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Key Definitions

Key definitions
A summary of the key terms utilised throughout this report has been listed below.
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Term Definition

Ancillary Services ‘Ancillary Services’ are electricity market services that are essential to the
management of power system security to ensure that electricity supplies are of an
acceptable quality, such as frequency and voltage control services.

BTM ‘Behind the meter’ refers to anything that happens onsite, on an energy user's side of
the electricity meter.

BESS ‘Battery Energy Storage System’ is a generator that uses a battery to store and
release energy.

Capacity ‘Capacity’ for the purposes of this report refers to generator output, or the size of a
generating project - its maximum power output.

Consumption ‘Consumption’ refers to the total electrical power used by residential, commercial and
large industrial customers.

C&I Commercial and Industrial businesses energy customers.

DER ‘Distributed Energy Resources’ refer to small-scale energy resources that are
connected to the distribution network that can produce electricity or actively manage
demand. Examples of DER include rooftop solar PV, batteries, electric vehicles,
demand response enabled appliances, etc.

Embedded network Embedded networks are private electricity networks – that is, they are owned and
operated by parties that have been exempted from the requirement to register with
AEMO – which serve multiple customers and are connected to another distribution or
transmission system through a parent connection point.

EV An ‘Electric Vehicle’ is a type of vehicle that has an electric motor and batteries,
instead of an internal combustion engine that relies on gas or liquid fuels.

LGA ‘Local Government Area’ refers to an individual council area. The Central NSW Joint
Organisation covers 11 LGAs and a county council.

Microgrid ‘Microgrid’ is a term used to refer a range of systems, including pure standalone
systems or microgrids that operate independently from the interconnected electricity
system, or the National Electricity Market (NEM), and embedded microgrids which
have a single point of connection with the grid but can be isolated to operate
independently as required.

Peak Demand ‘Peak Demand’ is the maximum electricity demand used by customers during any
given day.

Prosumer A ‘Prosumer’ is an individual who both consumes and produces electricity.

PHES ‘Pumped Hydro Energy Storage’ is a technology that stores and releases energy by
controlling water between two reservoirs. When pumping it moves water from a lower
reservoir to an upper reservoir, and when generating it releases the water from upper
to lower through turbines that harness the gravitational energy.

SAPS A ‘StandAlone Power System’ is a system that generates and distributes electricity
but is not physically connected to the main electricity grid.

VPP A ‘Virtual Power Plant’ is a decentralised collection of power-generating and /or
storage units connected and controlled by a central software platform that
collectively behave like a single, large power plant.
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There are three key levers available to the CNSWJO to achieve its goals of improving energy security and reducing
emissions in the region. They are:
• Increasing energy supply with renewable energy resources. Solar and wind resource potential is strong across the

region, whereas other renewable resources such as pumped hydro and waste-to-energy resource potential are
more geographically constrained.

• Improving energy network infrastructure. Energy network infrastructure in the region is well utilised and in some
locations, reaching its limits, particularly in the western Local Government Areas (LGAs).

• Reducing energy demand through energy performance initiatives. While energy performance solutions hold
significant potential to address energy security and emissions issues, they require customer action to be effective.
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There are multiple opportunities available to improve energy security in the Central NSW region and
simultaneously reduce emissions

Analysis completed for this report indicates that Central New South Wales (NSW) has significant renewable energy
resources which must be harnessed effectively to achieve the Central NSW Joint Organisation’s (CNSWJO) goals of
increasing energy security and reducing emissions in the region. This report provides context for the potential
deployment of renewable energy solutions (including distributed energy resources, or ‘DER’) within Central NSW by
reviewing the characteristics of renewable energy technologies and policy and regulatory considerations. The report
then details the long list of technology solutions that could potentially assist in achieving the objective of energy
security and emissions reduction, before describing the multi-criteria assessment (MCA) approach, developed by EY
with the CNSWJO, used to select a short-list of three options for consideration in the Business Case. The report also
discusses the key influential stakeholders and their timelines and approvals processes (including local councils’
planning provisions) which could impact the deployment of renewable energy solutions in the region.

Given the resource and network infrastructure constraints in Central NSW, DER have significant potential to
address energy security and emissions reductions goals

While large-scale renewable energy technologies can be cost effective given their scale, they are complex, slow to
build and face a number of technical, regulatory and community risks that can hinder successful development of
projects. Small-scale DER technologies are less dependent on supporting infrastructure and have the potential to
defer other large-scale infrastructure investments, improve energy reliability, affordability and reduce emissions.
There are a wide range of DER technologies available – we identified six with the greatest potential in Central NSW,
those being:
1. Increased rooftop solar PV in eastern LGAs and Forbes.

2. Increased behind-the-meter (BTM) storage at homes and businesses, using battery energy storage systems
(BESS).

3. Community batteries for new and existing residential precincts.

4. Stand-alone power systems (SAPS) or microgrids for new industrial precincts, certain residential developments
and remote communities.

5. Virtual power plants (VPPs) in areas with a variety of demand profiles and DER generation and storage
technologies.

6. Installation of EV charging infrastructure at key transport corridors (e.g. Lithgow and Cowra).

Four problems were identified during the investment logic mapping activity as the focus of the business case and the
problems to be addressed. Utilising information gathered from the capacity, demand and gas transition analysis,
three options were characterised to address the problems. Concurrently, 97 potential technology solutions were
identified in total as solutions raised by Councils for consideration. These solutions were then assessed using our MCA
approach and its ten criteria to determine which solution would optimally meet each option. On the next page, the
three options to be considered in the Business Case are summarised. Options are based on a building block approach,
such that Option 2 includes Option 1, and Option 3 includes all other options.

Through a MCA approach we have defined three options to progress through to the cost benefit analysis (CBA)
in the Business Case
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Address immediate energy reliability and security issues*

Address the areas currently experiencing the worst reliability and energy security issues through examining current
limitations of Central NSW’s substations.

Locations Technology solution identified

Areas with reliability issues:

• Lake Cargelligo, Lachlan
• Condoblin, Lachlan
• Grenfell, Weddin

• Appropriately sized battery storage
solution located at the zone substation
with a co-located small-scale (<5MW)
solar farm.

Areas with energy security issues:
• Increased uptake of BTM DER generation

(rooftop solar PV) and storage
(batteries) solutions.

• Mandurama, Blayney
• Canowindra, Cabonne
• Cumnock, Cabonne
• Molong, Cabonne

• Paytens Bridge, Forbes
• Orange Industrial, Orange
• Trundle, Parkes

Address future energy reliability and security issues (inclusive of option 1)

In addition to addressing current security and reliability issues, address reliability and energy security issues where
demand growth is expected in the medium term, to future-proof the region and support regional population and
industry growth.

Locations Technology solution identified

Bathurst – Laffing Waters
residential precinct**

• Microgrid with onsite small-scale solar farm and an appropriately sized battery located
within the residential precinct embedded network.

• A VPP to enable effective utilisation of BTM DER assets within the precinct.
• Increased uptake of rooftop solar PV, home batteries and EVs.

Orange Airport
• Microgrid.
• Onsite DER generation and storage solutions (small-scale solar farm, rooftop solar PV and

battery solutions).

Option 1 Locations
• Option 1 technology solutions with a VPP across those locations to reduce the risk of

future energy security issues in those areas and ensure continued reliability / security of
option 1 infrastructure for the long term.

Target high emissions areas (inclusive of options 1 and 2).

In addition to addressing energy security and reliability issues, identify technology solutions or enabling mechanisms
to support emission reduction in Central NSW through a focus on high emission areas / sectors and identifying
solutions to enable and support private investment that contributes towards the region transitioning from natural
gas.

Locations Technology Solution Identified

• Cowra  - EV transport hub
• Ultra-fast EV charger.
• Co-located small-scale solar farm and battery solution to supplement grid-

power to the EV charger.
• Lithgow – EV transport hub

• Parkes – EV transport hub

• Oberon – enabling environment for
gas-to-renewables transition***

• Advocacy and stakeholder engagement by CNSWJO to create a supportive
and enabling environment for local commercial and industrial businesses to
transition from gas-to-renewables, such as by deploying and installing waste-
to-energy technologies in the region (e.g. Borg in Oberon).

• Option 1 Locations
• Option 1 technology solutions with a VPP across those locations to reduce the

risk of future energy security issues in those areas and ensure continued
reliability / security of option 1 infrastructure for the long term.

• Option 2 Locations • Option 2 technology solutions.

Option

1

Option

2

Option

3

* Areas experience energy security issues are those areas with low or negative capacity under peak conditions. Areas experience reliability issues exhibit materially higher total customer minutes lost
compared to the rest of the region. **There are other residential precincts planned, Bathurst will act as a pilot. If another precinct is developed first, it could replace Laffing Waters as the pilot. ***The
Gas-to-Renewables Transition Assessment identified a range of opportunities for residential and C&I customer to transition away from gas. Oberon will act as a pilot for creating a supportive and enabling
environment for other regions.
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Background
Both the Commonwealth and NSW governments have committed to decarbonisation through legislated policy,
targeting net-zero emissions by 2050. Central NSW aims to support the broader government agendas by achieving a
50% reduction in emissions by 2030 and net-zero by 2050.

Decarbonising the energy system is a core part of meeting net-zero goals. The Central NSW Joint Organisation
(CNSWJO) recognises that an orderly transition to a renewable energy future will require investment in infrastructure
in the region. Therefore, CNSWJO is seeking to build the case for a targeted approach to energy infrastructure
investment in the region to:

1. Increase energy security for the region; and

2. Reduce emissions, consistent with NSW Government net-zero goals.

To date, the energy transition has been led by the uptake of solar power, in which Australia is a global leader.
Australia has the seventh largest installed capacity of solar photovoltaics (PV) and the highest capacity per capita.1 In
large part this is supported by the advanced uptake of rooftop PV on homes, with approximately 1 in 3 homes having
installed rooftop solar.2 However, the transition to renewable energy also requires investment in other variable
renewable generation (such as wind) and firming technologies (flexible generation to ensure consistent energy
supply, such as batteries) that can adequately substitute the role that coal-fired power generation currently plays
(currently around two-thirds of NSW generation) while maintaining a secure and reliable electricity system. The
current transmission and distribution networks were also not designed to accommodate the transition, and will need
investment.

This report supports the Business Case that identifies the required investment to address the nexus between
emissions reduction and energy security in Central NSW. Specifically, this report sets the scene for the widescale
deployment of renewable energy technologies in the Central NSW region.

Scope
The scope of this report addresses items 5, 6, 8, 10-12 of the overall scope. It includes establishing the context for
the widescale deployment of renewable energy solutions (including DER) within the Central NSW region. This report
identifies and prioritises different types of renewable energy technologies and their respective advantages and
disadvantages. It also discusses policy and regulatory considerations as well as the key barriers, challenges and risks
to widescale deployment of renewable energy solutions in the region.

The report also discusses the key influential stakeholders and their timelines and approvals processes (including local
council’s planning provisions) which could impact the deployment of renewable energy solutions in the region.

Finally, this report details the long list of renewable energy technology solutions considered and describe the MCA
approach to select a short-list of three options for consideration in the Business Case.

An assessment of existing and proposed large-scale generation capacity and transmission network infrastructure
within the region is included in a separate report; the Capacity Assessment (another appendix to the Business Case).
Current and future demand and network constraints on the distribution network are discussed separately, in the
Demand Report (another appendix to the Business Case).

Objectives
The objectives for this report are to:
• Provide context and summarise the opportunities for widescale deployment of renewable energy solutions

(including DER) in the region.
• Summarise the challenges and risks for the deployment of renewable energy technologies in the region.
• Provide an overview of the key influential stakeholders and their respective timelines and approvals processes

which could impact the deployment of renewable energy solutions in the region.
• Provide a detailed review of the options for consideration in the Business Case.
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1. BP, Statistical Review of World Energy 2022 (2022), bp.com, accessed 25 August 2023.

2. Australian Trade and Investment Commission, Solar Energy (nd), globalaustralia.gov.au, accessed 25 August 2023.
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The Central NSW Joint Organisation is
seeking to appropriately invest to address the
nexus between energy security and emissions

reduction in the region



Gas-to-Renewables
Transition Assessment

This appendix categorises
gas usage in the region,

identifies appropriate
transition technologies,
and prioritises the most
impactful opportunities.

Opportunities Context Report
(this report)

This report summarises the
potential opportunities to deploy
renewable energy solutions in the
Central NSW region that will meet

the objectives of the Business
Case.

10

2 Introduction

Alignment to other documents
This Opportunities Context Report (this report), has been developed in conjunction with three other reports, which
cumulatively form the appendices documenting the analysis that supports the Business Case. Figure 2 illustrates the
appendix reports produced for the Business Case and an overview of their content. This report should be read in
conjunction with the Business Case and its appendices.

Central NSW Region
The Central NSW area spans 11
regional councils in regional NSW, to
the west of Greater Sydney. A map of
the councils comprising the CNSWJO is
shown in Figure 1.

Lachlan Parkes

Forbes

Weddin

Cabonne

Cowra
Oberon

Lithgow
Bathurst

Blayney

Orange

Figure 1: Map of the local government areas
comprising the CNSWJO

Demand Report

This appendix uses data gathered
from publicly available sources and

Distribution Network Service
Providers (DNSPs) to develop a

view of current and forecast
electricity demand and on

constraints in the distribution
network.

Capacity Assessment

This appendix summarises
an assessment of the

region’s renewable energy
capacity and identifies key
limits on the transmission
system that could impede

the transition.

Business Case

The Business Case contains the
overarching narrative and assessment
of the options for energy security and

emissions reduction to identify a
preferred option for investment,
utilising the analysis in the below

appendix reports.

Figure 2: Overview of the appendix reports that support the Business Case

Purpose of this report
The purpose of this report is to set the scene for the widescale deployment of renewable energy solutions across the
Central NSW region. The report discusses technologies, regulatory and policy context, key risks, barriers and
challenges and describe influential stakeholders’ roles. Finally the report will discuss the options for consideration in
the Business Case.

Opportunities Context Report – Appendix to Nexus between energy security and emissions reduction Business Case
A member firm of Ernst & Young Global Limited. Liability limited by a scheme approved under Professional Standards Legislation.

