets to cover the entire energy-emissions-
offset supply chain. A small to moderate uptake of energy efficiency measures is assumed.

The key feature of this scenario is its focus on solar, wind and hydro renewable electricity to replace fossil fuels by 2050.
Its advantage is reduced carbon emissions for electricity generation meaning no requirement for CCS. Scenario A
proposes to meet gas demand through production of biogas and green hydrogen to replace natural gas. Moderate
uptake of energy efficiency measures is included for residential and commercial buildings including insulation, ground
source heat pumps and installation of smart grid systems. By 2050, gas, petrol and diesel-powered road vehicles are
replaced primarily by battery electric vehicles and, to a lesser extent, with hydrogen fuel cell vehicles.

Scenario B’s key differentiator is the continued use of a limited amount of natural gas through to 2050 to provide firming
of renewable energy sources and support hard to abate manufacturing industries such as plastics and alumina
production. No other scenario has any natural gas being consumed in 2050, and for this reason Scenario B maintains
the greatest proportion of the current hydrocarbon energy supply chain of all scenarios. This aspect defines the key
advantage of Scenario B, being the high level of energy infrastructure efficiency achievable through use of natural gas to
balance variable renewable loads and satisfy hard to abate feedstock demand, while also using pre-existing natural gas
infrastructure.

Scenario B is most closely aligned to Scenario A due to the relatively high proportion of renewable electricity rather than
gas in the overall energy mix. In addition to a minimal loading of natural gas, Scenario B satisfies gas demand through a
combination of biogas/biomethane and hydrogen. Carbon emissions are offset by a combination of CCS and
agroforestry. A small uptake of energy efficiency measures is assumed for residential and commercial buildings. As per
Scenario A, hydrocarbon-fuelled road vehicles are replaced in Scenario B primarily by battery electric vehicles and, to a
lesser extent, with hydrogen fuel cell vehicles.

Scenario C proposes the most comprehensive energy mix of all scenarios. It has the least focus on any one type of low
carbon energy source. This is the primary advantage of Scenario C, as it reduces the risks associated with newer
technologies through moderated levels of production and scale. Scenario C is more closely aligned to Scenario D, due to
the relatively high proportion of gas rather than renewable electricity in the overall energy mix.

Scenario C satisfies gas demand primarily through production of green hydrogen, with use of blue hydrogen scaled to
use Victorian natural gas production through to its natural decline. Carbon emissions are offset by a combination of
agroforestry and carbon trading certificates. A moderate uptake of energy efficiency measures is assumed for residential
and commercial buildings. Hydrocarbon-fuelled road vehicles are replaced by a balanced mix of battery electric vehicles
and hydrogen fuel cell vehicles.

Compared with the other scenarios, Scenario D has the highest proportion of gas, primarily hydrogen, and its advantage
is the export potential of brown hydrogen produced by gasification of Victoria’s large brown coal reserves. Compared
with the other scenarios, Scenario D is more closely aligned to Scenario C due to the high proportion of gas (hydrogen)
in the overall energy mix.

Scenario D satisfies gas demand primarily through production of brown hydrogen, with some contribution from
biogas/biomethane and green hydrogen. Carbon emissions are reduced through extremely large-scale CCS and offsets.
This would require a significant expansion of CarbonNet and development of numerous other large-scale CCS and offset
projects. A small uptake of energy efficiency measures is assumed for residential and commercial buildings. As with

% Baseline annual energy demand data are sourced from Department of Industry, Science, Energy and Resources (2020a).
Forecast energy demand is based on AEMO’s 2020 Integrated System Plan Inputs and Assumptions. Available at
https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2020-integrated-system-plan-
isp/2020-isp-inputs-and-assumptions

% See Victoria in Future [website]. Available at www.planning.vic.gov.au/land-use-and-population-research/victoria-in-future

1% DORIS Engineering (2021)
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Scenario C, hydrocarbon-fuelled road vehicles are replaced by a balanced mix of battery electric vehicles and hydrogen
fuel cell vehicles.

Figure 8 summarises how energy demand is met under each scenario in 2030, 2040 and 2050, illustrating relative
reliance on fossil fuels, renewables, biogases and hydrogen during the transition. A more detailed breakdown is provided
in Appendix B.

Figure 8 Energy demand by scenario and energy type (2030, 2040 and 2050)

3,000

3

m Fossil fuels m Renewables m Biogases Hydrogen u Other

2,500

3

H
3 .

1,000

H

Energy consumption (PJ)

500

2030 2040 2050

‘Other’ includes include combined heat and power (waste-to-energy/biogas/biomass), geothermal and energy efficiency improvements.
Source: DORIS Engineering (2021); IV analysis
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5.2 What are the implications for gas infrastructure and gas users under the
scenarios?

Our analysis modelled the energy mix, carbon emissions and relative costs at 2030, 2040 and 2050 for each scenario.

Environmental, economic, technical, social and safety risks and opportunities were identified and assessed.

This is a preliminary analysis and many simplifications have been made. These simplifications mean the scenario results
should be considered as useful comparative data only. More detailed analysis will be conducted in the next phase of our
work, to inform our final recommendations. More detail on the scenario analysis can be found in the technical report on
our website at infrastructurevictoria.com.au.

5.2.1 Scenario analysis results

Table 3 Summary of key results

Scenario A Scenario B Scenario C Scenario D

Time to net zero Before 2050 | Before 2050 | Before 2040 2050
Cost to achieve net zero (comparative cost index)* 1.1 1.1 1.0 4.3
Annual hydrogen export by 2050 (PJ) 0 0 >125 >470
Absolute carbon emissions 2030 (Mt CO2e) 59 59 28 366
Absolute carbon emissions 2050 (Mt COze) -8 -5 -56 715
Carbon capture and storage loadings 2050 (Mt CO-e) 0 1 0 698
Potential job creation by 2050 8,767 8,826 13,013 17,477

Estimated infrastructure upgrades

Decommissioning of existing gas pipelines (2040) 40% 50-60% 75% 75%
Decommissioning of existing gas pipelines (2050) 80% 90% 100% 100%
Installation of hydrogen infrastructure (2050) 0 100% 100% 100%
Relative extent of electrical upgrades (2030)** 2 2 1 1
Relative extent of electrical upgrades (2050)** 5 5 3 2

* Represents a comparison of the relative capital and operating infrastructure costs between the scenarios, based on early strategic
level assessments, where 1 represents the lowest cost scenario.

** Represents the relative extent of of new or upgraded electrical infrastructure required in each scenario, over and above the existing
infrastructure. Values are a relative index, where 1 is the lowest level of electrical infrastructure required.

Scenario A achieves net zero slightly before 2050 through a high reliance on renewable electricity in the
energy mix

Scenario A targets a complete replacement of natural gas and coal, relying on take-up of renewables with a moderate
contribution from biogas, green hydrogen and energy efficiency. Renewables account for over 90% of the energy mix in
2050, while biogases, hydrogen and energy efficiency each comprise less than 5%.

Use of the existing natural gas infrastructure in Scenario A is limited given the low proportion of gas (including hydrogen
and biogas) in the overall energy mix. However, a slow phase out of natural gas and use of biogas enables some
infrastructure to be retained. Natural gas use will drop off in 2040 after the closure of the Longford facility, and completely
cease by 2050 when all Victorian gas plants are expected to reach their end of life. Decommissioning of the gas
distribution network will begin before 2030, as users begin to switch over to electricity. Around 40% of existing
transmission and distribution infrastructure will be decommissioned by 2040, rising to 80% by 2050. Remaining
infrastructure is used primarily for biogas, although the relatively low proportion of biogas in the energy mix may not
warrant its retention.

Scenario A requires significant upgrades to electrical infrastructure across the whole network to accommodate increased
demand and storage requirements. This scenario has significant renewable generation capacity in north-west Victoria,
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which would be under-utilised without upgrades to transmission lines. High-capacity electrical infrastructure in the
Latrobe Valley would also be under-utilised, as coal-fired power stations are closed and the electricity they generate is
removed from the grid. The significant additional electrical infrastructure needed to supply power around the state from
Renewable Energy Zones would see an increase in bushfire risk, which could be reduced by burying overhead
transmission lines in bushfire areas. Transmission lines were assumed to be above ground in areas of low bushfire risk
due to the very significant cost of burial. This, however, may have other amenity impacts.

Scenario A relies on hydro power to level out peak demand. There is a technical risk there are not enough locations in
Victoria with the topography required to support hydro power. However, hydro power can be sourced from other states to
provide backup with the use of state interconnections (for example, TasNetworks’ Bass Strait Interconnector or the
Snowy 2.0 hydro project in NSW).

Scenario B targets a near complete replacement of natural gas and a total replacement of coal, relying primarily on the
adoption of renewables with a contribution from biogas and hydrogen. Renewables make up just under 90% of the
overall energy mix in 2050. Hydrogen uptake is slightly higher than in Scenario A, at 5% of the energy mix, while
biogases account for less than 5%. Natural gas use represents 1% of the 2050 energy mix, declining from 17% in 2030
and 7% in 2040.

Phased blending of hydrogen, natural gas and biogas/biomethane in Scenario B could allow a small amount of existing
natural gas infrastructure to be used during the transition and beyond 2050. As in Scenario A, natural gas use will drop
off after the closure of Longford. By 2050, use of gas production and pipeline infrastructure will be limited to supporting
peak electricity supply using gas fired power plants. It is anticipated that one of the Otway gas plants and the lona
storage facility will be operational in 2050.

Some of Victoria’s gas pipeline infrastructure is reaching end of life, limiting its potential for long-term retention and
reuse. Over half of Victoria’s onshore pipeline infrastructure is greater than 40 years old, and operators need certainty
around the potential use and development of an ongoing viable gas network to confidently invest in replacing aging
infrastructure. In Scenario B, replacement of existing gas assets beyond their current life would require careful
assessment of costs against the alternative of installing new hydrogen infrastructure. Despite the ongoing use of natural
gas, the larger proportion and quicker introduction of hydrogen in this scenario could actually reduce the use of the
existing infrastructure when compared with Scenario A. By 2050, it is anticipated that 90% of existing pipeline
infrastructure will have been decommissioned, following a phased transition to allow for construction of a new hydrogen
network.