This report is one of many supporting the
Business Case
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Chapter overview
This chapter outlines the full breadth of opportunities to consider to achieve the CNSWJO’s goals of increasing
energy security and reducing emissions, consistent with NSW Government net-zero goals.

This chapter touches on some opportunities which are out of scope for further discussion in this report (see Table 1
below), but should be considered as viable levers to achieve the stated goals. This chapter will also briefly discuss key
constraining factors in the region which may make specific opportunities unfeasible, as well as reflect on some of the
key analysis from the Capacity Assessment, Demand Report and the Gas-to-Renewables Transition Assessment.

There are a wide range of opportunities
available to the CNSWJO to achieve their

energy security and emissions goals

Energy and emissions levers
There are three key levers to achieve the goal of improving energy security and reducing emissions in line with NSW
Government net-zero goals, as shown below in Table 1 below.

Table 1: High-level levers to improve energy security and reduce emissions

Levers Examples In scope for this report?

Increase energy supply
with renewable energy
resources

• Solar resources
• Wind resources
• Water resources
• Geothermal resources
• Bio-energy resources
• Green Hydrogen
• Nuclear technology

Yes

Improve energy
network infrastructure

• Transmission infrastructure augmentation and
upgrades

No – discussed in the
Capacity Assessment

• Distribution infrastructure augmentation and
upgrades

No – discussed in the
Demand Report

• Standalone power systems or microgrid
opportunities Yes

• Gas pipeline infrastructure augmentation and
upgrades

No – discussed in the Gas-
to-Renewables Transition
Assessment

Reduce energy demand
through energy
performance initiatives

• Energy efficiency initiatives (building and appliance
standards) No

• Demand response and load shifting Yes

• Prioritising growth in certain developments /
customers No

• Fuel switching: Gas-to-renewables
• Electrification for most customers
• Biomass / biogas / bio LPG for customers with

high-process heat requirements or gas-
feedstock requirements

• Hydrogen as a longer-term, niche solution

No – discussed in the Gas-
to-Renewables Transition
Assessment and Demand
Report
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Solar and wind resource potential is strong
across the region; pumped hydro and

waste-to-energy resource potential is more
geographically constrained

Opportunities Context Report – Appendix to Nexus between energy security and emissions reduction Business Case
A member firm of Ernst & Young Global Limited. Liability limited by a scheme approved under Professional Standards Legislation.

Availability of renewable energy resources
The Central NSW region has significant renewable energy resources which could be effectively harnessed to improve
energy security and reduce emissions in the region. To date, solar and wind projects are the most widespread in the
region – current and proposed future large-scale renewable generation projects that harness these resources are
discussed in more detail in the Capacity Assessment.

Below in Figure 3, we show four maps that illustrate the solar, wind, water and geothermal resource potential in the
region. These maps illustrate that:

• Solar resource potential is strong across the region, with higher solar irradiance in the western LGAs in the region.

• Wind resource potential is more complicated across the region, with generally higher wind resources in parts of
Blayney, Orange, Bathurst, Lithgow and Oberon.

• The areas with the best pumped hydro resource potential are constrained to parts of Cowra, Blayney, Oberon,
Bathurst and Lithgow.

• Geothermal potential in the region is minimal.

For a more detailed discussion of these maps, please refer to Appendix 1.

Figure 3: Renewable energy resource potential in CNSWJO region

Lithgow

Oberon

Cabonne

CowraWeddin

Forbes

Parkes Orange

Lachlan

Bathurst
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1500
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Legend (kWh/kWp)

CNSWJO solar resource potential CNSWJO wind resource potential

CNSWJO pumped hydro resource potential
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Legend (Pumped hydro
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Strong

CNSWJO geothermal resource potential
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Source: Global Solar Atlas Source: NSW Resources Regulator and Transgrid TAPR 2023

Source: NSW Resources Regulator Poster 2019 Source: NSW Resources Regulator Poster 2019



14

3 Scope of Opportunities

Solar and wind resource potential is strong
across the CNWJO region; pumped hydro
and waste-to-energy resource potential is

more geographically constrained
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The Central NSW region is also a significant agricultural region with large population centres in Bathurst, Orange and
Lithgow. There are opportunities to utilise municipal and agricultural waste for energy production locally but waste-
to-energy technologies require steady feedstock, and opportunities are constrained to locations with adequate access
to feedstock. We discuss the different types of waste-to-energy technologies in more detail in Appendix 2.

Electrolysis is the most developed technology to produce green hydrogen today. This technology requires significant
renewable electricity, often sourced from solar PV assets, and about 9-11 tonnes of water per tonne of hydrogen
produced3. Given the stronger water resource potential in the eastern parts of Central NSW, these areas likely
represent the best areas for green hydrogen production from a resource availability perspective.

Although Australia holds over 30% of the worlds uranium deposits, nuclear power was prohibited nationally in
Australia in 1998 4. Given the federal regulatory barriers to nuclear production in Australia, we consider that nuclear
technologies are not feasible within the time horizons in scope for this report, and as such are not considered in this
report.

3. Centre for Regional and Rural Futures, Water requirements for use in hydrogen production in Australia (2022), deakin.edu.au, accessed 25
August 2023.

4. World Nuclear Association, Australia’s Uranium (2023),  world-nuclear.org, accessed 25 August 2023.
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Energy network infrastructure in the
region is well utilised and in some

locations, reaching its limits, particularly
in the western LGAs
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Network infrastructure limitations overview
While the region is serviced by significant electricity and gas network infrastructure, the networks are well utilised
and in some locations, the infrastructure is meeting or exceeding its limitations, particularly in the western LGAs.
Assessing solutions to improve energy network infrastructure that is owned and operated by network businesses is
out of scope for this report (except for microgrids and standalone power systems), but discussed to some degree in
the Capacity Assessment, Demand Report and the Gas-to-Renewables Transition Assessment. Below we provide a
high-level summary of the findings from these reports.

The Capacity Assessment identified that the eastern LGAs of Bathurst, Lithgow and Oberon are better serviced by
higher voltage electricity transmission network infrastructure than other LGAs, particularly in the west of the region.
The Molong to Orange transmission line is a current network limitation and a major bottleneck in the Central NSW
region due to power flows from solar farms in the region and from the north (Central-West Orana Renewable Energy
Zone or ‘CWO REZ’), as well as consumption from the Cadia Mine and Orange residents and businesses. The Capacity
Assessment also identified potential future network limitations, such as:

• Assuming the Molong to Orange transmission line constraint is alleviated, there is potential for future transmission
constraints to occur on the Wellington to Molong and Wellington to Orange lines. These constraints are expected
to be driven by large renewable energy projects developed in the CWO REZ.

• Increased consumption in the Parkes region, driven in part by the development of the Parkes Special Activation
Precinct (SAP) could lead to future energy security issues in the region if not adequately addressed.

• Increased consumption from the McPhillamy’s Gold Mine could lead to network constraints as network
infrastructure limits are reached in the Panorama Zone Substation area.

Please refer to the Capacity Assessment Report for more detailed analysis and discussion.

The Demand Report reviewed the electricity distribution network in the Central NSW region and identified 10 areas
currently facing electricity constraints or reliability and supply issues. The analysis drew on data provided by the
DNSPs in the region, Essential Energy and Endeavour Energy, which highlighted that western LGAs within the region
appear to be more affected by network constraints than those in the east. Please refer to the Demand Report for
more detailed analysis and information.

There are no significant standalone power systems or microgrids located in the region currently, but given the
isolated nature and lack of energy network infrastructure in parts of the region, these types of infrastructure
solutions hold great potential to improve energy security and reduce emissions. We discuss standalone power
systems and microgrids in more detail in Chapter 4 and Appendix 2.

The location of gas transmission and distribution lines in Central NSW limits gas transition options and future large-
scale renewables projects which may require use of such infrastructure, such as hydrogen projects. There is an APA
Group transmission pipeline that connects to the Jemena distribution network in Cowra, Orange, Blayney, Bathurst,
Lithgow, and Oberon. Forbes and Parkes are also connected but on a different spur. Major industrial gas customers
are limited to these areas with Borg in Oberon identified as the largest gas customer in the CNSWJO region. Western
LGAs, including Lachlan, Cabonne and Weddin are not connected to any natural gas distribution networks and are
reliant on bottled LPG. Please refer to the Gas-to-Renewables Transitions Assessment for more detailed analysis and
information.
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Energy performance solutions hold significant
potential to address energy security and

emissions issues but require customer action to
be effective
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Reducing energy demand through energy performance initiatives
Energy performance is a term used across multiple Australian jurisdictions to describe actions that reduce or
optimise energy use. These range from actions that improve energy efficiency in buildings and homes, to enabling
gas-to-renewable fuel switching for gas customers, as discussed in more detail in the Gas-to-Renewables Transition
Assessment.

While the other two levers available to the CNSWJO’s to achieve its objectives, as outlined on the previous pages (i.e.
increasing renewable energy assets and improving network infrastructure), relate to tangible asset or infrastructure
solutions to achieve the overall goal of improving energy security and reducing emissions, energy performance
initiatives are demand-side driven and require customer action to be effective, usually driven by economic incentives
or changes to regulations and laws. Energy performance solutions to drive reductions in energy consumption or
demand are largely out of scope for this report, given that they do not lend themselves to an investment option for
consideration in the Business Case, but are worth careful consideration due to the widescale impact potential they
hold, as outlined below.

Globally, electricity consumption is forecast to approach 43,600 TWh/yr by 2050. Without energy performance and
efficiency measures, it is estimated that consumption would exceed 50,000 TWh/yr by 2050 (see Figure 4).5 It is
clear that as electricity consumption grows, so too does the importance of energy performance (and energy
efficiency in particular) as a means to reduce carbon emissions and avoid or defer new electricity infrastructure
development that would otherwise be needed.

The energy performance initiative opportunities in scope for this report are:

• Demand response and load shifting technologies that form part of broader renewable energy investment strategy
and can enable customers to adjust or reduce their energy consumption as driven by economic incentives or
signals from the energy market or their energy provider.

These technologies are discussed in more detail in Chapter 4.
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Figure 4: Global electricity consumption forecast with and without energy performance and efficiency measures

5. Based on the International Energy Agency’s Stated Policy Scenario (STEPS), which forecasts how the energy system evolves if current
policy settings are retained.

Source: International Energy Agency, World Energy Outlook 2022 (2022), iea.org
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Chapter overview
This chapter reviews different types of renewable energy technologies and their respective advantages and
disadvantages. The chapter then discusses each technology’s applicability to the Central NSW region. The technology
groupings discussed are:

• Large-scale renewable energy technologies.

• Small-scale DER technologies.

Given the focus of the Capacity Assessment on large-scale renewable energy technologies, this chapter focusses
more on small-scale DER technologies, but a high-level overview of large-scale renewable energy technologies is
provided below for context.

Please refer to Appendix 2 for a more detailed analysis of these technologies.

Large-scale renewable energy technologies
In this report, we define large-scale renewable energy technologies as those with a nameplate rating of more than
5MW. Under the National Electricity Rules (NER), all generators with a nameplate rating of more than 30MW must
register with the Australian Energy Market Operator (AEMO) and comply with a range of regulatory rules and
obligations. These assets supply electricity into the National Electricity Market (NEM) and are coordinated by AEMO
and exposed to wholesale market spot prices. Generators with a nameplate capacity between 5 and 30MW are
classified as small non-scheduled generators. While these generators need to register with AEMO, the obligations and
rules for these generators is much less than those over 30MW. Some examples of large-scale renewable energy
technologies include:

• Utility-scale solar farms.

• Utility-scale wind farms.

• Hydroelectric generators.

• Pumped hydro energy storage projects, or PHES.

• Large-scale waste-to-energy plants.

• Utility-scale battery energy storage projects.

Advantages and disadvantages of large-scale renewable energy technologies
Large-scale renewable energy technologies benefit from economies of scale and often represent the most cost
effective solutions, when considered in isolation from technical, regulatory and community risks that could hinder
successful development of large-scale projects. Large-scale assets are generally built to meet future demand growth
and can represent key enablers and accelerators for economic growth within a region. Larger assets, driven by their
size, also inherently create significant job opportunities for local communities during the construction and operations
phases.

However, large-scale renewable energy technologies also suffer from a number of disadvantages. Firstly, given their
size, large infrastructure assets are complex and require lengthy build times and complicated technical procedures.
Electricity network connection processes are also complex from a technical and regulatory perspective. Large
projects also face a number of challenges in terms of land-use, linked to their size. They face potential for community
opposition and restrictions in terms of land acquisition and visual amenity.

Large-scale infrastructure assets also face significant supporting infrastructure costs. Large-scale renewable energy
technologies are generally connected to high-voltage transmission network infrastructure which require expensive
infrastructure augmentations and upgrades for new connections.

Large-scale assets are also subject to market risk, where there are a number of generators located in one region, all
utilising the same network, creating a risk of curtailments (where the generator cannot export electricity), and the
resulting financial impacts. Finally, while large-scale renewable energy assets help the NEM to decarbonise, emissions
reductions cannot be wholly attributed to the asset location because of the interconnected nature of the NEM.

Large-scale renewable energy
technologies can be cost effective but are
complex, slow to build and face a number

significant risk factors
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Opportunities for large-scale renewable assets in Central NSW
As discussed in more detail in the Capacity Assessment Report, the opportunities for large-scale renewable energy
projects are best suited to the east of the Central NSW region, near the higher voltage 330 kV and 500 kV
transmission lines, such as the proposed Paling Yards Wind Farm in Oberon. Connection locations near retired coal
stations (such as Wallerawang near Lithgow) are favourable to large storage projects due to the existing substation
infrastructure and the strong 330 kV and 500 kV network connections – there are currently several proposed storage
projects (battery and PHES) located near Lithgow.

Small-scale DER technologies
In this report, we define small-scale DER technologies as those with a nameplate rating of less than 5MW. Under the
NER, generators with a nameplate rating <5MW are classified as exempt small-scale generators and do not need to
register as generators in the energy market.