Risk in Scenario B is mainly associated with the development of the CarbonNet facility, which is still undergoing technical
assessment, to offset emissions associated with continuing natural gas use. It is unlikely that any existing pipeline
infrastructure could be reused for CCS due to the requirement for high operating pressure in offshore carbon storage. If
more ongoing natural gas use occurred up to and after 2050 than was modelled in Scenario B (e.g. if significant
residential gas use was to continue), the associated emissions would need to be captured and stored, or offset in some
way. This would increase the risk and the cost.

Scenario B requires slightly lower transmission upgrades than Scenario A, although they are still significant. Like
Scenario A, it has under-utilised renewable generation in north-west Victoria, but better use of the Latrobe Valley’s
existing high-capacity electrical infrastructure due to increased use of offshore wind turbines (for example, the Star of the
South project currently under development). As in Scenario A, increased bushfire risk associated with additional
electrical infrastructure could be reduced by burying transmission lines in bushfire areas.

Scenario C targets a complete replacement of natural gas and coal, relying primarily on the balanced adoption of
renewable electricity, green hydrogen and biogas. These comprise around 65%, 20% and 10% respectively of the
energy mix in 2050. Scenario C has the most balanced mix of energy sources, providing flexibility for adoption of new
technologies that may reach competitive pricing in the future, and a level of risk mitigation in the event that large-scale
green hydrogen production cannot be achieved. This is the only scenario under which Victoria’s interim emissions target
of 45-50% below 2005 levels by 2030 is achieved.

Scenario C has the greatest potential to maximise use of existing natural gas infrastructure during the transition to net
zero, due to the relatively high proportion of gas (biogas, biomethane and hydrogen) in the energy mix. Existing
infrastructure is initially reused for biogas/biomethane and hydrogen, subject to careful phasing and blending of these
gases, plus the introduction of natural gas to support blue hydrogen production (before Victorian natural gas production
ceases sometime before 2050). However, reuse of the existing natural gas network beyond the initial transition will be
limited by its ability to deal with the eventual high hydrogen levels in the gas stream, due to the potential for pipeline
embrittlement. By 2050, all existing natural gas infrastructure is expected to be decommissioned.
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Given the high level of hydrogen production in Scenario C, new hydrogen infrastructure will need to be in place by 2030,
with further expansion through to 2050. As new hydrogen facilities become operational, existing gas infrastructure will be
more rapidly decommissioned. Hydrogen plants installed in 2030 are all situated along the coast or in Renewable Energy
Zones close to water, while biogas facilities are located to the north of the state to maximise use of existing gas
infrastructure during the transition. The hydrogen facility located at the Geelong Energy Hub is ideally located close to a
suitable port, to take advantage of green hydrogen’s export potential.

Higher biogas production offers the opportunity to produce biomethane to substitute for natural gas. An advantage of
Scenario C is that biogas facilities can be distributed across the state, meaning they can be located closer to users
(minimising transmission and distribution infrastructure) and can maximise the use of different feedstocks. In this
scenario, annual biomethane production is ramped up to over 100 PJ, which is high compared with the upper end of
Victoria’s potential biogas supply estimates. However, further work is needed to fully understand the potential for biogas
and biomethane production in Victoria. By 2050, new technologies such as gasification of waste and biomass could also
be used to produce biomethane, complementing existing supply potential.

Significant energy from gas, including hydrogen and biogas, results in a greatly reduced electrical load in Scenario C.
The electricity required to produce green hydrogen is largely decentralised and located close to end users, to avoid
impacting the transmission system. As a result, lower levels of electrical infrastructure upgrades are required compared
with Scenarios A and B. Scenario C still includes some under-utilisation of renewable generation in north-west Victoria
and of the Latrobe Valley’s electrical infrastructure. The ability to supply power reliably for both electricity generation and
hydrogen production represents a technical risk for this scenario.

Scenario D targets a complete replacement of natural gas, relying primarily on the adoption of brown hydrogen
(gasification of brown coal) with some contribution from renewables, biogas and green hydrogen. Under this scenario,
hydrogen comprises approximately 60% of the energy mix in 2050, with renewable energy making up over 30% and
biogases around 5% of the total. Scenario D is the slowest of the four to reach the target of net zero emissions,
achieving it just on 2050. It is the only scenario under which carbon emissions increase in absolute terms and as a result
net zero emissions are only achieved through great reliance on CCS and carbon offsets. Consequently, this scenario
would be expensive to realise relative to the other scenarios.

The reliance on carbon storage in Scenario D requires rapid installation of extremely large-scale CCS. The CarbonNet
project is a good first step in developing this capacity for Victoria. However, the amount of carbon storage capacity
required by Scenario D is many times the nominal capacity of the CarbonNet project, whose aim is not to replace natural
gas in Victoria but to create brown hydrogen for export. Scenario D’s complete replacement of natural gas with brown
hydrogen is of an entirely different scale to that of the current Hydrogen Energy Supply Chain project. Large levels of
new storage capacity would have to be identified to meet the needs of Scenario D and this may not be feasible within
the required timescale. If adequate CCS storage capacity was not available in time, Scenario D would significantly
increase the risk of net zero emissions targets not being realised. Scenario D requires rapid installation of large-scale
hydrogen transportation infrastructure, given the specific location of the brown coal resource used to produce brown
hydrogen (this scenario represents a centralised energy production model similar to present day). A major coal-
gasification-to-hydrogen plant would also need to be developed, with significant capital costs and a long lead time to plan
and build.

Scenario D has the most significant gas usage (hydrogen and biogas), but use of existing natural gas infrastructure
would be limited given the embrittlement issues associated with transporting hydrogen in metal pipelines. The degree of
new pipeline infrastructure required is significant, tripling the expected capacity of the hydrogen pipelines required for
Scenario C. In addition, it is unlikely that existing pipelines could be reused for carbon capture at the pressure required to
support offshore storage locations such as CarbonNet.

Scenario D requires the least amount of upgrades to electrical infrastructure, with most upgrades supporting connections
to hydro energy storage. This scenario still indicates under-utilised electrical infrastructure in the Latrobe Valley and

renewable generation in north-west Victoria.

The main social risk in each scenario is the ability for society to adapt to the degree of change necessary to move to the
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* significant increases in the numbers of wind and solar farms and associated battery storage in Victoria
* atleast one large new hydroelectric power plant and large dam

* even more significant increases in the amount of rooftop solar, and house-based battery storage systems, changing
the dynamic of power supply and demand

* adoption of hydrogen for different uses, and consideration of associated safety requirements



* significant increase in the electricity distribution infrastructure
* as biogases take off, greatly increased focus on recycling and waste segregation.

All these changes are required to a certain extent for all scenarios, but are most clearly seen for Scenario A.

Our research found very few consumer studies which relate specifically to the gas transition in Victoria. Most consumer-
focused research explores attitudes on the electricity transition and energy efficiency, and on energy costs and
providers.

Research into energy affordability suggests that it has become a major concern for consumers. Electricity bills rose by
30% in real terms between 2003-04 and 2015-16, despite per capita use falling by 8%. Gas bills rose by 37% over the
same period, leading to a negative shift in perceptions of affordability. Consumers view electricity as the least affordable
form of infrastructure, with over 60% perceiving it as costly or very costly. Gas affordability also rates poorly, with 38%
viewing it as costly or very costly. !

These attitudes may influence the willingness of consumers to shift from one energy source to another, or to invest
further in the changes likely needed, such as appliance upgrades, to support Victoria’s energy transition. Other research
indicates that consumers look to governments to lead long-term change in the energy sector, but believe governments
have only a short-term focus. Similarly, consumers have little faith in energy companies making changes for the better.
These results suggest a need to restore and maintain trust in energy system pricing and regulation to achieve future
changes in consumer behaviour. 102

Some gas-related survey data from the Australia Institute’s Climate of the Nation 2020 found: %3

*  Only 12% of Australians would prefer Australia’s economic recovery to be primarily powered by gas, compared with
59% who prefer it to be powered by investment in renewables. The popularity of a renewables-led recovery was
consistent across all states, genders, ages and voting intentions.

¢ Australians overestimate the size of Australia’s gas industry employment by a factor of 40. Excluding those who say
they do not know, respondents on average believe that gas mining and exploration makes up 8.2% of the total
workforce. In reality, gas mining and exploration employs less than 0.2%.

¢ Australians also overestimate the economic value of the gas industry. Respondents on average believe that the
industry accounts for 10.3% of Australia’s gross domestic product, when the actual figure is less than 2.3%.

Gaps in the current knowledge base include:

e consumer attitudes to gas and an understanding of its role in relation to Victoria’s emissions profile and climate
change

¢ community/consumer understanding of new technologies which may replace gas (biomethane, hydrogen and carbon
capture and storage)

e community attitudes to investment in electrification (available now) versus investment in zero emissions gas
infrastructure (not yet available at scale)

* community and consumer attitudes to the ongoing exploration and production of gas and investment in gas
infrastructure in a zero emissions economy

e community and consumer attitudes to the gas transition and what it could mean for their home or small business (for
example, appliance changeovers for cooking/space heating/water heating)

* consumer attitudes to, and effectiveness of, potential policy initiatives to support the transition away from natural gas

e the impacts of the transition on vulnerable/low income households.

Infrastructure Victoria will seek to fill some of these gaps in understanding by commissioning our own research and
analysis in the next phase of this work.

The scenario analysis assumes that industrial gas users will either retain their own source of natural gas on the
transmission lines that exist, or that the cost of upgrading the networks to hydrogen will cover connections to their
facilities. The most likely outcome for industrial gas users under all scenarios, given the significant decentralisation and
scaling back of existing gas infrastructure common to each, will be to pay for connection to an alternative gas source (i.e.
hydrogen, biogas or biomethane), unless located near to an existing pipeline where gas blending allows use to be
maintained.

191 Infrastructure Australia (2019)
192 Energy Consumers Australia (2021)
103 Quicke A and Bennett E (2020)
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For industrial users in Scenario A:

* Renewables supply approximately 40% of the industrial energy mix by 2050 — predominantly wind, with limited solar
and hydroelectricity.

¢ Gases build to 40% of the mix by 2050, predominantly biogases including combined heat and power, with limited
green hydrogen. The logistical challenges would typically favour a regional ‘biogas hubs’ model, creating a
distribution of biogas production centres with each having a modest level of gas production.

» Efficiency upgrades contribute approximately 15% of the energy mix in 2050, while geothermal provides a low
proportion, building to 5% of the energy mix over time.

* The logistical challenges would typically favour a regional ‘biogas hubs’ model, creating a distribution of biogas
production centres with each having a modest level of gas production.

Scenario B retains a relatively small level of natural gas beyond transition (20 PJ in 2050), to provide peak electricity
coverage to firm variable renewable power and support hard to abate manufacturing such as plastics and alumina
production. Otherwise, for industrial users:

* Renewables are around 45% of the energy mix by 2050 (falling from over 80% in 2030) as the contribution from
biogases and geothermal energy builds.

e By 2030, a biogas facility will be in an urban location, close to the industrial zone in Laverton to support chemical
manufacturing. Gases build to 40% of the mix by 2050, predominantly biogases including combined heat and power,
with limited green and blue hydrogen.

* Energy efficiency upgrades contribute a low proportion, around 5% of the mix by 2050. Geothermal energy is a
slightly higher proportion, building to almost 10% of the mix.

For industrial users in Scenario C:

* Renewables supply approximately 30% of the energy mix by 2050 (falling from over 70% in 2030) as the contribution
from biogases and geothermal energy builds.

* Gases build to over 50% of the mix by 2050, predominantly biogases including combined heat and power, and green
hydrogen. Blue hydrogen from natural gas contributes 10% of the energy mix in 2030, equivalent to green hydrogen.
However, while green hydrogen production continues to build through to 2050, blue hydrogen declines to
0%following the decline of Victorian natural gas production.

» Efficiency upgrades are a low proportion, building to approximately 5% of the energy mix over time. Geothermal
energy is a low proportion, building to 5% of the mix over time.

In Scenario D, the major energy stream for industrial users is brown hydrogen with CCS:

* Renewables are a very low proportion of the industrial energy mix by 2050, less than 5%.

* Gases build to approximately 90% of the mix by 2050, predominantly brown hydrogen (at just over 60%), with
moderate loading of biogases including combined heat and power building to approximately 20%. There is also a
small proportion of green hydrogen in the energy mix, building to around 7% by 2050.

* Efficiency upgrades are not allocated in this scenario, while geothermal energy is a low proportion, building to
around 7% of the mix by 2050.

The most promising pathways to decarbonise the gas sector, as per our scenario analysis and the literature consensus,
are a combination of electrification, biogas, hydrogen and CCS, with no single pathway able to provide a complete
solution. The section above details likely impacts on gas infrastructure and users associated with specific mixes of each
pathway as defined in our scenarios. Likely impacts of each pathway for gas infrastructure owners and users covering
the entire gas value chain are summarised in Table 4.



Table 4 Summary of decarbonisation pathways and impacts on gas infrastructure

Lever for reducing
emissions from gas

Energy efficiency
(Bas)

Electrification

Carbon capture
and storage

Hydrogen

Biomethane

Source: Accenture (2021)

Exploration, production,

imports, processing

Lowers dermand for natural
gas, reducing upstream
opportunities

Mote: lower upstream
|leakage reduces emissions

Biomethane blending lowers
demand for natural gas,
reducing required
investment (minor effect)

Gas networks

Lowers demand for natural
gas, reducing required
network investment;
addressing leaks may in-
crease network investment

Potentizl net cost to owner/usar

Gas storage

Lowers demand for natural
gas, reducing storage needs

Mo direct impact

Mo direct impact

Mo direct impact

Requires investment in
upgrades for gas customers,
with mix of long and short
paybacks

Requires investment in
upgrades for gas customers,
with mix of long and short
paybacks

Mo direct impact

May require new meters
and safety devices for
blending; reguires appliance
upgrades at higher blending
levels

Mo direct impact

- Potentizl net benefit to owner/user

Expected impact on gas infrastructure Expected impact on gas
commercial B£ds Users

Regquires investment in
equipment and process re-
enginesring

Reguires investment for
electrification of process
heat and process re-
engineering

Supports extended role for
gas at facilities in CC5
clusters; investment
required in carbon capture
and transport

Requires process and
equipment upgrades;
hydrogen may replace
natural gas in some
industrial processes

Mo direct impact

Meutral or ambiguous effect on owner/user

electricity generators

Supports a longer-term role
for gas-powered generation;
investment required in
carbon capture and
transport
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5.3 What s the role of government?

The Victorian Government can play a crucial role to support the gas sector’s transition to net zero. Our research explored
a range of jurisdictions where gas plays a material role in the energy mix to understand how other governments are
approaching the transition and identify potential lessons for Victoria. This identified a range of policy options associated
with the different transition pathways being applied in different jurisdictions, which are summarised in Table 5.

Table 5 Policy options associated with gas transition pathways

Pathway .‘ Policy approach

Energy efficiency Provide rebates and incentives for energy upgrades

Update building codes to energy neutral standard

Electrification Provide rebates and incentives for electrification

Ban new gas connections

Remove existing buildings from the gas network

Carbon capture, utilisation Provide site appraisal, long-term revenue support, grants and incentives for
and storage major strategic projects

Substitution Support market demand and hydrogen supply concurrently, possibly with brown or
(hydrogen/biomethane) blue hydrogen production in the interim

Introduce consumer-funded blending mechanisms, such as a levy on gas
distribution networks

Test a consumer-led ‘opt-in’ approach

Provide industry funding and support

Source: Accenture (2021)

Across the jurisdictions included in this analysis — the United Kingdom, the Netherlands, Canada (western provinces)
and Japan — there are some lessons for Victoria.

* There is as yet no single clear pathway to net zero 2050 for gas — none of the comparison jurisdictions have yet
committed to fully decommission their gas networks. Jurisdictions are instead using a range of policy levers and
investing in multiple alternative technologies to keep their options open.

* Energy efficiency is a ‘no regrets’ measure which can be undertaken now — jurisdictions are focused on
increasing gas use efficiency and reducing gas use to provide short-term emissions reduction benefits and lower
costs while keeping other options open.

* Longer-term investments are aimed at diversifying options in an uncertain future — while investments in CCS
and substitution with hydrogen and/or biomethane involve some risk, they can open up future transition pathways for
gas.

* Along-term carbon price or emissions regulation may be required to attract capital commitments for large-scale
CCS and other capital-intensive projects. CCS will take significant policy support and government action to become
a feasible pathway for gas decarbonisation. Governments can play an important role in directly funding CCS projects
and coordinating clusters of CCUS customers.

* Policies and regulations across the Victorian Government need to align with net zero targets — aligning
policies and regulations across government will provide a strong framework to deliver net zero targets over time, and
allow for all infrastructure and network investment decisions to be compatible with pathways towards net zero.

* Gas infrastructure transition is a long-term commitment — jurisdictions expect to take at least 30 years to
upgrade or decommission infrastructure and complete their transition to net zero gas.
- Major energy system reform requires changes to regulations, safety rules, consumer tariffs, workforce skills and
training, and supply chains.
- Changes are likely to take many years to achieve widespread acceptance, so interventions that affect many
customers or involve changing consumer behaviour should start early.



The scale of change required is likely to incur significant costs whichever pathway is ultimately taken. These include
costs associated with decommissioning certain assets, while upgrading others and building new infrastructure. A key
consideration for government will be to manage the risks associated with transition, including financial risks for taxpayers
alongside environmental risks and the consequences of inaction. '® More detailed analysis of the approaches of other
jurisdictions to gas within the future energy mix can be found in the technical report, available on our website at
infrastructurevictoria.com.au. '

In 2019, the United Kingdom Government legislated its target for net zero emissions by 2050, with interim targets and
five yearly ‘carbon budgets’.

* The Climate Change Committee is an independent body that advises the government on carbon budgets and
policy pathways to achieve national emissions targets in five yearly intervals. The United Kingdom released its
Sixth Carbon Budget, covering the period 2033-2037, in December 2020. The pathway recommended in the
budget requires a 78% reduction in United Kingdom emissions from 1990 to 2035, bringing forward the previous
80% target by nearly 15 years.

e The government's 10 Point Plan for a Green Industrial Revolution was released in 2020. The plan identifies
the broad areas of expected policy action that will define the country’s pathway to net zero. Detailed roadmaps for
specific sectors aligned with the 10 Point Plan are expected in 2021, including a Net Zero Strategy, a Hydrogen
Strategy, an Industrial Decarbonisation Strategy and a Heat and Buildings Strategy.

* In 2020, the UK Government updated its interim target to a 68% reduction in 1990 levels of greenhouse gas
emissions by 2030 (previous commitment was a 53% reduction). In April 2021, the government announced plans
to cut emissions by 78% by 2035 compared with 1990 levels — the most ambitious targets so far globally.

Regulation of UK gas networks is aligned to emissions targets, providing a framework to fund the path to net zero.

* The UK energy network regulator Ofgem has considerations for net zero built into its pricing approach, providing
a framework to support the energy market transition to low emissions technologies.

- Up to £20 million a year in funding is available for gas network operators to demonstrate options for low
carbon gas networks.

- Atotal £40 billion has been allocated to supporting energy networks to meet net zero, including funding for
network upgrades and maintenance.

* The North Sea Transition Deal is a partnership between the UK Government and the oil and gas sector to
reduce emissions, electrify offshore production and drive investment in new energy technologies including
CCUS and hydrogen.

e Carbon pricing provides signals and incentives to the market to reduce emissions and transition to low carbon
alternatives (since Brexit, the UK and the European Union have operated separate carbon markets).

e Support has also been provided for electrification, gas decarbonisation and gas substitution projects, as well
as multiple funding pools to transition to lower carbon and more efficient heating, including:

- electrification — funding to support transitions to electric alternatives for gas in building and industry
- decarbonisation — establishment of two industrial CCS clusters by 2025, with two more by 2030; innovation
funding to reduce the costs of CCS

substitution — innovation funding to accelerate production of low carbon hydrogen; Green Gas Support
Scheme, funded by a Green Gas Levy on gas suppliers, to support the injection of biomethane in the grid;
Gas Network Innovation Competition for demonstration projects trialling hydrogen-powered homes

- gas efficiency — building heating and energy efficiency grants; efficiency and low carbon options for
industrial processes incentivised through funding and innovation competitions.