DER are distribution-system connected or stand-alone assets located close to customers that can produce or store
energy or actively manage demand. DER assets provide all or some of a customers’ immediate electrical and power
needs and can also be used by the electricity system to either reduce demand or provide supply to satisfy the energy,
capacity, or ancillary service (see Key Definitions) needs of the distribution grid. DER assets are small in scale and can
be customer-owned (sometimes termed Consumer Energy Resources, or CER), or non-customer owned.

We group DER technologies into four technology categories, as outlined below in Table 2.

There are four main categories of DER
technologies

4 Renewable Energy Technologies
and their Potential in Central NSW

Table 2: Small-scale DER technology categories

Technology
category Descriptions Examples

DER generation
technologies

A type of DER that can generate electricity
(or other forms of energy) to satisfy some
or all of a customer’s electricity demand.
Excess generation may be stored in
distributed storage, or subject to market
and technical rules, exported to the grid.

• Solar PV technologies (including rooftop
PV and small-scale solar farms).

• Wind technologies.
• Waste-to-energy technologies.
• Thermal generation technologies.
• Other generation technologies.

DER storage
technologies

A type of DER that can store electricity
(from either distributed generation or the
electricity grid), and possibly also export
stored electricity back into the grid (hence
can act as both a supply and demand side
resource).

• Battery technologies (inc. EVs).
• Gravitational storage technologies (e.g.

lifted weight gravity storage).
• Compressed air storage technologies

(e.g. where energy is stored in
compressed air).

• Thermal energy storage.
• Other storage technologies.

Demand response
technologies

Technologies which enable active reduction
of electricity use. Demand response is a
form of demand side management that can
flatten the load profile.

• Demand response-enabled heating,
ventilation and air conditioning systems
(HVAC).

• Refrigeration (C&I).
• Hot water systems.
• Pumps (inc. pool pumps for residential).
• EVs.
• Lighting and other appliances.

DER coordination
technologies

Management systems, or operational
technologies designed to monitor,
aggregate, optimise and control a suite of
distributed assets.

• DER Management Systems (DERMS)
• Microgrids and standalone power

systems.
• Virtual Power Plant (VPP) /aggregator

solutions.
• Home and building energy management

systems.
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Advantages of small-scale DER technologies
A key element of any electricity system is the real-time balancing of supply and demand. Historically, demand and
consumption have been relatively easy to predict as customers had little choice but to source their electricity from a
central grid, and supply (generation) could be dispatched to match real-time demand. Globally, two trends are
occurring concurrently that make the balancing of electricity systems more challenging:

• Decarbonisation: replacement of fossil-fuel-based generation with weather-dependent (and hence variable)
renewable sources of generation, and

• Decentralisation: customers increasingly installing technologies behind-the-meter such as solar PV and batteries
to take control of their own electricity needs and become a producer-customer or ‘prosumer’.

In this environment, managing the supply-demand balance and ensuring the availability of sufficient energy system
support services (such as frequency and voltage control) is more challenging, and the value of flexibility on both the
supply and demand side increases.

DER technologies can play an important flexibility role, as they are capable of providing a range of system support,
network support and market services beyond their passive use to simply reduce a customer’s own grid electricity
consumption. These services are derived from the active coordination of distributed assets, and – depending on the
asset – can contribute to either demand or supply-side needs. Collectively, these services are often referred to as
‘flexibility services’.

Flexibility services offer a range of benefits in renewables-based electricity systems including:

• Reducing the cost of wholesale electricity (please refer to the Capacity Assessment for a more detailed
explanation of the wholesale electricity market).

• Reducing the cost of other electricity services.

• Deferral or avoidance of generation expenditure.

• Deferral or avoidance of network expenditure.

• Lower system losses (please refer to the Capacity Assessment for a more detailed explanation regarding system
losses).

Small-scale DER technologies have
significant potential to defer large-scale

infrastructure investments, improve
energy reliability and reduce emissions

4 Renewable Energy Technologies
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Figure 5: Energy transition graphic – current versus future electricity system
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Figure 6 below illustrates how DER assets can lead to significant utility-scale infrastructure savings. The blue line
illustrates the energy demand profile for a hypothetical region and the green line shows the production profile from
rooftop solar PV assets peaking in the middle of the day. This effectively shows that generally demand from the grid
is lower in the middle of the day and increases in the evening, while rooftop solar PV generates energy at a time when
demand from the grid is low. The diagram illustrates that, when DER generation technologies are combined with
storage and demand response technologies, and coordinated, the grid load profile for an area can be flattened,
resulting in a significant reduction in peak demand from the grid (the dotted line). This can result in significant utility-
scale infrastructure savings that would otherwise be needed to meet peak demand requirements.

Small-scale DER technologies are decentralised in nature and offer a number of operational and social benefits over
large-scale renewable energy technologies. Coordinated DER technologies can result in deferred or avoided
generation and network infrastructure costs that would otherwise be required to meet energy demand. DER
technologies also benefit from significantly lower supporting infrastructure costs. DER assets are connected to low-
voltage distribution network infrastructure and do not require large-scale network augmentations or replacements to
secure connection to the grid.

DER technologies can also result in improved energy reliability for customers at a lower cost. Emissions reductions
from deploying DER assets can also be fully attributed to a site or location when electricity is consumed behind-the-
meter.

DER technologies also offer resilience benefits. For example, where larger parts of the interconnected network are
impacted by fires or floods, DER technologies such as microgrids and standalone power systems are able to continue
to supply local areas, individuals and telecommunication towers, despite wider outages in the region.

Development of DER assets have been prioritised by federal and state governments and they benefit from a relatively
supportive regulatory environment which can enable rapid uptake across a broad region. DER assets also have very
low land-use requirements with often stronger community support compared to large-scale developments.

Small-scale DER technologies have
significant potential to defer large-scale

infrastructure investments, improve
energy reliability and reduce emissions
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Figure 6: DER can lead to significant utility-scale infrastructure savings
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Disadvantages of small-scale DER technologies
While there are a range of advantages to DER technologies, there are some disadvantages to their deployment,
notably some regulatory, social and economic challenges to their successful deployment, as discussed below.

• Regulatory challenges for DER technologies

• Many DER technologies are early stage in nature, with business models and regulations related to their
deployment changing regularly.

• Regulation of microgrids and SAPS in Australia, for example, is an evolving field given the nascent nature of the
technology systems and the potential risk to customers who are dependent on electricity systems that are
entirely independent of the grid.6 There are a number of community battery trials in Australia, testing
innovative business models and tariff structures but widescale deployment of community batteries will require
regulatory changes to electricity network tariff structures.

• DER technologies hold significant potential to benefit customers and the grid, but they require careful
coordination between a wide range of stakeholders and carefully considered regulations to protect customers.
Deployment of more innovative DER technologies in the Central NSW region will require close coordination with
electricity market regulatory stakeholders – councils may need to participate in regulatory trials, for example,
for community batteries, to accelerate their deployment.

• Technological challenges for DER technologies

• DER technologies face a number of technological challenges driven largely by their distributed and
decentralised nature across electricity distribution low-voltage networks. Historically, with the electricity
network dominated by one-way flows from large-scale generators to customers, DNSPs have not required
detailed visibility of their low-voltage networks. However, as DER uptake increases and customers transition to
‘prosumers’, bilateral energy flows across the low-voltage networks are resulting in more complex flows and
network constraint patterns. Technology solutions which provide DNSPs with low voltage network visibility are
costly, take time to implement and also require customers to install smart-meters. While DNSPs are rapidly
seeking to improve their low voltage network visibility capabilities, in the short-to-medium term, poor low
voltage network visibility may hamper DER utilisation.

• DER technologies also require aggregation and coordination to enable effective utilisation of these assets
across a network. This requires DER assets to be able to be remotely monitored and controlled. While there has
been some development in this space, there are a number of technological but also cyber and information
issues that are yet to be solved. Enabling remote control of DER assets across customers’ homes exposes
households to a number of cybersecurity attack, data and privacy breach risks.

• Social challenges for DER technologies

• There is potential for DER technologies to result in an unequal distribution of socio-economic benefits. DER
technology assets are often customer-owned with asset costs at least partially-borne by customers. While this
can enable rapid uptake, as has been the case for rooftop solar PV in Australia, the benefits are heavily skewed
toward customers who can afford to install DER technologies behind-the-meter. As a result, there is a
significant risk that benefits flow mainly to wealthy homeowners and businesses, without government
intervention.

• For example, this problem is commonplace with rental properties where property owners are not incentivised to
make upgrades to a building, install DER or major appliances, as they do not benefit from lower energy bills
resulting from these upgrades. Tenants leasing a home or building, who are not responsible for making capital
investment decisions, suffer from higher operational costs when a building’s infrastructure is inefficient.
Currently this problem, known as the split-incentives problem, is a common feature across Australia. There are
a number of innovative business models and solutions which we discuss further in Appendix 3.

Small-scale DER technologies still face
some regulatory, technological and social

challenges to successful deployment
4 Renewable Energy Technologies
and their Potential in CNSW

6. AEMC, Review of the regulatory frameworks for stand-alone power systems (2019), aemc.gov.au, accessed 25 August
2023.



23 Opportunities Context Report – Appendix to Nexus between energy security and emissions reduction Business Case
A member firm of Ernst & Young Global Limited. Liability limited by a scheme approved under Professional Standards Legislation.

Developments in DER deployment in Central NSW
Rooftop solar PV is by far the most mature and abundant DER technology in the world today and Australia has among
the highest global rates of rooftop solar PV penetration, with rooftop solar PV deployed on more than 30% of all
homes.7 Data from the Australian PV Institute, shown below, indicates that broadly, rooftop solar PV penetration
increases from the east to west in the Central NSW region.

According to data from the Australian PV Institute, six of the LGAs in the Central NSW region (Lithgow, Oberon,
Bathurst, Blayney, Orange and Forbes) have rooftop solar PV penetration rates below the national and NSW state
average.8 Lachlan and Parkes, the LGAs with the highest penetration of rooftop solar PV in the region, rank in the
highest 25% of LGAs nationally and in NSW. Rooftop solar PV penetration in the CNSWJO region aligns with solar
resource potential in the region, as outlined in Chapter 3.

Publicly available data of other types of DER is more challenging to come by. Figure 8 below shows DER capacity by
LGA from Essential Energy and Endeavour Energy’s latest Distribution Annual Planning Report (DAPR) – it does not
distinguish between different types of DER but is likely dominated by rooftop solar PV, and to a much smaller extent,
batteries (we understand that this data does not include EVs). The map indicates that Orange and Bathurst, which are
the most populated LGAs, have the highest installations of DER assets in the region, followed by Lithgow, Cabonne
and Parkes.

Uptake of DER technologies in Central
NSW has been driven by rooftop PV

installations
4 Renewable Energy Technologies
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7. Australian Renewable Energy Agency, Solar PV R&D, arena.gov.au, accessed 25 August 2023.
8. Australian PV Institute, Mapping Australian photovoltaic installations (2023), pv-map.apvi.org.au
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While numerous studies indicate that 80-90% of EV charging is done at home, public EV charging infrastructure is
vital to increasing EV uptake and use for both locals and tourists alike. 9 Figure 9 below uses data from PlugShare to
show the extent of public EV charging infrastructure in the region. Fast charging infrastructure is limited to the major
centres and highway corridors of Lithgow, Bathurst, Orange, Parkes and Cowra. In 2021, the CNSWJO published an
Electric Vehicle Charging Infrastructure Assessment which proposed installing new fast charging sites in Molong,
Forbes and Condoblin.10 The report also recommended installation of ultra-fast (~350kW) sites in Bathurst, Orange,
Cowra and Parkes.

There are also 4 existing commercially owned, distribution network-connected DER projects in the Central NSW
region currently. These projects are connected to Essential Energy’s 66kV or lower distribution network system and
benefit from significantly less regulatory and technical obligations than large-scale, transmission connected
renewable energy projects. These projects are listed below.

• Peak Hill Solar Farm – 4.99MW, commissioned in 2020.

• Trundle Solar Farm – 4.99MW, commissioned in 2020.

• West Jemalong Solar Thermal Plant – 1.1MW, commissioned in 2017.

• Lake Cargelligo Solar Thermal Plant – 3MW, commissioned in 2011.

Please refer to Appendix 2 for a more detailed discussion of solar thermal technologies.

There is minimal publicly available information on the participation of businesses in the Central NSW region in
demand response programs. However, we note that in 2022, CMOC Mining Services (CMOC), the manager of the
Northparkes mining operation, released a request for information for electricity supply options from the beginning of
2023. In this document, CMOC reveals analysis indicating that the mine has the opportunity to ramp down operations
by up to 15MW, if there was a way to participate in demand response or reliability and emergency trader (RERT)
programs. Given this analysis, demand response may also be a viable option for other large mining operations in the
region, such as Cadia Mine. We also understand that Cadia Mine participates in AEMO’s Wholesale Demand Response
Mechanism. Finally, council water pumping sites are also good potential sites to participate for demand response – we
understand that at least one CNSWJO member already participates.

There are also examples of more
innovative DER technologies such as solar

thermal and demand response in the
Central NSW region
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9. EVSE, Everything you need to know about home charging (nd), evse.com.au, accessed 25 August 2023.
10. Available at https://www.centraljo.nsw.gov.au/content/uploads/CNSWJO-Regional-Charging-Infrastructure-in-Central-NSW-Final-
compressed.pdf
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Opportunities in Central NSW
While the Central NSW region has significant renewable energy resource potential to help meet energy security and
emissions reduction goals, energy network infrastructure in the region (particularly in the western LGAs) is unable to
adequately support large-scale renewable energy technology projects. Small-scale DER technologies represent the
best opportunity for consideration. Through detailed analysis (see Chapter 5) and research and consultation with
Central NSW LGAs and key industry stakeholders, we’ve identified six priority DER technologies for consideration in
the options assessment for the Business Case. The six solutions are:

1. Increased rooftop solar PV in eastern LGAs and Forbes.

2. Increased behind-the-meter storage at homes and business using battery energy storage systems.

3. Community batteries for new and existing residential precincts.

4. Standalone power systems or microgrids for new industrial precincts, certain residential developments and
remote communities.

5. VPPs in areas with a variety of demand profiles and DER generation and storage technologies.

6. Installation of EV charging infrastructure at key transport corridors (e.g. Lithgow and Cowra).

Please refer to Appendix 2 for a more detailed discussion of other DER technologies.