We have undertaken a review of the legislative and regulatory settings relevant to gas infrastructure in Victoria, to better
understand the different energy bodies and their role within the gas sector.

Victoria’s energy sector is almost entirely under private ownership, and operates under various legislative frameworks
depending on the activity. It is a complex system, with national regulatory arrangements working alongside state-based
regulation to address safety, environmental and development issues that require a local response.

104 OECD (2015)
195 Accenture (2021)
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The Victorian Government retains responsibility for Victoria’s overall energy and climate policy, but works in collaboration
with other jurisdictions. As a result, some gas sector activities fall strictly within Victoria’s key responsibilities, such as
safety, but some operations and economic regulatory activities are delegated to national bodies, such as the Australian
Energy Market Operator (AEMO) and the Australian Energy Regulator (AER). In summary:

* Gas exploration and production activities are regulated by state agencies when the activities are onshore or within
three nautical miles of Victoria’s shores. Beyond three nautical miles, it is regulated by the National Offshore
Petroleum Safety and Environmental Management Authority. Commonwealth and state ministers jointly decide on
the release of exploration areas and petroleum titles, supported by the National Offshore Petroleum Titles
Administrator.

¢ Gas transmission and distribution infrastructure operates under national arrangements, with economic rule
making and regulation enforcement delegated to national bodies. Pipeline safety and other consumer protections,
such as business licensing for those involved in supplying gas along with performance monitoring, are undertaken
by various state agencies including DELWP, Energy Safety Victoria and the Essential Services Commission.

e State-based land use planning, environment, building and development regulations govern gas infrastructure
development, involving various government agencies and local councils.

* Health and safety across the gas value chain is regulated by WorkSafe Victoria, the health and safety regulator for
all Victorian workplaces.

A more detailed overview of key regulatory bodies, their role in the gas sector and the relevant legislation in provided in
Appendix C.

Each of our four scenarios assume a radical change in energy sources by 2050. Each scenario has very different
consequences for gas infrastructure, but common considerations are shared across all scenarios.

A key consideration is the National Gas Law, which aims to ‘promote efficient investment in, and efficient operation and
use of, natural gas services for the long-term interests of consumers of natural gas with respect to price, quality, safety,
reliability and security of supply of natural gas’. Australian energy bodies must have regard to this objective, which does
not specifically incorporate emissions reduction considerations, climate risks or impacts on the environment. However,
energy bodies may take climate change and the environment into account if it impacts on price, quality, safety, reliability
and security of supply. 106

Other legislative, regulatory and policy considerations are summarised below.

A significant shift to electricity in place of gas by 2050 would mean retiring large parts of the gas network. This would, in
turn, reduce the revenue that gas distribution network businesses can expect to recover from customers for using their
networks. Businesses therefore need clear direction from the Victorian Government on future gas use to enable them to
recover the costs of their investment in a shorter timeframe if necessary (approval would be required from the Australian
Energy Regulator). This has occurred in the Australian Capital Territory, where the ACT Government, in addition to its
legislated net zero emissions by 2045 commitment,'%” has a clear policy of phasing out new and existing gas
connections.'%8 Clear policy direction on gas connections will also benefit electricity network planning, which may need to
upgrade or build additional infrastructure in some areas to respond to increased demand.

Moves to reduce the use of natural gas in response to Victoria’s net zero emissions targets create a clear risk to gas
infrastructure owners and operators. Robust regulatory frameworks will need to be developed to ensure safety and
appropriate levels of investment are maintained by gas network infrastructure owners while parts of the network are
simultaneously retired. Decommissioning and rehabilitating orphaned or abandoned assets, such as gas wells in the
Gippsland Basin, may also pose a risk to Victorian taxpayers if the liability for decommissioning costs is not clear. Policy
frameworks may be needed to guide decommissioning assets and any required remediation. Lessons from other
transitions may prove useful, such as the rationalisation and modernisation of Australia’s agricultural water infrastructure.

Regardless of the ultimate pathway to decarbonise the gas sector, the Victorian Government will need to ensure all
legislation, regulations and standards are aligned with the state’s net zero emissions target, which is not currently the
case.

106 AEMC (2019)
197 ACT Government (n.d.(b))
198 Australian Energy Regulator (2021); ACT Government (n.d.(a))



To enable greater electrification for example, new buildings will need to be electric only, while existing buildings
connected to the reticulated gas network would need to change fittings and appliances to electric. Victoria’s planning and
building regulations currently make this challenging:

e The Victorian Planning Provisions state that residential developments should be connected to gas infrastructure
‘where available’.% This requirement has likely caused land development projects, like the Quandong Precinct in
Wyndham, " to include an expensive gas network as a requirement of the planning permit.

*  Current plumbing regulations further embed gas connections. For example, new solar hot water heaters must be
boosted with gas in every instance where reticulated supply is available for connection to the relevant building
despite electric alternatives being available. "

From an infrastructure perspective, the greater concern is expanding a gas network to new developments which may
become stranded before the end of its useful life of several decades unless they can be built or retrofitted to
accommodate low carbon gases. New connections to existing gas infrastructure present less risk. However, both embed
gas use and emissions if there is no conversion plan.

Similarly, legislation, regulations and standards will need updating to enable existing gas networks to transport hydrogen
or biogas to homes, businesses and industries (assuming this can be achieved by 2050). Existing research suggests
amendments to the definition of natural gas in the National Gas Law will be needed at a minimum, as its current
definition precludes the injection of future fuels such as hydrogen or biogas into existing gas infrastructure.''? The Future
Fuels Cooperative Research Centre has completed a regulatory mapping project across all aspects of the gas supply
chain. For Victoria, it suggests:

¢ expanding the definition of natural gas in the Gas Industry Act 2001 to include non-naturally occurring substances

* broadening gas quality provisions in the Gas Safety (Safety Case) Regulations 2018 to include gases other than
natural gas and LPG and/or include hydrogen and biogas

e communicating the differing risk profile of hydrogen to land use planning authorities, and incorporating this into
decision-making frameworks for development near hydrogen manufacturing facilities, transmission and distribution
pipelines; this covers the Planning and Environment Act 1987 and the Occupational Health and Safety Regulations
2017.113

In addition, national laws and standards would need review. For example, the National Construction Code does not
currently permit hydrogen blended at 50% or more in gas water heaters."''* Standards Australia has formed a Hydrogen
Technologies Technical Committee to develop national hydrogen standards. Standards Australia is also working with
other bodies to include specific requirements for hydrogen in other standards. "%

Achieving net zero emissions will require significant infrastructure in terms of electrical transmission, battery and solar
panel connections, hydrogen and carbon dioxide pipeline networks, production and storage facilities — all of which
require planning applications, licence applications and compliance. This represents an economic cost to the developer,
and to the regulator, in terms of the costs associated with managing the level and speed of infrastructure development
necessary to achieve net zero.

Energy, including gas, is part of a national system. The Victorian Government will need to work in close collaboration
with other jurisdictions to achieve its net zero emissions target. This is potentially challenging where policy objectives
across different jurisdictions do not align. The Australian Government is yet to commit to net zero emissions by 2050,
committing instead to reduce greenhouse gas emissions by 26-28% below 2005 levels by 2030.116

One area for further examination is gas production and links with other states. Even today, Victoria’s key gas fields are in
decline,"” and significant gas production and pipelines may need decommissioning in the future. The Australian
Government is considering an enhanced framework for offshore oil and gas decommissioning, aiming to ensure effective
regulatory oversight and financial safety nets to strengthen protections for the environment, industry, government and

19 Department of Environment, Land, Water and Planning (2021f) Clause 56.09-2
10 City of Wyndham (2018)

1 Plumbing Regulations 2018, s.11(4)(a)

12 Sandri O et al (2020)

113 Sandri O et al (2020)

114 Sandri O et al (2020)

15 COAG Energy Council (2019a)

16 Department of Industry, Science, Energy and Resources (2021a)
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community as companies manage their maturing assets. ''® For pipelines supplying gas to other states, significant
coordination will be needed to ensure net zero goals can be achieved while maintaining energy security across Australia.

Australia’s National Hydrogen Strategy demonstrates all jurisdictions working together to further the development of
potential future technologies. The strategy has been agreed by all energy ministers across Australia’'® and outlines
shared principles for nationally consistent regulation, including collaboration. The strategy sets actions to set up the
foundations for an expanded hydrogen industry. This includes:

* supporting research, pilots, trials and demonstrations along the supply chain, including for gas distribution networks
where it is safe and suitable

* reviewing the application of the National Gas Law and relevant jurisdictional laws and regulations to hydrogen

* reviewing existing legislation, regulation and standards across all jurisdictions to determine if existing frameworks
can support hydrogen safety and industry development

* developing and incorporating ‘hydrogen-ready’ capabilities into planning and regulatory approvals mechanisms

* Australia leading design and development of an international guarantee of origin scheme to verify and track
production technology, carbon emissions and location

e training, including industry skills development and updated training for emergency services and regulators.'?°

Globally, energy efficiency is set to be the single largest contributor to reducing greenhouse gas emissions from
energy.'2" With households the biggest user of gas use in Victoria, improved thermal performance of buildings is a clear
‘no regrets’ measure. It reduces the amount of gas needed to heat a home, which would relieve some of the near-term
gas supply pressures and reduce the need for new gas infrastructure. If electrification is pursued, improved efficiency
also reduces the need for new electricity infrastructure. Measures include improving building standards for new homes,
and encouraging upgrades to existing buildings.

The Victorian Government’s flagship program, Victorian Energy Upgrades, has been running since 2016. However, the
last target period will end 31 December 2029, '?2 meaning there may be gaps in encouraging energy efficiency
improvement from 2030. In addition, not all effective energy efficiency measures are supported. For example, there is
currently no scheme to support households to improve insulation, which research has identified as the most
cost-effective energy improvement and which can reduce the cost of heating and cooling a home by 40-50%.'%3

There are likely some gas uses that cannot shift based on current technology. This includes industrial processes that
require significant heating, and potentially existing gas-fired electricity generation to maintain system security and
reliability. >* A clear and broad offsets regime can support the transition to a cleaner future.

The Climate Change Act 2017 is designed to work effectively alongside, or to supplement, national action. It requires
Victoria to reduce its emissions as close to zero as possible, maximise removal of greenhouse gas emissions from the
atmosphere through sequestration activities in Victoria and, if the amount of sequestration does not balance any
remaining emissions, secure eligible offsets from outside Victoria. '2°

The Land use, land use change and forestry sector emissions reduction pledge contains some actions to protect and add
to existing sources of natural carbon storage. The pledge actions are estimated to reduce Victoria’s emissions by

1.4 Mt COze in 2030, but this represents less than 10% of 2018 emissions from direct combustion alone.?® Regulations
to prescribe eligible offsets are yet to be made.

Carbon capture and storage access for industry could also be important but will take significant policy support and
government action. Overseas experience indicates that large-scale CCS projects need a long-term carbon price or

18 Department of Industry, Science, Energy and Resources (2021c)
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21 International Energy Agency (2018)
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123 Sustainability Victoria (2021)

124 Wood T and Ha J (2021)

125 Victorian Parliamentary Debates (2016)

126 Department of Environment, Land, Water and Planning (2021b); Department of Environment, Land, Water and Planning
(2020)



emissions regulation to attract capital commitments.'?” The Clean Energy Regulator is examining CCS methods for the
Emissions Reduction Fund.'?®

As the technical and economic feasibility of hydrogen, biogas and CCS is developing, governments can support trials,
pilots and demonstrations. The Victorian and Australian governments are supporting the potential development of
hydrogen production and CCS in Victoria. The Australian Budget 2021-22 includes $1.2 billion over 10 years for
investments in low emissions technology, including support for hydrogen hubs and carbon capture, utilisation and
storage.?®

Support includes ensuring adequate safety and other frameworks for testing to occur. For instance, the Australian
Energy Market Commission has prepared rule changes to make it easier for businesses to do test runs of innovative
ways to deliver energy services to consumers. '3 Research support into natural gas replacement options could also be
examined, such as research into heating and feedstock for industrial uses.

Our literature review and stakeholder consultations identified other potential policy measures to support new
technologies, including:

* broad-based zero emissions policies, supporting a range of decarbonisation options including biogas and hydrogen

¢ policies that encourage co-location of hydrogen supply and demand

» establishing near-term aspirational targets for renewable gas injection into networks, or blending and technology
targets

» certification and trading schemes

e zero emissions gas contracting schemes, similar to electricity Power Purchase Agreements

* subsidies, investment funds, tax credit schemes. 3!

Some policy levers will need to be balanced with the extent to which decarbonisation of the gas network through zero
emissions gas is proven. It may be too early to tell for some of these levers.

All future scenarios represent change. The Victorian Government will have a key role in building community knowledge
and engagement on these changes. Consumer engagement in decision-making is critical from the outset as they will
bear much of the transition burden. End-users will need to be ready for new energy sources, either upgrading appliances
for electricity or hydrogen. The community will also need to be engaged on risks, benefits and safe use.

A gas transition will also have financial implications for households. For example, bringing forward payments to gas
distribution network businesses for infrastructure to allow them to mitigate risk would likely mean higher gas bills for
customers. While this may encourage customers to switch to electricity, those who cannot afford an upfront investment
to make changes to their heating and cooking, or who are unable to make changes to their properties such as renters,
may wear significant financial burden. There is a clear role for government in managing affordability and equity issues
associated with any transition away from gas, particularly given existing consumer concerns with energy affordability. 32

All future scenarios for net zero emissions will require significant infrastructure installation, which will require many
planning, manufacturing, construction and maintenance jobs. While many of these skills exist in Victoria and can be
transferred from fossil fuel industries, the government must play a role in identifying gaps and developing appropriate
training programs. Large and rapid infrastructure construction programs present greater risks, particularly for new
technologies, and can be challenging to deliver.

There are several uncertainties and interdependencies when considering the role for gas in Victoria’s future energy mix.
A summary of our early findings is provided below. These issues, and their implications, will be analysed in more detail in
the next phase of this work.

127 Accenture (2021)
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Electrification as a transition pathway from natural gas use will inevitably place additional demands on electricity supply.
As households and the commercial sector shift to electricity instead of gas, peak demand in Victoria will likely move from
summer to winter, largely due to space heating, and increase by around 40%. When combined with likely increases in
demand associated with electric vehicle use, this could place stress on the electricity grid and require additional
investment in generation and storage. 133

Demand patterns for electricity are also changing due to the strong uptake of rooftop solar and other distributed energy
resources, where consumers can generate and store electricity. This reduces demand for electricity during the day, but
increased reliance on renewables for electricity generation creates new challenges around reliability and security as
supply is weather dependent. Renewable generation therefore needs to be supported by ‘firming’ capacity so that power
supply can be assured.'3* Gas-powered electricity generation is suited to this firming role as it can be ramped up and
down quickly in response to changes in demand. '3 However, hydro generation and batteries are also able to perform
this role, and demand response (that is, financial incentives for electricity users to temporarily cut their electricity use
from the grid when it is under pressure) will also be important in responding to sudden shifts in output from renewable
generators. 136

There are significant opportunities to further decentralise electricity supply and diversify the energy mix to solve problems
in a holistic way, across multiple sectors, for example by further developing waste-to-energy and biogas technologies.

As highlighted throughout this report, significant uncertainties remain over alternatives to natural gas use at scale, the
ability to repurpose existing gas infrastructure and the use of CCS as a decarbonisation pathway. It is prudent to
continue investing in research and pilot projects for at least the next five years to test which of these technologies have a
potential future, even though all may not ultimately prove to be viable at the required scale, to help ensure the widest
range of future options available to Victoria.

Our analysis to date indicates that it is highly likely that a mix of all available options will prove to be the best (and lowest
cost) solution. This does not imply that all technologies will be deployed to the same extent, but rather that pursuing a
mix is most likely to result in Victoria’s net zero emissions target being achieved and will mitigate the risk should any of
the anticipated opportunities of newer technologies be unrealised. Cost and feasibility of alternative technologies will
change over time, but at present there is no single cost-efficient, low-risk pathway to achieving net zero. It is therefore
advisable to work towards multiple options that can create a range of viable pathways to achieving net zero emissions,
that can also deliver reliable and cost-effective energy and will best use existing and planned infrastructure.

Victoria’s reliance on gas means that reliable and affordable gas supply will need to be maintained until low emissions
alternatives become available at scale, so that households and businesses can continue to access the fuel they need.
Ongoing investment in the network will therefore be needed to ensure it remains fit for purpose. This will potentially
increase risks to network infrastructure owners, including the risk of over-investing in infrastructure which may not have a
long-term future.

Too rapid a transition away from gas may mean that options to use existing gas infrastructure, such as hydrogen blends
or biomethane, are ruled out before the technology can be proven at the required scale. Demand management initiatives
and targeted energy substitution can support an orderly transition, prioritising measures which will have the most impact
in the first instance while allowing time to further explore options — including emerging technologies — for hard to abate
industries such as plastics manufacturing.

Our review of the legislative and regulatory settings relevant to gas infrastructure in Victoria has highlighted a complex
system where national regulatory arrangements sit alongside state-based regulations. Many different Victorian and
Australian government departments and bodies are responsible for regulating and overseeing different parts of the
sector, as well as determining policies which may affect its future.

This means that policy objectives are not always consistent across jurisdictions. An obvious example is the different
approaches between the Victorian and Australian governments towards a net zero 2050 emissions target. The energy
system is nationally connected, meaning future coordination will be required between the Australian and state and
territory governments even though policy objectives may differ.

133 Wood T and Dundas G (2020); Wood T and Ha J (2021)
134 Australian Energy Regulator (2020)
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The decisions needed to ensure that opportunities for gas infrastructure can be optimised in the transition to a zero
emissions future will be outlined in specific recommendations in our final advice. However, our work has identified
several considerations which will inform these recommendations.

The Victorian Government has committed to reducing Victoria’s emissions to net zero by 2050 and to meeting interim
emissions targets and sector pledges. This cannot be done without a pathway and detailed planning for decarbonising
the gas sector, a challenge the Victorian Government has recognised in funding the development of a Victorian Gas
Substitution Roadmap.

Lessons from overseas indicate that a gas transition will likely take multiple decades. Relative to the countries studied in
our interjurisdictional analysis, ¥ Victoria is starting from behind. Recent analysis has highlighted that the next decade
will be critical in international efforts to reach net zero by 2050.'38 Inaction, or any long delay, will be environmentally,
economically and financially expensive.

Victoria cannot wait for the perfect solution to present itself and should instead prepare for the changes to come. Gas
infrastructure owners and operators need clarity about the sector’s future potential so they can support innovation, make
appropriate investment decisions and minimise the risk of over-investment or stranded assets. While Victoria’s industries
need a reliable and affordable gas supply — or a viable alternative — there is a risk they will be left behind if the global
shift to decarbonisation is ignored. Similarly, Victorian households need to recognise the potential implications of
continued gas use for Victoria’s net zero targets and be supported to consider alternatives.

The uncertainty about the role of gas in the future energy mix, as well as the viability of substitute fuels and
decarbonisation technologies at sufficient scale, mean it is too early to pick a winner. Our work has highlighted the
importance of keeping all options open, rather than locking in a single course or pathway which may turn out not to be
the best course of action. Victoria must diversify its strategy.

This means investigating multiple potential pathways and technologies, even if it is not yet certain these investments will
deliver the necessary results. There is an ongoing role for the Victorian and Australian governments in providing financial
incentives as well as non-monetary support (such as legislation or regulatory change) to enable investigation of all
pathways.