We have identified six small-scale DER
technology opportunities to achieve

energy security and emission reduction
goals

4 Renewable Energy Technologies
and their Potential in Central NSW
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Chapter overview
This chapter outlines the long list of renewable energy technology solutions that was used an input to the
development of options for assessment in the Business Case. This chapter also describes our MCA approach to select
a set of solutions and sets out the detail of the three options chosen for consideration in the Business Case.

The MCA Approach
The MCA approach brings together all aspects of research and acts as a ‘funnel’ to ultimately identify the most
relevant technology solutions that would likely best address the problems identified. In terms of process, the
following activities were completed as part of the overall approach:

1. Problems identified in the Investment Logic Map (ILM) were considered and options were defined that would
address these problems. Descriptions of the options and their characteristics can be found on page 30 and page
31. The options broadly follow business case principles where Option 1 is considered to be a ‘do minimum’ option
and is characterised by addressing immediate energy security and reliability issues. Option 2 builds on this and is
considered to be a ‘meet energy needs’ option and is characterised by addressing immediate energy needs (i.e.
Option 1) but also catering for future needs where future energy security and reliability issues are expected.
Option 3 builds on this once more and is considered to be a ‘do everything’ option and is characterised by
addressing current and future energy needs (Options 1 and 2) as well as supporting the region’s transition to net
zero through supporting the gas-to-renewables transition and electrification of transport.

2. Options were refined through utilising information gathered from the capacity, demand and gas transition
analysis to identify the particular components for investigation within each option. For Option 1, this entailed
examining the demand analysis to determine which substations were currently deemed energy insecure (negative
capacity) or unreliable (significant outages). For Option 2, this entailed identifying which future residential or
industrial precincts were expected to face energy supply constraints. For Option 3, this entailed exploring where
in the region EV infrastructure would be best placed, and where immediate action should be taken to enable
private investment into renewable infrastructure to support the gas-to-renewables transition.

3. Separately to steps 1 and 2, a long list of renewable energy technology solutions was identified (Figure 10, next
page). This list was developed through consultations with each LGA and other stakeholders and was agreed by
councils to be a complete set of possible solutions for consideration within the Business Case. Please refer to
Appendix 4 for a more detailed discussion of the long list of solutions for each LGA and the key characteristics of
the energy supply in that region, including current rooftop solar PV penetration and the number of substations
that are deemed to be energy insecure or that suffer from reliability issues. Further discussion of the current
characteristics of substations within each LGA can be found in the Demand Report.

4. Criteria were developed to use in an MCA to support the assessment of the solutions identified in Step 3 against
the extent to which they would be expected to address the options as described at the end of Step 2. As part of
the framework, the criteria were also assigned weightings for each option with higher weights given to criteria
deemed more important for that particular option and vice versa (for example, criteria related to ease of
implementation were assigned a higher weight for Option 1 given the ability to design, construct and operate
quickly is of importance for Option 1, but less so for Option 2).

5. The MCA was then performed methodically commencing at Option 1. It entailed assessing the long list of
solutions for a particular LGA against the problem to be addressed in that LGA through the ten criteria.

6. Consideration was then given to any adjustments needing to be made. For example, the inclusion of future
proofing the infrastructure preferred for Option 1 in Option 2 to ensure it remained fit for purpose and achieved
the objectives of Option 2 given the building block approach.

The MCA ultimately enabled the identification of solutions that would best meet the needs of the region seeking to be
addressed through this Business Case process and define the options for progression through to the CBA.
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97 potential technology solutions were
identified across all Central NSW LGAs

Figure 10: Output from the long list workshop

Lachlan

• Energy security solutions (i.e. small-scale DER
and VPPs, substation upgrades / batteries to
relieve distribution network pressure

• Microgrid opportunities at Condoblin (inc. new
WTP and inland rail facility)

• Gas-to-renewables for larger industrial users
(Sunrise, Durotank, Hospital)

• Demand response for large C&I customers
• Community battery
• Small-scale wind opportunities
• Concentrated solar thermal opportunities

Weddin

• Energy security solutions (e.g. Grenfell
substation upgrades)

• Small-scale generation, storage and demand
response solutions at STP and local aquatic
centre (i.e. variable speed pumps)

• Pumped hydro opportunity at Caragabal
• Mobile standalone power systems for seasonal

industrial loads

Cowra

• DER generation and storage opportunities at
large industrial sites

• Biogas or standalone power systems
opportunities for local recycling facility

• Pumped hydro opportunities
• Waste to hydrogen
• Microgrid or standalone power systems at

Cowra airport

Blayney

• Substation upgrades or storage solutions to improve
reliability around Blayney (specifically near Milthorpe)

• Potential for larger-scale wind farms in Blayney (e.g.
Flyers Creek wind farm)  - vocal minority community
opposition

• Pumped hydro at Lake Rowlands/Carcoar Dam (also
potential for micro-hydro – CTW)

• DER generation and storge for Nestle’s planned
expansion

• Demand response for large C&I customers (e.g. Cadia
mine)

• Medium-scale solar farm

Forbes

• Substation upgrades and / or battery storage
installation (i.e. Paytens Bridge, W Jemalong)
to reduce peak-grid demand

• Microgrid opportunities
• Mobile standalone power systems to improve

energy reliability in the wake of natural
disaster events

• Increased rooftop PV uptake
• Concentrated solar thermal opportunities –

early-stage pilot plants at West Jemalong
• ‘Free standing’ solar PV (small-medium scale

solar farm)

Oberon

• Large-scale wind farm opportunities –
community concerns

• Improving gas security (gas-to-renewables,
improved pipeline infrastructure)

• Waste-to-energy opportunities (e.g. Borg bio-
digester combined with solar panels)

• Community batteries
• Demand response for large C&I customers
• Demand response opportunities, particularly at

‘second home’ residences
• Hydro opportunities are limited

Lithgow

• Improving gas security (gas-to-renewables, improved
pipeline infrastructure)

• Lake Lyell PHES
• Large-scale batteries (e.g. Wallerawang)
• Advanced manufacturing and hydrogen opportunities
• Demand response, smart appliances and HEMS
• Waste-to-energy (e.g. proximity to Sydney)
• Large-scale renewables at future disused power plants

and mine sites
• Wind opportunities
• Solar farm (e.g. proposed between Wallerawang/

Portland – Pine Crest)
• Grid-firming Wallerawang (Transgrid 330kV)
• Transport opportunities (e.g. hydrogen refuelling

intersection of highways)

Parkes

• Substation upgrades at Trundle
• Grid reliability and stability battery

developments at Parkes bulk supply point
• Demand response for C&I customers
• Micro-hydro opportunities (early-stage)
• Batteries / storage to harness solar PV
• Initiatives that will accommodate future

growth at Parkes SAP and North Parkes Mine
expansion

• Waste-to-energy and recycling
• Network capacity expansion concerns
• Green hydrogen / ammonia for fertilisers

Cabonne

• Energy security solutions (i.e. substation
upgrades / batteries at Cumnock and Molong
to relieve network constraints)

• Gas and coal-to-renewables for large industrial
users (flour mill and canola oil facility)

• VPP, microgrid and / or community batteries
(e.g. at Molong 700 lots residential
development)

• Medium-scale solar farms
• Demand response for large C&I customers
• PHES opportunity at Dixons Long Point
• Waste to energy

Bathurst

• Central West PHES (ATCO)
• Large-scale grid stability battery (e.g.

Panorama, Transgrid)
• DER generation, VPPs and community

batteries at large planned residential
developments (Laffing Waters, other
residential expansions, build-to-rent)

• Potential for large-scale wind / solar
developments – vocal minority community
opposition

• Waste to energy (inc. biogas)
• Gas to renewables

Orange

• Energy security solutions (i.e. substation upgrades at
Orange Industrial)

• Community batteries (e.g.at affordable housing
precincts) connected to medium-size solar farms

• Medium-scale battery solutions at the water and
sewage treatment plant

• Medium-scale solar farm (inc. at airport)
• VPPs at large residential precincts (i.e. proposed

Shiralee / Life Science Precinct)
• Demand response opportunities (inc. C&I)
• Increased solar PV penetration in Orange
• Potential PHES opportunities
• Precincts with associated microgrids
• Waste-to-energy

Weddin

Orange

Cabonne

BathurstLachlan
Lithgow

Forbes Cowra

Parkes

Oberon

Blayney

Note:
Community sentiment and social licence has been raised as an issue by
stakeholders. This will be an important consideration in the development
and assessment of options, noting that options will be groupings of
feasible solutions that address the overarching objective of energy
security and reduced emissions in the region.

Note: This list does not capture all of Central Tablelands Water proposed projects

Sources: Transgrid TAPR 2023, Essential Energy DAPR 2022
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The MCA criteria
Ten MCA criteria were developed to assess each long list technology solution and determine the most appropriate
solution for the problem seeking to be addressed in each option. The solution with the highest score was then
selected as the preferred solution to be included in the option definition and thus for inclusion in the CBA

The ten criteria are outlined below and were developed through consideration of:

1. The ILM output and the benefits being sought by this project (referred to as ‘Benefit Statements’ in Table 3
below).

• The detailed Benefit Statements can be found in the Business Case.

2. The risk analysis and the findings related to which particular solution was deemed more or less risky for particular
risk categories.

• The risk analysis can be found in the Business Case.

3. The information collected throughout the investigation process including:

a) Current levels of renewable energy potential by LGA (for example, solar potential).

b) Expected proximity of customers to each other (to understand feasibility of certain solutions such as a
microgrid).

The scoring framework can be found in Appendix 4.

Our MCA approach is based on a building
block framework and ten criteria based on

outputs from the ILM workshop and
solution feasibility

Table 3: MCA criteria

Criteria Type Criterion

ILM Criteria

1. Extent to which the solution increases the reliability of energy supply in Central NSW to meet customer
needs now.
[Benefit Statement #1]

2. Scalability of the solution to meet the energy supply needs in Central NSW tomorrow (future growth).
[Benefit Statement #1]

3. Extent to which the solution will support lower emissions in the Central NSW region.
[Benefit Statement #2] [Informed by risk  - Environment]

4. Extent to which the solution will lower price pressures and support energy affordability in the Central
NSW region.
[Benefit Statement #3] [Informed by risk  - Market]

5. Extent to which the community and industry understand and support the solution.
[Benefit Statement #4] [Informed by risk  - Social & Public Perception]

Solution
Feasibility

Criteria

6. Simplicity to implement / construct the solution
[Informed by risk  - Service Delivery & Technical Complexity]

7. Maturity of the technology and ability for it to be deployed immediately

8. Supportive regulatory and policy environment surrounding implementation of the solution
[Informed by risk  - Political & Regulatory]

9. Availability of the renewable energy resource or feedstock required to successfully operate the solution.

Solution
Suitability

10. Suitability of the technology solution to the specific location being considered
[Informed by risk  - Economic & Financial]



In designing our MCA approach, we considered NSW Government guidance on best practice approaches to options
development for investment business cases. The three options are described below and are based on a ‘building
block’ approach, where each option targets different objectives and builds on one another, as illustrated below in
Figure 11. The description of options and the locations they relate to are set out in Table 4. The results of the MCA
(i.e. the short-listed technologies relevant to each option) are set out in Tables 6, 7 and 8.
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We agreed the definitions of three options
which address CNSWJO’s energy security

and emissions reduction goals

Table 4: Options definitions

Option 1 Address immediate energy reliability and security issues.

Description Address the areas currently experiencing the worst reliability and energy security
issues through examining current limitations of Central NSW’s substations.

Geographic Locations

Areas with current energy security or reliability issues
as identified by data from DNSPs and discussions with
LGAs.

Identified particular substations where:
1. Reliability issues are present as indicated by a

substation that experiences higher than average
outages.

2. Security issues are present as indicated by a
substation that is nearing or at its operational
limits (less than 5% MVA available).

Reliability issues:
• Lake Cargelligo, Lachlan
• Condoblin, Lachlan
• Grenfell, Weddin
Security issues:
• Mandurama, Blayney
• Canowindra, Cabonne
• Cumnock, Cabonne
• Molong, Cabonne
• Paytens Bridge, Forbes
• Orange Industrial, Orange
• Trundle, Parkes

Option 1 Option 2 Option 3

Option 1 Option 1 Option 1

Option 2 Option 2

Option 3

Figure 11: ‘Building block’ approach

Option 2 Address future energy reliability and security issues (inclusive of option 1).

Description
In addition to addressing current security and reliability issues, address reliability and
energy security issues where demand growth is expected in the medium term to
future-proof the region and support regional population and industry growth.

Geographic Locations

Central NSW’s expected major growth areas over the
next ten years with a particular focus on precincts
and where energy issues have been flagged as a
potential for inhibiting growth.

Parkes SAP is currently undergoing a process to
support its energy needs. To avoid duplication, it is
not being considered here.

• Bathurst - Laffing Waters
residential precinct

• Orange – Airport

• Option 1 Locations • Areas identified in option
1 above
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We agreed the definitions of three options
which address CNSWJO’s energy security

and emissions reduction goals

Table 4: Options definitions (continued)

Option 3 Target high emissions areas (inclusive of options 1 and 2).

Description

In addition to addressing energy security and reliability issues, identify technology
solutions or enabling mechanisms to support emission reduction in Central NSW
through a focus on high emission areas / sectors and identifying solutions to enable
and support private investment that contributes towards the region’s transition from
natural gas.

Geographic Locations

Focus on those areas / sectors in Central NSW that
play a key role in the regions emissions reduction
trajectory. This includes:
• Gas emissions from significant users
• Transport emissions and key transport hubs

Waste facilities are recognised as key contributors to
the region’s emissions. It is understood that a planned
waste-to-energy project has been proposed as part of
the Parkes SAP project. To avoid duplication, it is not
being considered here.

• Cowra  - EV transport hub

• Lithgow – EV transport
hub

• Parkes – EV transport hub

• Oberon – enabling
environment for gas to
renewables transition

• Option 1 Locations • Areas identified in options
1 above

• Option 2 Locations • Areas identified in options
2 above
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Each solution from the long list was then scored using a qualitative assessment of alignment against the MCA criteria
for each option, and adjusted by an option weighting. The weighting was determined by considering how important
that criterion is in achieving the desired outcomes of that particular option. Weightings were determined through a
workshop with the CNSWJO and member councils. Table 5 below summarises the weightings applied for each option.

*Please note this criteria considers aspects such as resiliency and characteristics of the LGA. For example, those LGAs
where resiliency is a higher priority saw solutions deemed more resilient (i.e. removed from reliance on the grid) score
higher.

We reviewed and workshopped criteria
weightings for the different options with

CNSWJO stakeholders

Table 5: MCA criteria weighting for each option

Criteria Type Criterion
Option Weighting

1 2 3

ILM Criteria

1. Extent to which the solution increases the reliability of
energy supply in Central NSW to meet customer needs
now.
[Benefit Statement #1]

18% 11% 10%

2. Scalability of the solution to meet the energy supply
needs in Central NSW tomorrow (future growth).
[Benefit Statement #1]

14% 17% 15%

3. Extent to which the solution will support lower emissions
in the Central NSW region.
[Benefit Statement #2] [Informed by risk  - Environment]

11% 15% 19%

4. Extent to which the solution will lower price pressures
and support energy affordability in the Central NSW region.
[Benefit Statement #3] [Informed by risk  - Market]

15% 13% 14%

5. Extent to which the community and industry understand
and support the solution.
[Benefit Statement #4] [Informed by risk  - Social & Public
Perception]

7% 8% 11%

Solution
Feasibility

Criteria

6. Simplicity to implement / construct the solution.
[Informed by risk  - Service Delivery & Technical
Complexity]

7% 9% 5%

7. Maturity of the technology and ability for it to be
deployed immediately. 6% 7% 7%

8. Supportive regulatory and policy environment
surrounding implementation of the solution.
[Informed by risk  - Political & Regulatory]

8% 7% 7%

9. Availability of the renewable energy resource or
feedstock required to successfully operate the solution. 6% 7% 5%

Solution
Suitability*

10. Suitability of the technology solution to the specific
location being considered.
[Informed by risk  - Economic & Financial]

7% 7% 7%

Key criteria for an
option (>15%)

Secondary criteria for an
option (≥10%<15%

Least critical criteria for
an option (<10%)



33

5 Recommended Options for
Consideration in the Business Case

Opportunities Context Report – Appendix to Nexus between energy security and emissions reduction Business Case
A member firm of Ernst & Young Global Limited. Liability limited by a scheme approved under Professional Standards Legislation.

Option 1 results
A detailed analysis using our MCA approach identified commercially-proven DER generation (small-scale solar farms
and rooftop solar PV) and storage (medium-size utility-scale batteries and small-scale batteries) as the best
technology solutions to help address immediate energy reliability and security issues in the CNSWJO region. These
technologies scored particularly well in solution feasibility for this particular option, as they are able to deployed
quickly with minimal construction and regulatory constraints.

Commercially-proven DER generation and
storage technologies were identified as the

best technology solutions to address
immediate energy security issues

Table 6: Technology solutions identified for Option 1

Option 1 Address immediate energy reliability and security issues.

Description Address the areas currently experiencing the worst reliability and energy security
issues through examining current limitations of Central NSW’s substations.

Geographic Locations

Areas with current energy security or reliability issues as identified by data from
DNSPs and discussions with LGAs.

Identified are the particular substations where:
1. Reliability issues are present as indicated by a substation that experiences higher

than average outages.
2. Security issues are present as indicated by a substation that is nearing, or at, its

operational limits.

Locations Technology Solution Identified

Areas with reliability issues:
• Lake Cargelligo, Lachlan
• Condoblin, Lachlan
• Grenfell, Weddin

• Appropriately sized battery storage
solution located at the zone substation
with a co-located small-scale (<5MW)
solar farm.

Areas with energy security issues:
• Mandurama, Blayney
• Canowindra, Cabonne
• Cumnock, Cabonne
• Molong, Cabonne
• Paytens Bridge, Forbes
• Orange Industrial, Orange
• Trundle, Parkes

• Increased uptake of behind-the-meter
DER generation (rooftop solar PV) and
storage (batteries) solutions.

The technology solutions identified for Option 1 are commercially available and able to be quickly deployed to
address energy security issues being experienced now.

• The installation of a battery storage solution and co-located small-scale solar farm at zone substations in areas
with energy reliability issues will make these areas more resilient when electricity from the grid is down.

• Increased behind-the-meter DER uptake in the areas identified will address energy security issues and alleviate
demand from the grid in critical areas of the network, and in doing so, support energy security across the region,
as identified in the Capacity Assessment.
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Option 2 results
A detailed analysis using our MCA approach identified more innovative DER solutions (community batteries, virtual
power plants or ‘VPPs’ and microgrids) in combination with readily available DER generation and storage solutions as
the best technology solutions to help address future energy reliability and security issues in the region. These
technologies scored particularly well in scalability and community sentiment criteria. The short-listed solutions from
option 1 are included in option 2 (as a separate line item) as it is assumed that existing issues would be addressed at a
minimum before also addressing future needs. Given the longer lead-time for option 2, the option 1 solutions can be
built upon with more innovative solutions to create more value.

More innovative and scalable DER
solutions were identified as the best

technology solutions to address future
energy reliability and security issues

Table 7: Technology solutions identified for Option 2

Option 2 Address future energy reliability and security issues (inclusive of option 1).

Description
In addition to addressing current security and reliability issues, address reliability and
energy security issues where demand growth is expected in the medium term to
future-proof the region and support regional population and industry growth.

Geographic Locations

Central NSWs expected major growth areas over the next ten years with a particular
focus on precincts and where energy issues have been flagged as a potential for
inhibiting growth. Identified substations in the Demand Report that may experience
operational limitations in the future have also been included.

Parkes SAP is currently undergoing a process to support its energy needs. To avoid
duplication, it is not being considered here.

Locations Technology Solution Identified*

• Bathurst - Laffing Waters
residential precinct

(If constraints at the relevant
substation are not addressed
then Raglan becomes
constrained in FY27)

• Microgrid with onsite small-scale solar farm
and an appropriately sized community battery
located within the residential precinct
embedded network.

• A VPP to enable effective utilisation of behind-
the-meter DER assets within the precinct

• Increased uptake of rooftop solar PV, batteries
and EVs.

• Orange Airport

(If constraints not addressed
then Orange South becomes
constrained in FY31)

• Microgrid with onsite small-scale solar farm
and an appropriately sized battery located
within the airport precinct embedded network.

• Option 1 locations

• Option 1 technology solutions with a VPP
across those locations to reduce risk of future
energy security issues in those areas and
ensure continued reliability / security of option
1 infrastructure for the long term.

Note: The Demand Report indicates that Raglan Substation in Bathurst may experience constraints from FY27 should no future substation upgrades be completed by the DNSP. It is assumed
however, that under a business-as-usual scenario, the DNSP will maintain regulated service standards (and thus the substation will not exceed its limitations causing service interruptions). However,
it is expected that the solution at Laffing Waters will take a portion of the future energy load requirements, thus delaying the need for a substation upgrade. This benefit will be captured through the
CBA. Similarly, Orange South is expected to reach operational limitations around FY31. The solution proposed for Orange Airport will reduce the load on Orange South, thus also delaying the need
for substation upgrade by the DNSP.
* The MCA scoring for Bathurst – Laffing Waters yielded three preferred technology solutions because the weighted scores were within 0.05 of one another. See Appendix A-4

The technology solutions identified for Option 2 are scalable and address the risk of future constraints due to demand
growth.

• Microgrids at key locations, such as the Laffing Waters precinct and the airport at Orange, will provide energy security
and reliability to those residents and businesses. It will also reduce the demand from the grid as population and
consumption increases. These microgrids will could act as ‘pilots’ for future precinct developments throughout the
region.

• VPPs will leverage the increased DER in the region so that consumption and demand can be optimised, to reduce the
impact on the grid.
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Option 3 results
A detailed analysis using our MCA approach identified technologies that support ultra-fast EV chargers and advocacy
and stakeholder engagement solutions to enable economic growth and emissions reductions in the region as the best
solutions to target high emissions areas in the CNSWJO region. In this option, technologies that address energy
security in the broader context of electrification and the energy transition are selected, while creating an enabling
environment for the private sector to invest in solutions that benefit their businesses and the community.

Technologies, policy advocacy and
stakeholder engagement to enable economic

growth and emissions reduction were
identified to target high emission areas

Table 8: Technology solutions identified for Option 3

Option 3 Target high emissions areas (inclusive of options 1 and 2).

Description

In addition to addressing energy security and reliability issues, identify technology
solutions or enabling mechanisms to support emissions reduction in Central NSW
through a focus on high emission areas / sectors and identifying solutions to enable
and support private investment that contributes towards the region’s transition from
natural gas.

Geographic Locations

Focus on those areas / sectors in Central NSW that play a key role in the region’s
emissions reduction trajectory. This includes:
 Gas emissions from significant users.
 Transport emissions and key transport hubs.

While no individual waste facilities have been identified as a key contributor to the
region’s emissions, it is recognised that waste plays a key role in the emissions
landscape and thus consideration will be given to the planned waste-to-energy project
occurring at the Parkes SAP.

Locations Technology Solution Identified
• Cowra  - EV transport hub • Ultra-fast EV charger.

• Co-located small-scale solar farm and
battery solution to supplement grid-
power to the EV charger.

• Lithgow – EV transport hub

• Parkes – EV transport hub
• Oberon – enabling environment for

gas-to-renewables transition

(When the MCA was applied to the
long list of solutions for Oberon to
manage the gas transition, waste-to-
energy was the preferred solution in
this instance.)

• Advocacy and stakeholder engagement
by CNSWJO to create a supportive and
enabling environment for local
commercial and industrial businesses to
transition from gas-to-renewables, such
as by deploying and installing waste-to-
energy technologies in the region (e.g.
Borg in Oberon).

• Option 1 locations

• Option 1 technology solutions with a
VPP across those locations to reduce
risk of future energy security issues in
those areas and ensure continued
reliability / security of option 1
infrastructure for the long term.

• Option 2 locations • Option 2 technology solutions.

The technology solutions identified for Option 3 best target high emission sectors, whilst supporting economic
growth in the CNSWJO region.

• Ultra-fast EV chargers with co-located generation and storage solutions could support low emissions tourism in
the region, and by co-locating the charger with generation and storage, minimise grid impacts.

• Large emitting business are seeking to decarbonise their gas emissions but face some community opposition.
CNSWJO can leverage their position to advocate and educate the community, creating an environment where
industry can invest in decarbonisation and drive low emissions economic growth in the region. This approach
could then be used as a ‘pilot’ for other opportunities for advocacy identified in the Gas-to-Renewables Transition
Assessment.
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MCA options discussion
Our MCA analysis identified a range of renewable energy technologies for the different options. The identified
solutions are largely small-scale DER. Below we highlight some key reasons why larger-scale renewable energy
solutions did not score as well as DER solutions under the MCA approach for the options identified.

Option 1 - Address immediate energy reliability and security issues

• The MCA scoring and weighting prioritises technology solutions which can be deployed quickly and support
energy affordability. The solutions which scored best therefore have low build times, a supportive regulatory
environment and are simple to implement. In the areas experiencing capacity issues, increased generation in
front of the meter is not suitable – a combination of behind the meter DER generation and storage solutions
were identified as the best solutions. In areas with reliability issues, generation and storage solutions located at
the zone substation are suitable.

• Larger-scale solutions (such as solar and wind farms that are greater than 30MW, pumped hydro projects,
utility-scale and large waste-to-energy plants) were identified as being inadequate relative to DER solutions to
address current energy security issues in a suitable timeframe given their design and planning, construction and
network connection, and commissioning periods.

• It is important to note however that increased uptake of small-scale DER solutions identified in Option 1 will
reduce grid constraints and reduce peak demand in those areas which could reduce the risks of curtailment for
other potential projects in the area. The DER projects identified in Option 1 could therefore support the
economic feasibility for future large–scale projects in the region thus potentially attracting investment from
private organisations.

Option 2 - Address future energy reliability and security issues (inclusive of option 1)

• The MCA scoring and weighting prioritised technology solutions which are scalable to accommodate a range of
future demand scenarios as well as which support emissions reduction and to a degree, energy affordability.
Solutions which coordinate a range of customer-owned and other assets such as VPPs and microgrids were
identified as the most suitable solutions.

• As with Option 1, it is expected that effective coordination of DER generation and storage technologies will
alleviate grid demand and increase opportunities and viability of potential larger-scale projects such as the
Central West Pumped Hydro Project.

• While only one residential precinct is being considered in detail here, this specific proposal, or the description of
infrastructure recommended for Laffing Waters, may be viewed as a pilot for the implementation of microgrids
to support new residential precincts across the region. It will demonstrate and explore the expected costs that
would be incurred and benefits that would be realised to understand the feasibility of implementing this style of
DER infrastructure in areas across Central NSW.

Option 3 - Target high emissions areas (inclusive of options 1 and 2)

• The MCA scoring and weighting prioritised technology and other solutions which can help to target high
emission areas and to a smaller degree, flexibility and scalability of technology. The MCA scoring identified co-
located solar and storage solutions to support the installation of ultra-fast EV chargers.

• The scoring also identified a waste—to-energy solution as the best technology to support emissions reductions
through enabling the transition from natural gas by high gas use businesses. Advocacy and stakeholder
engagement to create a supportive and enabling environment for local commercial and industrial businesses to
deploy and install waste-to-energy technologies in the region, instead of actively prioritising an investment with
an individual business, was selected as the best solution given the need to support all businesses transition. This
educational piece could also act as a pilot program, similar to the approach to Laffing Waters above, to support
other programs for the general transition from gas of households and other commercial businesses.

Our MCA approach largely
identified DER solutions for the

short-list of three options
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Chapter overview
This chapter provides a high-level summary of the energy regulatory and policy context for the deployment of
renewable energy solutions in the Central NSW region. This chapter discusses some of the considerations that could
impact the implementation of different technologies. The Business Case will discuss these in more detail with
relevance to the preferred option.