Victoria’s reliance on natural gas for space heating indicates that significant change will be needed for households and
businesses in any transition from natural gas. Experience overseas points to the importance of starting work to change
consumer behaviour early, particularly given the large number of households and businesses affected. '3 The
International Energy Agency further emphasises that the scale of the transition to net zero will require the sustained
support and participation of individuals and households.'° The low levels of consumer trust in energy companies and
governments to lead change in the sector will likely add to complexities of behaviour change.#

Decarbonising the gas sector will also impact the existing and future workforce, including the gas production, distribution
and transmission workforces as well as relevant supply chains such as construction, manufacturing and maintenance.
Early consideration of the potential skills impact will be needed to ensure that future skills needs are identified and that
the workforce can retrain as needed throughout the transition.

Our research to date points to the importance of energy efficiency as a ‘no regrets’ measure, whichever pathway
ultimately leads to gas sector decarbonisation. Investing in energy efficiency where it can be achieved will allow time for
consumer behaviour to change, as well as for further research and development into replacement and decarbonisation
technologies. Reducing overall demand for gas also helps minimise the need for carbon offsets in any instances where
natural gas cannot yet be replaced, such as some industrial processes, and reduce the risk of over-investing in
infrastructure.

Given that households account for the major proportion of gas use, the immediate focus for energy efficiency and
demand management initiatives should continue to be the residential sector. While improved building standards have

137 Accenture (2021)
138 International Energy Agency (2021)
138 Accenture (2021)
140 International Energy Agency (2021)
41 Energy Consumers Australia (2021)
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significantly increased energy efficiency in new dwellings, there are opportunities to develop initiatives which focus on
improving the thermal performance of existing buildings.

As the second-biggest user of natural gas in Victoria, the industrial sector should also be the focus of further energy
efficiency measures. However, more work needs to be done in understanding the full potential for energy efficiency in
Victoria’s industries, including manufacturing.

Our analysis indicates that opportunities remain for the Victorian Government to better align policies and regulation with
net zero pathways, to provide a strong framework to deliver Victoria’s net zero 2050 emissions target. Significant
progress has been made with the release of interim emissions reduction targets for 2025 and 2030, along with the first
round of five-yearly sector pledges, in May 2021.142

However, some Victorian policies still encourage gas network expansion or further embed gas use (for example,
plumbing regulations which require gas-boosted solar hot water). 3 In addition, our interjurisdictional analysis indicates
there is no direct consideration of Victoria’s net zero target in the regulatory frameworks for the gas transmission and
distribution networks, or for energy retailers. All future infrastructure and network investment decisions should be tested
for compatibility with pathways to net zero. 4

142 Department of Environment, Land, Water and Planning (2021d)
143 Plumbing Regulations 2018, s.11(4)(a)
144 Accenture (2021)



6. Next steps

This report summarises the evidence we have gathered on gas infrastructure. All the technical reports underpinning this
evidence base are available on our website at infrastructurevictoria.com.au.

Infrastructure Victoria is now seeking feedback on the evidence set out in this report and potential actions identified.
We welcome feedback from the community, industry and other stakeholders on all aspects of the report.

The following questions have been developed as a guide to preparing a submission.

Questions for consideration include:

* Do you have any further information, evidence or concerns that you wish to raise in relation to the scenario design
and analysis?

* Do you have any further information or evidence that can help identify an optimum scenario for a net zero emissions
gas sector in 20507

*  What policies and/or regulations, if any, are needed to support the development of low carbon pathways such as
biogas, green hydrogen, and carbon capture and storage?

*  What is your view on the best ways to maintain the reliability and affordability of Victoria's gas supply if natural gas
use declines?

*  What else can you tell us about the implications of decarbonisation pathways for the electricity generation,
transmission and distribution networks?

* How can the use of Victoria's existing gas infrastructure be optimised during the transition to net zero emissions,
over the short (10 years), medium (20 years) and long-term (30+ years)? How can the Victorian Government assist
in this?

*  What principles should apply or what measures will be needed to manage the impacts of gas decarbonisation on
households and businesses?

* What policies, programs and/or regulations should the Victorian Government consider or expand to encourage
households, commercial buildings and small businesses to reduce their gas use?

* What policies, regulations or other support, if any, do you think are needed to support industrial users to switch from
natural gas to lower emissions energy sources or chemical feedstocks?

A submissions template is available on the Engage Victoria website at engage.vic.gov.au. The submissions template is a
guide only and is not compulsory. Your submission can relate to all or just part of this report. Please upload your
submission on Engage Victoria. We will accept submissions until 16 August 2021.

Late submissions cannot be accepted.

If you have any further queries you can email enquiries@infrastructurevictoria.com.au

All submissions will be analysed alongside the findings of our next round of technical work, to include:

* Consumer research into household gas use and the transition to net zero emissions, to help inform our
understanding of the opportunities and risks for household gas infrastructure, as well as the barriers and enablers to
a net zero emissions energy sector in Victoria at a household level.

* Energy efficiency investment analysis to identify cost-effective gas use reduction initiatives.

* An asset life review to understand the condition and capacity of Victoria’s existing gas infrastructure and assess
potential pathways to upgrade and/or decommission.

* A second, more detailed phase of the scenario analysis to assess the role of gas in a net zero emissions energy
sector in Victoria, to include the relative costs of maintaining a gas network under different scenarios. This work will
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also consider how the scenarios can meet Victoria’s recently-published interim emissions reduction targets for 2025
and 2030.

Our final advice will address potential sequencing, the timing and extent of infrastructure impacts, and identify key

decisions and trigger points. A report outlining our recommendations will be provided to the Treasurer no later than
December 2021.

Our findings and recommendations will help inform the final Victorian Gas Substitution Roadmap being developed by the
Department of Environment, Land, Water and Planning (DELWP), as well as wider energy sector, industry transition and
emissions reduction policies developed by the Victorian Government.



7. Appendix A Scenarios in
detail

Table_A1: Detailed scenario descriptions

Scenario A. zero emissions B. net zero emissions C. zero emissions D. net zero emissions
electrification — no electrification hydrogen with biogas = hydrogen with biogas

natural gas supported by natural and electrification and electrification

gas

industrial feedstock

* Major biogas upscale
behind-the-meter
lessens requirement
for centralised
generation

industrial feedstock

* Small upscale of
biogas, focus on local
use in farms, WWTP
and waste facilities

production, upscale of
blue hydrogen to
support transition

¢ Moderate upscale of
biogas

Description e Almost full ¢ Extensive ¢ Hydrogen using ¢ Hydrogen using both
electrification using electrification with renewable sources renewable sources
renewable sources, renewable sources, really takes off as a and coal with CCS
utility-scale battery significant small- substitute for natural | « Some waste to
storage and some medium battery gas energy and biogas
pumped storage and limited | « Some waste to and renewable
hydroelectric pumped energy, biogas and electricity sources

* Very little natural gas | hydroelectric renewable electricity with some battery
except where it is * Some natural gas to sources with some storage
irreplaceable — and support the battery storage * No natural gas by
none by 2050 renewable electricity | « No CCS 2050

* No CCS by 2050 system and some + No natural gas by

industrial uses 2050
* Made net zero by
CCS and offsets

Electricity * Renewable energy * Renewable energy * Renewable energy * Renewable energy

generation (mainly solar and (mainly solar and generation supported generation supported
wind) generation wind) generation by green hydrogen, by hydrogen, waste-
supported by pumped supported by natural waste-to energy and to energy and
hydro, waste-to gas plants for peak biogas-fired plants biogas-fired plants
energy supply (with CCS), » Large upscale of * Moderate upscale of

« Large upscale of waste-to energy renewables for both renewables mainly
renewables * Large upscale of electricity and green solar and wind

« Utility-scale solar renewables hydrogen production

farms and small-scale | * Utility-scale solar
solar farms and small-scale

» Utility-scale onshore residential solar
and offshore farms » Utility-scale onshore

* Smart networks at all | and offshore farms
scales for grid * Smart networks
reliability ensure grid reliability

Gaseous * Small upscale of * Small upscale of * Massive upscale in * Decreased hydrogen

fuels hydrogen, mainly for hydrogen, mainly for green hydrogen production and

associated CCS costs
* VIC hydrogen (incl
export) hubs
* Biomethane in gas
network for regional
use
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Scenario

A. zero emissions
electrification — no

natural gas

B. net zero emissions
electrification
supported by natural
gas

C. zero emissions
hydrogen with biogas
and electrification

D. net zero emissions
hydrogen with biogas
and electrification

¢ Combined heat and
power

Energy
storage

* Major improvements
in battery technology

* Large-scale pumped
hydro and battery
farms

* Networked batteries
for large-scale ‘smart’
demand side
response

* Moderate
improvements in
battery efficiency and
cost meaning more
peak generation is
required

Small-scale (non-
networked) residential
batteries for demand
side response

* Significant
improvements in both
battery and chemical
hydrogen storage,
supported by pumped
hydro and batteries

¢ High reliance on
hydrogen as energy
storage in gas
pipelines and gas
storage facilities
(above- and
underground)
supported by small-
scale batteries and
pumped hydro

Carbon offset

¢ Limited offsets
* No CCS

L]

Small-scale CCS for
gas-fired energy
production and
suitable heavy
industry

Small-scale carbon
forestry

Blue and green
hydrogen develops
extensively — limited
offsets required

Large-scale CCS
enables low-carbon
hydrogen (SMR and
gasification)
CarbonNet is
successful (and
possibly others)
Large-scale carbon
sequestration

Transmission

* Moderate upgrade

Major upgrade

Major upgrades to

Smaller upgrades of

and electricity network electricity network electricity network electricity network
distribution due to higher demand | due to higher demand |  due to higher demand | « Conversion of gas
but lower * Gas network primarily | « Conversion of gas networks for
transmission due to unused, stranded networks for hydrogen, CO2 and
regional-scale asset hydrogen, CO2 and biomethane
generation, storage | , ggject gas pipelines biogas * LNG terminal(s)
and networking repurposed for * LNG terminal(s) become hydrogen
¢ Gas network unused transport of CO2 become hydrogen hubs
hubs
Residential * District combined * High efficiency * Significant efficiency | « Small efficiency
and heat and power in upgrades and upgrades (decreased upgrades (slightly
commercial high-density and decreased energy energy demand) decreased energy
use (space industrial areas demand * Biogas and demand)
and water * Electric and small- * Energy-sufficient hydrogen-fired * Biogas and
heating, scale geothermal homes heating with hydrogen-fired
cooking) heating in low-density | « Upgrades to electric appropriate appliance heating with

areas
* Electric cooking

or geothermal
appliances

Upgrades to electric

upgrades

Mix of biogas, electric
and hydrogen

appropriate appliance
upgrades

Biogas and hydrogen

induction stoves cooking cooking
Industrial use | * Extensive efficiency ¢ High industrial * Biogas and * Biogas and
and innovation efficiency upgrades hydrogen-fired hydrogen-fired
(decreased energy and decreased heating heating
demand) energy demand * Upgrade of heating « Upgrade of heating
* High intensity electric | « Upgrades to electric technology technology

or biogas heating

* Some hydrogen/
biogas for chemical
uses

or biogas heating
Some ongoing
industrial use of
natural gas where
displacement is
particularly difficult