The following topics are discussed in this chapter:
• The regulatory framework for the Australian electricity market.
• An overview of the Energy Security Board’s (ESB) Post-2025 electricity market design reforms.
• Standalone power system regulatory considerations.
• Connections processes and capital contributions.
• Regulatory sandboxing.
• Renewable energy certificates.
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Regulatory framework for the Australian electricity market
Supply of electricity to customers is heavily regulated by federal laws, regulations and governance frameworks that
exist to ensure the efficient operation of the market to support the long-term interests of customers. The Central
NSW region is part of the NEM and initiatives which impact electricity access for customers are governed by the
National Electricity Objectives (NEO) and NER.

The regulatory framework was designed for centralised electricity systems before significant volumes of distributed
energy assets existed. Many of these laws and regulations are being updated and redesigned to accommodate DER
growth and active customer participation, but legacy design issues and stringent protocols take time to adapt and
can appear to restrict or constrain development.

The Australian Energy Regulator (AER) is an independent authority and its purpose is to ensure “energy customers
are better off, now and in the future” by enforcing and monitoring compliance with energy laws and rules which
govern the NEM. While part of the AER’s vision is to “take considered risks”, the core objectives of the regulator are
driven by principles of fairness and equality for all customers across the network. The AER regulates monopoly
markets such as electricity transmission and distribution network service providers and requires these parties to
provide robust cost benefit analysis and business cases to prove that proposed investments are prudent and efficient
and represent the best value for money for all customers across their entire network.

The AER and the network service providers negotiate network investment expenditure which can be passed on to
electricity customers every five years. It is this mechanism which seeks to ensure the network service providers are
not unfairly benefiting from their monopolistic position. The AER rigorously assesses network service providers’
proposed investments to ensure they represent the best value for money for all customers in the network and that
they do not unfairly benefit certain users or regions. The network service providers’ profits are regulated and
calculated based on the total allowable revenue that they can recover from customers during this negotiation,
although the network service providers do receive incentives for performance and reliability.

The table below outlines the regulatory control periods, as well as any key dates for the regulated network businesses
in the Central NSW region. Transgrid has just started their 2023-2028 regulatory control period and will be at the
very early stages of planning their proposal for the next 2028-2033 regulatory control period. Essential Energy and
Endeavour Energy recently submitted their draft regulatory proposals for the 2024-2029 period, with the AER due to
provide a draft decision in September this year.

Table 9: Regulatory Control Periods for network businesses

Role Organisation Regulatory
Control Period

Regulatory
Proposal Due

Public
Forum Draft Decision Final Decision

Electricity
Transmission

TransGrid Jul ’23 – Jun ’28 31 Jan ’22 Apr ’22 Sep ’22 Apr ’23

TransGrid Jul ’28 – Jun ‘33 31 Jan ’27 Apr ’27 Sep ’27 Apr ’28

Electricity
Distribution

Essential &
Endeavour
Energy

Jul ’24 – Jun ‘29 31 Jan ’23 Apr ‘23 Sep ’23 Apr ’24

The regulatory framework for the
electricity market focuses on

ensuring the secure, reliable and
affordable provision of energy

Source: aer.gov.au
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ESB’s Post-2025 electricity market design reforms
The ESB, along with other key bodies in the electricity market (AEMO, Australian Energy Market Commission or AEMC
and the AER) have recognised the legacy issues present in the Australian electricity system and its regulatory
framework and recently set out a clear pathway to transition Australia’s electricity market into a modern system
accounting for the closure of large-scale thermal power stations, the emergence of new renewable energy
technologies and customer market participation. As part of this, the ESB proposed four interrelated reform pathways
and a supporting data strategy which recognises that digitalisation and data are critical to enabling each of the
reform pathways. The reform pathway includes:

• Resource Adequacy Mechanisms (RAMS) – these reforms seek to ensure that the market invests in the right mix of
resource (generation, storage and demand response) before anticipated thermal plant closures. These reforms are
intended to ensure that these plant closures do not cause significant price or reliability shocks to customers.

• Essential System Services (ESS) and Ahead Mechanisms – these reforms are intended to ensure that resources and
services are available as needed to manage increasingly complex dispatch processes and to deliver a secure supply
of electricity to customers.

• Transmission and Access (TA) reforms  - these seek to ensure the network is capable of meeting the future
demand of the power system.

• Integrating DER and Flexible Demand (DER and FD) – these reforms create new opportunities in how customers
receive and use energy and are rewarded for doing so flexibly.

As part of the DER and FD reforms, there are considerations to facilitate the establishment of multiple connection
points at a single residence or business. Currently, most customers are generally restricted to one connection point
per site, with customer loads or DER generation assets unable to be separately connected to the grid. The advantage
of a second connection point for a flexible customer load, such as an EV, or a behind the meter DER generation asset,
is that a direct connection to the grid could better enable the customer to provide electricity network and / or market
services or utilise a more suitable retail plan.

Standalone power system regulatory considerations
Regulation of microgrids and standalone power systems in Australia is an evolving field given the nascent nature of
the technology systems and potential risk for customers who are dependent on electricity systems that are entirely
independent of the grid. In the table below we outline the three broad categories.

Table 10: Categories of standalone power systems and regulatory considerations

Category Regulatory Considerations

Standalone power
systems — led by a
DNSP

Regulated standalone power systems form part of the national electricity system and
national energy laws and rules apply to ensure customers are protected and receive
reasonable pricing and services. These systems include those that support towns or
multiple customers not connected to the NEM but to one DNSP-owned and operated
system, or just a single customer supplied by the DNSP but not connected to the NEM.

Standalone power
systems — led by a third
party (not a DNSP)

These systems are not considered to form part of the interconnected electricity system
and are not considered a regulated system. These systems do not generally need to
comply with the entirety of national energy laws and rules but are governed and
regulated by jurisdictional instruments. There a number of other national and state
customer protections and other laws that may still apply (for example licensing,
pricing, technical and safety regulations). The type of systems captured are the same
as those captured by DNSP-led systems.

Embedded microgrids
These systems are captured by the national energy laws and rules with authorisations
and exemption administered by the AER, and registrations and other procedures
administered by AEMO.

Electricity market bodies
recognise legacy market design

issues and have proposed reforms
to address these
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Connections processes and capital contributions
A connection is the physical link between a DNSP’s network infrastructure and a customer’s premises. The principles
by which a DNSP may charge retail customers for a new connection and require them to make capital contributions
toward the service are governed by the NER. The principles guiding these connection policies seek to ensure that new
customers requesting basic connection services (in general, connections up to 100 Ampere 3 phase low voltage
supply are considered basic connections11) are provided at a fair and equitable cost which does not unnecessarily
impact the cost of servicing the rest of the electricity network. Under the circumstances where a customer requests a
‘non-basic’ connection, this new customer should be responsible for additional costs and impacts on the network
related to that ‘non-basic’ connection. These principles ensure that the DNSP is able to operate in a prudent and
efficient manner in the long-term interest of its customers.

The rules state that a retail customer requesting a basic connection does not need to make a capital contribution
towards the cost of the connection unless:
• An extension to the distribution network is required to provide the connection
• Augmentation of connection assets at the retail customer’s connection point are required
• Augmentation of the distribution system is necessary to provide a standard connection.

Under the circumstances highlighted above, a customer may be required to make reasonable capital contributions
toward the cost of the augmentations using a pricing methodology agreed between the DNSP and the AER. The intent
is that costs of ‘deep’ system augmentation charges are excluded from retail customers connection charges and
capital contributions.

In areas where a distribution system or zone substation area is at or approaching its capacity, connection costs for
new customers can be prohibitively high as a single new connection can result in a number of high-cost distribution
system augmentation works which are passed onto that customer. While the intent of the regulatory framework is for
‘deep’ system augmentation works to be excluded from new connection charges, in more remote and regional areas
at the edges of the distribution system where there are highly localised capacity constraints, the regulatory
framework can result in prohibitively high costs being passed onto new connecting customers. These circumstances
are more common in regional areas and occur across NSW and Australia more broadly.12

The above issues have been recognised as unreasonable for customers by Essential Energy, who have put forward a
Connection Investment Case as part of their 2024-2029 Regulatory Proposal.13 Their proposal seeks to adjust their
Connections Policy to allow them to make efficient network capacity expansions and augmentations in line with
expected new connections and load profiles. This change could result in the avoidance of costly ad-hoc and duplicate
augmentations which are currently driven by new customer connection requests. In the current state, prohibitively
high costs are borne by the new customer whose connection would exceed the network or zone substation capacity,
rather than the costs of the expansion of the network being shared amongst all customers.

Another common complaint (from stakeholders consulted as part of this project) is the timeframes it can take for new
connections to be established. This issue is not unique to NSW and has been recognised by the Essential Services
Commission in Victoria who have established a governance committee with three Victorian DNSPs, the Property
Council of Australia, Urban Development Institute of Australia and the Victorian Planning Authority. The committee
was set up to advocate for improved service delivery commitments and to be a platform for feedback and to identify
ways to improve new connections processes. This advocacy model could be replicated in Central NSW with key
parties including:
• CNSWJO
• Essential Energy
• Endeavour Energy
• Independent Pricing and Regulatory Tribunal NSW (IPART)
11. AER Connection charge guidelines for electricity customers, April 2023
12. Interview with Brett Peterkin, Peterkin Consulting – owner of a proposed cotton gin at Condoblin, Lachlin that did not proceed in part due
to high connection charges
13. Essential Energy - 10.04.02 Connections Investment Case - Nov22 - Public.pdf (aer.gov.au)

Connections processes and costs
impact growth in regional areas –
structural changes are needed to
improve outcomes for customers
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Regulatory sandboxing
A regulatory sandbox is a framework to enable market participants (including network service providers) to test
innovative concepts in a relaxed regulatory setting on a small-scale, on a time-limited basis and with appropriate
customer safeguards in place. Trials are usually limited to five years with the possibility for a one-off, one year
extension. Sandboxing trials are overseen by the relevant regulator, such as the AER.

Sandbox trials are an important pathway for electricity market participants to trial new energy and DER products.
There are a number of trials ongoing, including:

• Hornsdale wind farm frequency control ancillary services trial.
• Consort Bruny Island Battery Trial.
• A range of tariff trials, including for neighbourhood / community batteries (e.g. Essential Energy, Ausgrid,

CitiPower, etc).
• A range of VPP trials (e.g. AGL’s VPP).
• AEMO-ARENA joint Demand Response Trial.

Sandboxing trials allow for multiple stakeholders to form a partnership to test new products. In our consultation with
Origin Zero, the business retail arm of Origin Energy, they cited regulatory sandbox trials for community batteries
and new tariff structures as a key opportunities to partner with councils.

Large-scale Renewable Energy Target (LRET) and the Small-scale Renewable
Energy Scheme (SRES)
The renewables energy target consists of two schemes – the LRET and SRES. The LRET seeks to incentivise the
development of large-scale renewable energy power stations with certificates for the creation and sale of renewable
energy. This is done with large-scale generation certificates (LGCs). Accredited power stations, with a minimum
nameplate capacity of 100kW, can create and sell LGCs for the electricity generated by that power station.

SRES creates an incentive for businesses and households to install eligible small-scale (less than 100kW) renewable
energy systems. Examples include rooftop solar PV systems, small-scale wind systems, small-scale hydro systems,
solar water heaters and air source heat pumps. Each MWh of renewable energy generated or displaced by the system
is awarded a small-scale technology certificate (STC). STCs are calculated from the installation date until the end of
2030, when the scheme ends.
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Chapter overview
This chapter discusses the key stakeholders who can influence the deployment of renewable energy technologies
(including DER) in the CSWJO region. This chapter also outlines the relevant timelines and approvals processes
(including local council’s planning provisions) which could impact the deployment of renewable energy solutions in
the region. A more detailed review of the timelines and approvals processes relevant to the preferred option will be
discussed in the implementation section of the Business Case.
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Key influential stakeholders
There are five categories of stakeholders who can significantly influence the deployment of renewable energy
technologies in the Central NSW region:

1. Distribution and Transmission Network Service Providers

These stakeholders are responsible for managing and maintaining electricity network infrastructure in the region and
have a deep understanding of the region’s energy demand and infrastructure and how the electricity market in the
region may evolve in the future. These stakeholders are also a key interface with electricity regulatory bodies such as
the AER. In the Central NSW region these stakeholders are:

• Transgrid.

• Essential Energy.

• Endeavour Energy.

2. Electricity retailers

These stakeholders already closely engage with customers and have a deep understanding of energy market
dynamics, pricing structure, market regulations and supply and demand trends in the region. In the region, these
stakeholders include:

• Origin.

• Iberdrola.

3. CNSWJO Member and Associate Member Councils

The Member and Associate Member Councils directly serve the communities with the Central NSW region. They have
close ties with the community and understand the local context, energy needs, priorities and challenges facing
specific areas. These stakeholders are:

4. NSW Government Departments and agencies

There are a wide range of NSW Government Departments and agencies with influence and input into the successful
deployment of renewable energy solutions in the region, these include:

5. Local industry and community stakeholders

There are a wide range of local businesses and community groups which will be integral to the successful
implementation of different solutions in the region. These stakeholders will also be the key beneficiaries of the
preferred solution(s). Some examples of these stakeholders include:

• Large local businesses (Manildra Group, Newcrest Mining, ACEN Australia, Borg, Charles Sturt University, Regis
Resources, Northparkes Mine).

• Industry associations (Business NSW, Regional Development Australia Central West and NetWaste).

• Community bodies (CLEAN Cowra, BCCAN and ECCO Orange).

• Bathurst Regional Council.

• Blayney Shire Council.

• Cabonne Council.

• Cowra Shire Council.

• Forbes Shire Council.

• Lachlan Shire Council.

• Lithgow City Council.

• Oberon Council.

• Orange City Council.

• Parkes Shire Council.

• Weddin Shire Council.

• Central Tablelands Water.

• Office of Energy and Climate
Change.

• Department of  Regional NSW
and Regional Growth

Development Corporation.

• NSW Treasury.

• NSW Department of Planning
and Environment.

• NSW Health.

• TAFE.

There are a wide range of influential
stakeholders who can influence the

successful development of renewable
energy projects in the region
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Timelines and approvals processes
The NSW Government has introduced a tiered approvals process for renewable energy projects, to ensure the depth
and level of assessment is appropriate to the size and environmental impact of the proposed system. Renewable
energy proposals are considered under different parts of the Environmental Planning and Assessment Act 1979 (EP
and A Act).

Under the Environment Planning Policy (State and Regional Development) 2011, renewable energy projects with an
expected capital cost of more than $30m, or more than $10m in an environmentally sensitive area, are considered to
be State Significant Developments under Part 4 of the EP and A Act. The location of proposed large-scale renewable
energy projects must comply with relevant local environment plans (LEPs) and state environmental planning policies.
In general, large-scale renewable energy projects are permissible on any land zoned for rural, industrial or special
purpose uses. If permitted, and with land-owner approval, large-scale renewable energy projects can lodge
development approval (DA) for determination with the relevant authorities. With large-scale projects, significant
consultation with AEMO and the relevant electricity network service provider is required to guarantee grid connection
and market access.

In the table below, the average lead times necessary to take a large-scale renewable energy project to production
status are outlined. The lead time for development includes the time needed to undertake feasibility studies, secure
necessary development approvals and permits, secure land agreements, stakeholder consultations and to secure
financing.

Smaller-scale renewable energy projects have a range of assessment pathways in line with the State Environmental
Planning Policy (Infrastructure) 2007 (the Infrastructure SEPP), which are tailored to the size, location and level of
environmental impact of the project. Small-scale renewable energy projects have significantly quicker approvals
processes. Small-scale renewable energy systems must comply with the relevant LEPs and Development Control
Plans (DCPs). To enable exports to the electricity grid, small-scale renewable energy systems require approvals from
the local electricity network service provider. All NSW network service providers offer automatic connection
approvals for small systems, where the total system inverter capacity is below 5kW. Above this threshold, individual
assessments are sometimes required.

We discuss the specific approval processes and timelines relevant to the preferred option in the implementation
section of the Business Case.

Table 11: Large-scale renewable energy projects development timelines

Technology
Lead time for
development
(years)

Lead time
construction
preparation (years)

Construction period
(years)

Total lead time
(years)

Biomass (waste-to-
energy) 3 2 1 6

Large-scale solar PV <1 1 1 2

Solar thermal
projects 2 2 2 6

Battery storage
projects <1 1 <1 1-2

Wind projects <1 1 1 2

PHES 2 <1 4 6

Development timelines and approvals
processes increase in complexity and

scale with the size of renewable
energy projects

Source: AEMO 2022 ISP Forecasting Assumptions workbook
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Solar resource potential
• The solar resources in the region broadly improve from east to west, as is the case across the east coast of

Australia. Lithgow has a solar resource potential of about 1,400kWh/kWp. The central east LGAs of Oberon,
Bathurst, Blayney, Cabonne and Cowra have a potential of about 1,600kWh/kWp. Orange is an outlier in this area
with a potential of 1,700+kWh/kWp. The western LGAs of Parkes, Forbes, Weddin and Lachlan all also have a
potential of 1,700+kWh/kWp.

Wind resource potential
• Wind resource potential in the Central NSW region is complicated – the strength of the wind resources is heavily

impacted by topography of the land and mountains. Oberon, Blayney, part of Orange and the border between
Lithgow and Bathurst have the highest wind resource potential with average wind speeds measured at about
8+m/s. For reference, wind speeds of about 6.5m/s are generally considered the lower limit for commercial wind
farms. The western LGAs of Parkes, Forbes, Weddin and Lachlan have reasonable wind potential with average
wind speeds of about 6-7m/s.
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Figure 11: Map showing the available solar resource in Central NSW, with generally higher solar resource
further west

Figure 12: Map showing the available wind resource (represented by wind speed) in Central NSW, with
generally higher wind resource further west and high elevation areas

Source: Global Solar Atlas

Source: NSW Resources Regulator and Transgrid TAPR 2023

Wind speeds of 6.5m/s or
more generally considered
commercially viable



Water and pumped hydro resource potential
• Wyangala Dam is currently the only major hydroelectric or pumped hydro resource in the Central NSW region. It is

located on Cowra’s southern border. Other key potential pumped hydro sites identified to date include ATCO’s
Central West pumped hydro energy storage project, located in eastern Bathurst; the Lake Lyell proposed PHES,
located in Lithgow; and Lake Rowlands in Blayney, which has been identified by Central Tablelands Water as a
potential PHES site. The NSW Government commissioned a study in 2019 to assess pumped hydro resource
potential across the state. In Central NSW, the areas with the best potential identified were southern Cowra,
Blayney, Oberon and western Lithgow and eastern Bathurst.

Geothermal resource potential
• Geothermal potential in the region is minimal. According to a study commissioned by the NSW Government in

2019, the estimated temperature at 2km depth across the Central NSW region is considerably lower than the
generally accepted lower limit of 60°C for binary cycle geothermal technology. While there may be small-scale
opportunities, the region does not appear to have great potential for widespread geothermal technologies.
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Figure 13: Map showing the potential pumped hydro resource opportunities in Central NSW, with generally
higher potential further east

Figure 14: Map showing the potential geothermal resource opportunities in Central NSW, with generally
minimal to low potential across the region

Source: NSW Resources Regulator Poster

Source: NSW Resources Regulator Poster
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DER generation technologies: overview
There are a wide range of DER generation technologies including solar PV, wind, waste-to-energy, thermal generation
and others. Solar PV is currently the most mature and prevalent form of DER generation technology, reflected in the
number of companies and innovations focussed on solar PV compared with other types of distributed generation
technologies.

There are a range of innovative and exciting technologies which could be deployed in Central NSW to efficiently utilise
renewable energy resources. But solar PV, wind and waste-to-energy in the short-term, coupled with other innovative
technologies in the future are likely to dominate distributed generation capacity.

DER generation technologies: solar PV
Solar PV technologies convert sunlight into electricity. As a well-established method of electricity generation, PV
technologies have experienced rapid growth in grid-connected applications over the past three decades. Innovations
across all components of PV modules are unlocking new potential applications for solar PV, but as a relatively mature
technology much of the focus is on improving efficiency and costs and exploring new applications for solar
installations to harvest solar energy in places it would otherwise go to waste.

Rooftop solar PV is installed in more than 3 million, or approximately 30% of, Australian homes – the highest rate
globally. The growth in solar PV has had a profound effect on Australian’s electricity consumption, electricity prices
and the stability of the electricity system at large. Today, negative electricity prices in the middle of the day are a
common occurrence in Australia as solar generation peaks when demand is low. Equally, prices during evening peak
demand periods have risen significantly, as shown in the figure below.

The deep penetration of solar PV in Australia is impacting grid stability with huge variations between midday and
evening demand. Continued population growth and PV installations will further exaggerate the disparity between
midday and peak demand if not adequately managed. For solar PV to be effectively utilised in the future, it will need
to be optimally coordinated with storage technologies such as batteries to reduce peak evening demand and avoid
costly network infrastructure upgrades.

DER generation technologies
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Crystalline silicon (C-Si) technologies have dominated the photovoltaic industry since its invention in the 1950s and
currently holds about 80-90% market share of the photovoltaic semiconductor market. C-Si is the semiconductor
material that absorbs solar energy and generate electricity in the solar cell. Efficiency for C-Si PV ranges from 15-
20% for commercial modules and up to 25% in lab tests.

As shown in the figure below, C-Si modules currently represents the best commercially available technology in terms
of efficiency and cost today.

There are a number of innovative solar PV technologies currently in development seeking to improve efficiency and
cost above and beyond that of C-Si modules which dominate the market. While these developments are promising,
costs and technical feasibility of these technologies remain prohibitive.

DER generation technologies
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Figure 16: Current status of commercially available photovoltaic semiconductor technologies

Sources: Ruhle S, Tabulated values of the Shockley–Queisser limit for single junction solar cells (2016),
sciencedirect.com, Green MA (et. al.) Solar cell efficiency tables, wiley.com
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DER generation technologies: wind
Wind power uses aerodynamic forces to convert the kinetic energy of wind into electricity. Wind power is also a well
established and mature renewable energy generation technology but large-scale, horizontal axis wind turbines
(HAWTs) dominate the sector. Smaller-scale or distributed wind is becoming more common, particularly in urban
environments and areas with chaotic wind patterns.

Large-scale HAWTs are the most common wind turbine design with high efficiencies ranging between 30-40%. HAWTs
operate well in higher wind speeds but are expensive to build and do not perform well in turbulent winds. HAWTs are
best suited to larger-scale installations in areas with consistent wind.

Vertical axis wind turbines (VAWTs) are the most common smaller-scale turbine technology – they are better suited to
environments with chaotic wind patterns. VAWTs are based on a simple aerofoil design that is simple and generally
quieter than HAWTs. VAWTs can capture energy regardless of wind direction and can be placed in low altitudes
relative to their horizontal wind turbine counterparts.

VAWTs are therefore well suited to urban environments, which often have chaotic wind patterns, as they can be
installed in dense arrays and atop buildings and do not need to be orientated perpendicular to the wind direction. This
does however impact their efficiency which generally ranges from 10-30%. VAWTs are best suited to smaller
installations and there are a number of companies offering small-scale VAWT solutions to be deployed at commercial
buildings and houses.

Finally, there are a number of other innovative and early stage wind technologies. These include:

• Airborne kite and glider technologies which consist of a kite, tether and ground system. As the airborne kite flies it
turns a rotor which generates electricity. This technology has significant potential by harnessing better wind
speeds at higher altitude but faces a number of regulatory restrictions linked to potential interferences with
aircraft.

• Omni-directional wind turbines are small devices which operate well in environments with chaotic wind patterns
not suited to HAWTs or VAWTs. This technology is best suited to high-density urban environments and is in very
early stages of development – unlikely suitable for CNSW.

• Bladeless wind power technologies which consists of an oscillating hollow pole to generate electricity. The
technology is well suited to low velocity wind environments but is also very early stage and unlikely suitable for
deployment in CNSW currently.

DER generation technologies

Figure 17: IceWind VAWT product example

Source: ICEWIND, Extreme Energy Solutions (nd), icewind.is,
accessed 25 August 2023.
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DER generation technologies: waste-to-energy
Waste-to-energy is a mature technology based on generating electricity from organic materials such as agricultural
and forestry residues, energy crops, and waste materials. Energy can be produced through various processes,
including combustion, gasification, or anaerobic digestion, which convert biomass into heat, electricity, or biofuels.

Below we describe the four key waste-to-energy technologies:

• Incineration or mass burning of waste is the most prominent technology among the different waste to energy
technologies. Modern incinerators reduce the volume of the waste to 15% of the original depending on the
composition and degree of recovery. The process produces bottom ash, flue gases, particulates and heat. The
heat is used to produce electricity. The flue gases are treated before dispersing them into the atmosphere.

• Gasification is the thermal decomposition of waste in an oxygen deficient atmosphere (e.g. landfill methane) to
produce a gas composition containing combustible gases, liquids and tars, charcoal and inert fluidizing gases. It
produces synthetic gas (syngas), which in itself is a fuel. This syngas can then be used for the production of
electricity or utilised directly as a bio-fuel.

• Anaerobic digestion (or biodigestion) is the process by which microorganisms are used to break down
biodegradable materials in the absence of oxygen. It is used to reduce the emission of landfill gas into the
atmosphere. Almost all organic materials like waste papers, food wastes, sewage and animal wastes can be
biodegraded. The process produces a biogas, consisting of methane, carbon dioxide, and traces of other
'contaminant' gases. This biogas can be used directly as fuel, in combined heat and power gas engines or
upgraded to natural gas-quality biomethane.

• Finally, Pyrolysis is incineration of waste under anaerobic (with absence of oxygen) conditions to convert solid
waste into three products; bio-oil(liquid), bio-char(solid), and syngas(gaseous). These products can then be further
refined to biofuels, fuel additives and petrochemical replacements. The process usually happens at an operating
temperature above 430 ºC and the peak production yield of bio-oil is at about 500°C.

Waste-to-energy technologies have a number of advantages, notably in utilising otherwise wasted products to
produce renewable electricity. Furthermore, waste-to-energy technologies can have direct use-cases for commercial
and industrial processes which require heat as in input.

Sustainable and secure supply of feedstock is a key concern for waste-to-energy producers and needs to be
considered carefully. There are a number of operational risks associated with handling, storage, and transportation
of biomass materials. There are also a number of regulatory and compliance considerations for waste-to-energy
facilities. Waste-to-energy solutions are therefore best suited to medium to larger-scale developments to optimise the
regulatory, health and safety and construction costs associated.

DER generation technologies
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DER generation technologies: other generation
There are a broad range of other innovative generation technologies, as detailed below. These technologies are
generally early stage in nature or have low application potential in Central NSW. We broadly group these technologies
into the following sub-categories:

• Thermal generation technologies.

• Early-stage technologies, including hydrogen.

Thermal generation technologies

Heat is a major natural resource often overlooked. Thermal generation technologies are more early stage than many
other DER generation technologies with specific use-cases but have the potential to play a role in Central NSW’s
energy system to produce heat and electricity in the future. Thermal generation technologies are broadly grouped
into three types:

• Solar thermal.

• Geothermal.

• Heat-to-cooling.

Solar thermal technologies harness the heat energy from the sun. There are a range of different solar thermal
technologies which convert heat to electricity in a variety of ways. At one end of the spectrum is concentrated solar
power (CSP) which concentrates heat energy from the sun using lenses or mirrors to generate heat and drive a heat
engine / turbine. On the other hand, there are some very early-stage technologies such as thermoelectric
technologies which seek to directly convert heat flux across material surfaces into electricity.

Currently there are some commercial, utility-scale CSP plants but few are at <50MW scale. There are a number of
smaller-scale pilot CSP plants globally in the early stages of development and commercial trials. This includes two in
the Central NSW region – West Jemalong CSP (1.1MW) and Lake Cargelligo CSP (3MW).

Geothermal technologies harness subsurface heat to generate energy. The viability of geothermal technologies is
entirely dependent on the local geology of an area. There are a number of large, commercial-scale geothermal plants
globally but their success and scale is location dependent. Central NSW has minimal to low-grade geothermal
resources as described earlier in this report. This low-grade geothermal resource could be utilised with an innovative
geothermal technology called binary cycle geothermal which have commercially produced electricity from a record
low fluid temperature of 57°C.