Large-scale blue and
green hydrogen to
replace chemical
feedstock

Large-scale hydrogen
(gasification) to
replace chemical
feedstock




Scenario A. zero emissions B. net zero emissions C. zero emissions D. net zero emissions
electrification — no electrification hydrogen with biogas | hydrogen with biogas
natural gas supported by natural and electrification and electrification

gas

Transport * Strong uptake of EVs | ¢ Strong uptake of EVs | ¢ Strong uptake of » Strong uptake of EVs

for most transport for personal and hydrogen-fuelled for personal and
« Renewable fuels for public transport transport for personal, public transport
air transport * Small-scale uptake of | public, air and heavy | « Strong uptake of
hydrogen for heavy vehicles hydrogen-fuelled
and air transport transport for air and
heavy vehicles

Energy * Large-scale energy * Moderate-scale * Moderate energy * Small-scale energy

efficiency efficiency energy efficiency efficiency efficiency

improvements (public/ | improvements due to improvements improvements for
private investment) large public and residential and
private investments industrial use

Export * No energy exports * No energy exports * Export renewable and | ¢ Global hydrogen
» Export of expertise * International carbon hydrogen tech/ export leader

and technology emission certificate expertise
trade * Hydrogen export

Key assumptions underpinning the scenarios

Energy demand

Scenarios assume a baseline annual energy demand in Victoria of 1,298 PJ in 2018-19, with a forecast increase in
energy consumption of 15% per decade. Baseline annual energy demand data are sourced from Department of Industry,
Science, Energy and Resources’ Australian Energy Update 2020. Forecast energy demand is based on AEMO’s 2020
Integrated System Plan Inputs and Assumptions.

Population

Population growth forecasts are in line with the Department of Environment, Land, Water and Planning’s Victoria in

Future population projections. The change in Victoria’s population of Victoria is used as a proxy for the change in energy
demand in each of years 2030, 2040 and 2050. This comparison has been used to validate the assumption of 15%
growth in energy consumption.

Geographical boundaries

Victoria is assumed to be an island, with no access to external energy sources. A critical implication of this simplified
approach is to over-estimate the level of new energy infrastructure required to reach the net zero emissions target, in
part from being unable to access the transient excess energy from differentials in load and demand cycles that occur in a
diverse, complex, inter-connected system.

Renewable firming capacity such as batteries or pumped hydro are treated as stranded from inter-state grid connections.

All new renewable generation is assumed to be located in a Renewable Energy Zone. Renewable energy has also been
located in the Renewable Energy Zones best suited to weather conditions and geography.

Natural gas production capacity and infrastructure

AEMO’s Gas Statement of Opportunities, Gas Bulletin Board website and DORIS consultants’ knowledge has been used
to predict available gas production. Existing infrastructure capacity, length, age and layout was taken from the Gas
Statement of Opportunities, the Australian Pipelines and Gas Association’s website and the Australian Pipeline License
Database.

The Dandenong LNG Storage lona Gas Plant Storage facilities are assumed to be operational in 2030—2050. The lona
Gas Plant Storage facility will act purely as a storage facility and its capacity will be expanded. The phasing of existing
gas infrastructure decommissioning allows for the Viva LNG Import Terminal being operational by 2030, but the
production capacity is assumed to come from existing Victorian gas plants.

Electricity generation and storage

AEMO'’s website has been used to set a basis for the current capacity of installed electrical infrastructure in Victoria.
Historical data was reviewed and data for a high-demand day, where most electricity produced in Victoria was consumed
in-state, was selected as the basis to estimate the maximum capacity through the installed infrastructure.
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Estimation of new additional renewable electricity capacity does not consider decommissioning of the existing assets.

Given the magnitude of renewable electricity storage required and its criticality in firming a high proportion of variable
renewable power, two major types of storage were considered:

e battery storage, used to compensate 24 hours of solar power generation

e pumped hydro, used to compensate 168 hours of wind power generation.

Battery charging has been considered as part of the input to electrical generation capacity requirements.
Hydrogen production

Green hydrogen is delivered by standalone renewable electricity generators dedicated to specific green hydrogen
production plants.

Carbon capture and storage

Capture of point source CO2 emissions in the Latrobe Valley is assumed, with transport by pipeline to underground
storage sites in the offshore Gippsland Basin.

Emissions factors

Emissions factors are based on Scope 1 emissions as defined in the Department of Industry, Science, Energy and

Resources’ National Greenhouse Accounts Factors. Where this source does not provide an emission factor, alternatives

were sourced from the US Environmental Protection Agency, CSIRO, Parks Victoria and the United Nations Food and
Agriculture Organization.

Exclusions
The following items are excluded from the scenario analysis:

* emissions from agriculture
e infrastructure to support transport — i.e. road, rail, air transport
* infrastructure to support the export of hydrogen including ports and loadout.



8. Appendix B Scenario energy
consumption estimates

Table_A2: Energy consumption estimates — Scenario A

Energy consumed (PJ) ‘ 2030 ‘ 2040 ‘ 2050
Fossil fuels

coal 308 150 0
vehicle fuel 217 99 0
natural gas 233 70 0
Renewables

solar 312 588 850
wind 245 438 600
hydro 62 88 155
Combined heat and power

Waste-to-energy / biogas / biomass 3 14 18
Heat

geothermal 0 5 7
Gas

biogas / landfill gas 3 19 28
biomethane 2 11 14
Hydrogen

green hydrogen 23 28 42
blue hydrogen 0 0 0
brown hydrogen 0 0 0
Energy efficiency

improvements 8 23 32
Total energy consumption 1,416 1,531 1,747

Source: DORIS Engineering (2021); IV analysis
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Table_A3: Energy consumption estimates — Scenario B

Energy consumed (PJ)

Fossil fuels

coal 308 150 0
vehicle fuel 217 99 0
natural gas 233 100 20
Renewables

solar 361 594 787
wind 226 411 591
hydro 21 57 104
Combined heat and power

Waste-to-energy / biogas / biomass 1 5 9
Heat

geothermal 1 6 10
Gas

biogas / landfill gas 1 11 16
biomethane 1 11 16
Hydrogen

green hydrogen 22 34 48
blue hydrogen 3 25 43
brown hydrogen 0 0 0
Energy efficiency

improvements 1 7 14
Total energy consumption 1,395 1,509 1,656

Source: DORIS Engineering (2021); IV analysis




Table_A4: Energy consumption estimates — Scenario C

Energy consumed (PJ)

Fossil fuels

coal 300 150 0
vehicle fuel 163 69 0
natural gas 233 70 0
Renewables

solar 431 529 798
wind 268 322 476
hydro 55 72 124
Combined heat and power

Waste-to-energy / biogas / biomass 0 2 5
Heat

geothermal 0 2 5
Gas

biogas / landfill gas 36 43 95
biomethane 53 67 112
Hydrogen

green hydrogen 253 279 470
blue hydrogen 47 64 0
brown hydrogen 0 0 0
Energy efficiency

improvements 1 7 14
Total energy consumption 1,841 1,678 2,098

Source: DORIS Engineering (2021); IV analysis
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Table_A5: Energy consumption estimates — Scenario D

Energy consumed (PJ)

Fossil fuels

coal 300 150 0
vehicle fuel 163 69 0
natural gas 233 70 0
Renewables

solar 431 529 798
wind 268 322 476
hydro 55 72 124
Combined heat and power

Waste-to-energy / biogas / biomass 1 6 9
Heat

geothermal 1 5 3
Gas

biogas / landfill gas 11 31 54
biomethane 11 31 54
Hydrogen

green hydrogen 13 38 67
blue hydrogen 0 0 0
brown hydrogen 574 1,073 1,420
Energy efficiency

improvements 1 3 6
Total energy consumption 1,550 2,020 2,444

Source: DORIS Engineering (2021); IV analysis




9. Appendix C Key gas sector
regulatory bodies

Table_A6: Gas sector regulatory bodies, responsibilities and legislation

Role Key legislation

Exploration and production

National Offshore
Petroleum Titles
Administrator
(NOPTA)

(Commonwealth)

Joint authorities

Administers titles and applications for exploration and
production for offshore oil and gas operations and greenhouse
gas storage activities in Commonwealth waters (generally 3
nautical miles offshore — approximately 5.5km). NOPTA does
this through supporting the Joint Authorities’ decision-making
with information, assessment and analysis. It also grants short
term titles, manages data releases, maintains title registers and
ensures good petroleum resource management.

The decision-maker for releasing offshore petroleum
exploration areas, decisions relating to those areas,
grants/refusals of offshore petroleum titles, title conditions
including suspension, extension, surrender and cancellation of
titles. The Joint Authorities in Victoria are the Commonwealth
Minister for Resources, Water and Northern Australia and the
Victorian Minister for Resources.

Established under the Offshore
Petroleum and Greenhouse Gas
Storage Act 2006 (Cmwth)

National Offshore
Petroleum Safety
and Environmental
Management
Authority
(NOPSEMA)

(Commonwealth)

The independent regulator for offshore oil and gas operations
and greenhouse gas storage activities in Commonwealth
waters. It regulates for health and safety, well integrity and
environmental management.

NOPSEMA assesses risk management plans for offshore
petroleum activities, inspects to monitor compliance,
investigates breaches and non-compliance, takes enforcement
actions, and engages with industry.

Offshore Petroleum and
Greenhouse Gas Storage Act
2006 (Cmwth)

Environment Protection and
Biodiversity Conservation Act
1999 (Cmwth)

Offshore Petroleum and
Greenhouse Gas Storage
(Regulatory Levies) Act 2003
(Cmwth)

Earth Resources
Regulation

Victoria’s regulator of exploration, mining, quarrying, petroleum,
recreational prospecting and other earth resource activities, a
branch within the Victorian Department of Jobs, Precincts and
Regions.

Earth Resources Regulation licenses earth resources
exploration and production, assesses and approves
applications for operations or works, undertakes engagement,
education and enforcement activities.

Mineral Resources (Sustainable
Development) Act 1990 and
associated regulations

Petroleum Act 1998 and
Petroleum Regulations 2011

Greenhouse Gas Geological
Sequestration Act 2008 and
associated regulations

Offshore Petroleum and
Greenhouse Gas Storage Act
2010 and Offshore Petroleum
and Greenhouse Gas Storage
Regulations 2011
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Role Key legislation

Geothermal Energy Resource
Act 2005 and associated
regulations

Mine Land
Rehabilitation
Authority

An independent body established in June 2020 which oversees
the rehabilitation of declared mine land. It oversees
implementation of the Latrobe Valley Regional rehabilitation
Strategy by public sector bodies and mine licensees, including
registering, monitoring, and owning declared mine land post-
closure.

Mineral Resources (Sustainable
Development) Act 1990

Gas transmission and distribution infrastructure

Energy Minister

(Commonwealth)

Responsible for setting policy and agreeing changes to the
national laws and frameworks within which Australian energy
markets operate.

The National Gas Law provides a national framework for third-
party access to natural gas pipeline services.

Australian Energy
Market Commission

(AEMC)

(Commonwealth)

An independent statutory authority responsible for making and
amending the National Gas Rules. The AEMC can also
undertake reviews and provide advice to governments on
improvements to regulatory and energy market arrangements.

Australian Energy
Market Operator

(AMEO)

(Commonwealth)

Operates Victoria’s gas transmission system, including
substantial review and planning functions. AMEO also operates
the gas market, including facilitating the gas retail market.

The AEMO'’s ownership is shared between governments and
industry. It operates on a user-pays cost-recovery basis, and
recovers all operating costs through fees paid by industry
participants.

Australian Energy
Regulator

(AER)

(Commonwealth)

Regulates covered gas pipelines, setting the amount of
revenue that network businesses can recover from customers
for using these networks. The AER enforces laws for gas
markets in southern and eastern Australia, and monitors and
reports on market participant conduct and the effectiveness of
competition.

In Victoria, gas distributors and the Victorian Transmission
System are covered pipelines.

The National Gas Law is a
schedule to the National Gas
(South Australia) Act 2008. It is
supported by further regulations
and the National Gas Rules.

The National Energy Retail Law
is a schedule to the National
Energy Retail Law (South
Australia) Act 2011, further
supported by regulations and the
National Energy Retail Rules.

Minister for Energy,
Environment and
Climate Change

Responsible for energy and climate policy in Victoria, and key
legislation including the National Gas (Victoria) Act 2008 that
applies the National Gas Law and National Gas Rules as laws
of Victoria.

The National Energy Retail Laws apply in a limited manner in
Victoria, but similar provisions exist in the Gas Industry Act
2001.

The Minister also licenses pipelines, along with Energy Safe
Victoria.

National Gas (Victoria) Act 2008
Gas Industry Act 2001
Pipelines Act 2005

Fuel Emergency Act 1977

Essential Services
Commission (ESC)

Licenses businesses involved in supplying gas, establishes and
maintains codes and guidelines for gas distribution and for
retail energy sale, and reports on energy businesses
performance as well as energy prices.

The ESC also administers the Victorian Energy Upgrades
program.

Essential Services Commission
Act 2001

Gas Industry Act 2001

Responsible for the Gas
Distribution System Code and
the Energy Retail Code.
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Role Key legislation

Energy Safe Victoria
(ESV)

An independent government agency responsible for the safe
generation, supply and use of gas, electricity and pipelines.
ESV ensures gas and electrical appliances are approved and
safe for use, investigates gas and electrical incidents and
undertakes safety awareness campaigns (for example, Be
Sure, on gas safety in the home, and Know the drill before you
grill, on gas BBQ safety). It oversees major industry safety
cases and safety management schemes for the design,
construction and maintenance of gas, electricity and pipeline
networks across Victoria. ESV is responsible for the safety and
technical regulation of gas and pipelines in Victoria. The
Minister also licenses pipelines, along with ESV.

Energy Safe Victoria Act 2005

Gas Safety Act 1997 including
the Gas Safety (Gas Installation)
Regulations 2018 and Gas
Safety (Safety Case) Regulations
2018

Pipelines Act 2005, including
Pipelines Regulations 2017

Department of
Environment, Land,
Water and Planning

Issues pipeline licences and co-regulates licensees with Energy
Safe Victoria.

Pipelines Act 2005, including
Pipelines Regulations 2017

Clean Energy
Regulator

(Commonwealth)

An independent statutory authority that administers schemes
legislated by the Australian Government for measuring,
managing, reducing or offsetting Australia’s carbon emissions.

National Greenhouse and
Energy Reporting Act 2007
(Cmwth)

Carbon Credits (Carbon Farming
Initiative) Act 2011 (Cmwth)
which establishes the Emissions
Reduction Fund

Australian National Registry of
Emissions Units Act 2011
(Cmwth)

Land use planning, environment, building and development

Minister for Planning

Responsible for the Victorian Planning System, including
planning policy, provisions and approves planning scheme
changes.

The Minister for Planning can require proposals for projects
which could have a significant effect on the environment to
undergo an Environmental Effects Statement.

Planning and Environment Act
1987

Environmental Effects Act 1978

Local councils

Responsible for local planning schemes and assessing
planning permit applications.

Most councils have municipal building surveyors on staff, who
are responsible for the building control functions of council. This
includes issuing building permits. Councils are responsible for
the administration and enforcement of certain parts of the
Building Act and regulations in their local government area.

Planning and Environment Act
1987

Building Act 1993

Environment
Protection Authority
Victoria (EPA)

Victoria’s independent environmental regulator. The EPA works
with community and industry to prevent and reduce
environmental and health impacts from pollution and waste.

The EPA assesses works approval applications for certain gas
projects. For example, the EPA has a regulatory role in part of
the Golden Beach gas project as the proposed gas compressor
is scheduled under its regulations. This means the project
needs a works approval to install the equipment and an EPA
licence to operate it.

The EPA is currently undergoing significant reform with new
laws coming into effect from 1 July 2021. It will issue licences,
permits and registrations depending on the activity being
conducted and the level of control that will be needed.

Environment Protection Act 1970

Environment Protection Act 2017
(to come into effect on 1 July
2021)
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Role Key legislation

Victorian Building

Regulates Victoria’s building and plumbing industries. This

Building Act 1993 and the

Authority (VBA) includes registering, licensing and disciplining plumbers in Building Regulations 2018 and
Victoria, registering and disciplining building practitioners, Plumbing Regulations 2018,
undertaking inspections, investigations and audits to enforce which adopt the Building Code of
compliance, and works with other regulators and agencies to Augtralla, which is part of the

. . . . National Construction Code
ensure compliance. The VBA also monitors building permit
levies and oversees the work of building surveyors (both Building and Construction
council and private) and Victoria’s building permit system. ?&U;W Security of Payment Act
The VBA is represented on the Australian Building Codes
Board which is responsible for the National Construction Code.
Other

Greenhouse and
Energy Minimum
Standards Regulator

(Commonwealth)

Administers the national framework for product energy
efficiency across Australia, based in the Australian Government
Department of Industry, Science, Energy and Resources. The
Energy Rating Label is the visible face of this work, but it also
specifies the minimum energy performance of appliances
before they can be sold in Australia or New Zealand.

Greenhouse and Energy
Efficiency Minimum Standards
(GEMS) Act 2012 (Cmwth)

Standards Australia

An independent, non-government, not-for-profit standards
organisation. Standards Australia brings together specialists to
develop and assist adoption of internationally-aligned standards
in Australia. Standards are voluntary. However, governments
often refer to Australian Standards or joint Australian / New
Zealand Standards in legislation, which can then make them
mandatory.

As an example, Victoria’s
Pipelines Act 2005 requires
licensed pipelines constructed
and operated in accordance with
Australian Standard 2885:
Pipelines — Gas and liquid
petroleum.

and manages Victoria’s workers compensation scheme.
WorkSafe Victoria aims to keep all workplaces healthy and
safe, and to deliver high quality care and treatment when
workers are injured. It administers a number of Acts and
regulations.

Australian An independent Australian statutory authority that enforces the | Competition and Consumer Act
Competition and Competition and Consumer Act 2010. Broadly, the ACCC 2010
Consumer covers product safety and labelling, unfair market practices,
Commission price monitoring, industry codes, industry regulation including
(ACCC) gas, and mergers and acquisitions.
Common ith The ACCC can also be directed by the Australian Government
(Commonwealth) to undertake inquiries, such as the current inquiry into the
supply of and demand for natural gas in Australia.
WorkSafe Victoria The health and safety regulator for all Victorian workplaces, Occupational Health and Safety

Act 2004
Workers Compensation Act 1958

Equipment (Public Safety) Act
1994

Dangerous Goods Act 1985 and
Dangerous Goods (Transport by
Road or Rail) Regulations 2018
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About us

Infrastructure Victoria is an independent advisory body, which
began operating on 1 October 2015 under the Infrastructure
Victoria Act 2015.

Infrastructure Victoria has three main functions:

» preparing a 30-year infrastructure strategy for Victoria, which is
refreshed every three to five years

»  providing written advice
to government on specific infrastructure matters

* publishing original research on infrastructure-related issues

Infrastructure Victoria also supports the development of sectoral
infrastructure plans by government departments and agencies.

The aim of Infrastructure Victoria is to take a long-term, evidence-
based view of infrastructure planning and raise the level of
community debate about infrastructure provision.

Infrastructure Victoria does not directly oversee or fund
infrastructure projects.
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