Heat-to-cooling technologies, for example absorption chillers, convert heat fluxes into cooling for use in space and
water cooling applications. Absorption chillers are an established technology that work much like a traditional
mechanical chiller, but the compressor is driven by pressure created from heat. The result is that absorption chillers
are able to convert heat streams into cooling without external electricity requirements. A key point to note is that the
cooling demand needs to occur at the same time as heat is available. This can be achieved through geothermal
(constant heat available) or through solar thermal and storage (needed to make heat available for cooling at night
time).

DER generation technologies
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Early-stage technologies

Hydrogen generation technologies convert renewable energy resources into hydrogen, which has the potential to be
more easily stored and transported than electricity. Hydrogen remains an early-stage technology with a number of
economic and technical constraints, such as high water and electricity consumption and long-term storage issues.

Most ‘green hydrogen’ today (hydrogen produced from renewable energy sources)* is produced using a process
called proton exchange membrane (PEM) electrolysis, where water is pressed through a positively charged anode and
subsequently separated into oxygen, hydrogen and electrons. There are however a number of innovative hydrogen
technologies in development, including anion exchange membrane (AEM) electrolysis – this process avoids the use of
the costly precious metals required as catalysts in PEM electrolysis. The process is also effective at smaller-scale,
making it suitable for decentralised applications.

There are a number of other innovative, very early stage technologies which seek to produce energy from otherwise
overlooked sources. These technologies are unlikely to have any significant applications in Central NSW in the near-
future. Some of these technologies include:

• Piezoelectric (harvesting kinetic energy).

• Algae bioreactors.

• Air Gen (Electricity from water vapour).

• Harvesting body heat.

DER generation technologies

* The term ‘green hydrogen’ refers to hydrogen produced from renewable energy sources. ‘Grey hydrogen’ refers to hydrogen produced
from natural gas. ‘Blue hydrogen’ refers to hydrogen produced from natural gas or coal, with emissions captured and stored.
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DER storage technologies: overview
The following section describes distributed storage technologies that could be considered in Central NSW. There are a
wide range of distributed storage technologies including battery, gravity storage, compressed air storage and others.
Battery technologies represent the best opportunity for distributed storage in Central NSW today. These technologies
have the potential to significantly improve energy security and affordability in the region.

DER storage technologies: battery technologies
Batteries are devices which store chemical energy and can be discharged to create electrical energy. Batteries are
considered a relatively mature technology with companies and research organisation focussing on improving cost,
efficiency and safety features. Batteries enable energy market participants to store electricity when demand is low,
for example in the middle of the day, for use or export into the grid when demand is high – at peak evening times.
Batteries can help to lower peak demand for individual customers and communities. Furthermore, battery
technologies can provide value to the electricity system by offering ancillary market services, such as frequency
control ancillary services (FCAS). Whilst battery storage technologies are becoming an increasingly important
component of the electricity system, technology limitations mean longer-term storage (for example more than 8
hours) are considered unfeasible currently.

Broadly speaking, there are three key components to a battery: an anode (-), a cathode (+) and electrolyte. The
cathode and anode pair are connected to a power source which, when supplied with electricity cause a build-up of
electrons at the anode. This results in an electrical difference between the anode and cathode which can be utilised
later to create electricity. The electrolyte is the medium which provides the ion transport mechanism between the
cathode and anode of the cell.

The table below outlines the three key types of battery technologies. Liquid electrolyte batteries dominate the market
and include everyday lithium-ion batteries. Flow batteries are increasingly being applied in commercial and utility
scale settings due to their suitability for providing longer-duration storage. Solid-state batteries are an emerging
technology. They have much higher energy density and are therefore expected to play a vital role for EVs going
forward.

DER storage technologies

Table 12: Types of battery technologies

Technology Liquid-electrolyte battery Flow battery Solid-electrolyte battery

Description

In liquid-electrolyte batteries,
an anode and cathode are
separated by a separator film.
As the battery charges, ions
leave the cathode and travel
through the liquid electrolyte
and pores in the separator to
the anode.

Flow batteries are a subset of
liquid electrolyte batteries.
However, in flow batteries, the
liquid electrolyte is stored in
separate tanks and pumped
into the cell. This
configuration allows the
battery to provide increased
storage when larger tanks are
used.

In a solid-electrolyte or solid-
state battery, a solid
electrolyte separates the
anode and cathode,
eliminating the need for a
separator. Solid electrolytes
are typically based on one of
three materials – polymer,
ceramic or sulfide.

Examples • Lithium-ion batteries
• Lead acid batteries

• Vanadium redox flow
batteries

• Zinc-Bromine flow batteries

• Inorganic/ ceramic
electrolyte solid-state
batteries

Applications
• Storage
• Electric devices
• Power tools

• Storage
• Wearable devices,

pacemakers, prototype
EV’s

Advantages • Cost
• Energy density

• Cost
• Long duration storage • Energy density

Disadvantages • Some fire safety concerns • Relatively low efficiency • High cost
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Lithium-ion batteries are the most widely used batteries in the market today, accounting for about 74 % of the global
battery market (based on shipments in 2021).13 Lithium-ion batteries have the advantage of being able to be
discharged deeper and have a longer lifespan than lead-acid batteries. They generally maintain performance up to
2,000-10,000 cycles and are the most common battery type for electric vehicles today.

The cost of lithium-ion batteries has fallen significantly over the last 20 years, while lifecycle costs are likely to
continue declining as further innovations are applied to the technology. Lithium-ion batteries have minimal
environmental concerns. For example, lithium iron phosphate batteries are a newer lithium-ion technology that
eliminates the use of cobalt and improves safety and stability. Although their energy density is lower than the more
common lithium-ion technologies such as nickel manganese cobalt and nickel cobalt aluminium, these batteries offer
longer lifetimes and lower costs.

Building on the success of lithium-ion batteries, significant innovation effort has been directed towards optimising
their various components, such as their electrodes, separators and packaging. For example, lithium titanate batteries
are a lithium-ion battery featuring a modified anode. Other innovations focus on increasing the energy and / or power
density, reducing charging times and reducing materials and manufacturing costs of the battery.

Flow batteries are a relatively new type of battery emerging in the market. Flow batteries get their name from the
liquid electrolyte which ‘flows’ through the system. Flow batteries have liquid electrolyte stored in external tanks
rather than in each battery cell. In other words, unlike the lithium-ion battery, the energy and power sources in flow
batteries are decoupled allowing for longer duration storage.

Like lithium-ion batteries, flow batteries have a range of different chemical components depending on the application.
The most common type is Vanadium: less frequently used is zinc-bromine, polysulphide-bromine, iron-chromium and
iron-iron. In terms of advantages, they are able to be 100% discharged meaning they can be fully discharged with no
negative impacts to their lifespan or performance. They are well suited to large applications as their energy capacity
is directly proportional to the size of external tanks. Furthermore, flow batteries perform well in hot weather
conditions up to 50 °C. They are relatively inexpensive to maintain and operate, however they have large capital
requirements and require a larger footprint than most other battery types.

Solid state batteries utilise solid electrodes and electrolytes rather than the liquids or gels used in other types of
batteries, with the primary aim of removing the leakage and flammability issues occasionally experienced by current
lithium-ion batteries . They can theoretically have an energy density at least twice that of conventional lithium-ion
batteries , however the costs could potentially be higher as a result of the use of more specialised materials and
manufacturing techniques for solids. Both lithium and non-lithium solid state batteries are under development and
both inorganic and organic electrolytes are being investigated.

Hydrogen and other fuel cells

Whilst different from batteries, the applications for fuel cells are very similar. Unlike a battery however, during
operation a fuel cell continuously consumes reactants (and produces waste products) and fuel must be replenished.
There are several different types of fuel cell, which are characterised by different electrolytes and/or electrode
materials or have been designed for specific fuel feedstocks. Most fuel cells are designed to operate only as electricity
generators.

The primary target fuel for fuel cells is hydrogen. However, direct carbon fuel cells have been developed that can
utilise biomass / char as a fuel with a high theoretical efficiency . Additionally, solid oxide fuel cells have been
investigated with other feedstocks including hydrocarbons such as methane and methanol, which can also be
obtained via biomass. The major advantage of fuel cells is the high energy density they can achieve, particularly in
cases where weight is a limiting factor. Fuel cells are also able to be rapidly replenished, therefore there is no
extensive recharging time when compared to batteries. However, fuel cells are presently only half as efficient as
batteries.

DER storage technologies

13 Alt Energy Mag (2022), Lithium-ion battery market to reach around USD 182.8 Billion by 2030, altenergymag.com, accessed 25
August 2023.
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DER storage technologies: other storage
In this report, we also consider thermal energy storage technologies as distributed storage. Thermal storage
technologies can be broadly split into:

• Ice storage for use in cooling technologies.

• Heat storage for use in industrial heat processes or electricity storage and production.

Ice cooling systems work by freezing water into ice during off-peak electricity demand times (e.g. night time) or when
electricity generation is plentiful (e.g. midday hours), and then uses the stored ice to provide cooling for a sustained
period. In a region with very high cooling load, this can smooth the load profile and mitigate the need for more
infrastructure to serve very high peak demand periods (typically early evening). This technology is currently utilised
at the Burj Khalifa in Dubai as the primary cooling mechanism for the building’s heating, ventilation and air
conditioning (HVAC) system.

Heat storage technologies utilise a variety of media to store heat, ready for use at a later time. Thermal energy
storage technologies store heat in a range of material such as rocks, metals, concrete, bricks, sand or molten metals.
Thermal energy storage technologies hold significant potential in the future for heat as a utility to become
disaggregated from gas and electricity consumption. However to date, applications of these technologies are niche in
nature.

There are also a broad range of other innovative distributed energy storage technologies – the table below describes
some key technologies.

DER storage technologies

Table 13: Innovative storage technologies

Technology Description

Lifted weight gravity
storage technologies

Lifted weight storage technologies convert gravitational potential energy to electricity. These
technologies generally use a pulley system to manually lift materials. Electricity is generated
when the weight descends, turning a turbine. These technologies are significantly lower in
capacity compared to pumped hydroelectric systems but benefit from much lower land-use
impacts.

Compressed air storage
technologies

Compressed Air Energy Storage (CAES) systems store energy by compressing air in subsurface
geological caverns. Operating, principally in a similar fashion to pumped hydro, electricity is used
when demand is low to power pumps to compress air into the subsurface storage reservoirs. The
system generates electricity when air is released, turning a turbine. CSIRO research indicates
there is significant potential for CAES to compliment pumped hydro and battery technologies,
with CAES ideally suited for medium-term storage (4-12hrs).

Flywheel energy
storage (FES)

Flywheels work by accelerating a rotor (flywheel) to a very high speed and maintaining the
energy in the system as rotational energy. The flywheel is held in a vacuum chamber levitating in
between magnets. When energy is extracted from the system, the flywheel's rotational speed is
reduced as a consequence of the principle of conservation of energy; adding energy to the
system correspondingly results in an increase in the speed of the flywheel. Flywheels are best
suited to power quality applications because the inertia created by the spinning flywheel. The
New York electricity system operates a 20MW flywheel to provide frequency regulation services.
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Demand response technologies
Demand response technologies enable active management of electricity demand and consumption in response to an
external signal, such as a price signal or direction from a system operator. This is referred to as demand response
and is a form of demand side management. Globally, demand response is playing an increasingly important role in
electricity systems and markets.  This development is being driven by a need for more flexible and dispatchable
resources on both the supply and demand side to accommodate the increasing penetration of variable renewable
generation and changing customer preferences, as well as technological advancements that allow customers to more
easily participant as active demand side resources.

In some US states, demand response is used to meet over 10% of peak demand for electricity. New Zealand began
using demand response in 2007 and now meets over 16% of peak demand through demand response programs. In
2020, AEMO introduced a wholesale demand response mechanism. Historically, the most prevalent use of demand
response has been as a technique to temporarily reduce a customer’s demand for electricity at times of peak demand
that put network security at risk, or in response to high wholesale electricity prices. However, as more renewable
energy enters an energy system, there are likely to be periods of excess electricity generation (for example, from
solar PV in the middle of the day), hence demand response may also evolve to be a technique to seek customers to
increase their electricity usage to soak up excess generation.

While demand response can be successfully managed with manual adjustments to commercial operations or
household appliances, it is automated and smart-technologies which will enable the impacts of demand response
technologies to be fully realised. These refer to key electricity load processes or appliances such as:

To date, many demand response programs have targeted commercial and industrial customers rather than
residential customers on the basis that commercial customers are more sophisticated energy users, have larger loads
and bills and are able to generate value from demand response programs in the short-term. Residential customers
are expected to represent a key demand response segment in the future but significant improvement in digital
technologies are required to effectively aggregate and coordinate disparate residential loads.  Many retailers and
aggregators now have products or services available for their large customers.

Industrial loads provide a good source of demand response because:

• They are large loads and hence through a single customer can provide significant response.

• While customer-specific, they may be less affected by seasonal and time of day / week variations compared with
the residential and commercial sectors. This is because many industrial loads (especially large loads) operate
continuously on a 24/7 basis.

Commercial loads are increasingly being made ‘smart’ to enable them to be used as a flexible demand response
resource. To incentivise customers to participate, demand response products and services often consist of one or
both of:

• Availability payments which are paid to customers who sign-up to the product or service and are paid regardless of
whether the customer is actually called upon to reduce their demand.

• Per event payments which are paid to customers each time they are called upon to reduce their demand.

There is a growing trend for retailers and electricity market participants to tap into the potential of residential
demand response. This is driven by increased uptake of smart home appliances, more advanced metering
infrastructure and a greater focus on customer engagement and the development of tailored products to focus on
customer incentives and rewards.

Demand response technologies

• HVAC.
• Refrigeration (particularly for businesses).
• Hot water systems.

• Pumps (inc. pool pumps for residential).
• Electric vehicles.
• Lighting and other appliances.
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DER coordination technologies: overview
DER coordination technologies are management systems, or operational technologies designed to monitor,
aggregate, optimise and control a suite of distributed assets. These include:

• DER Management Systems (DERMS).

• Microgrids and standalone power systems.

• VPP /aggregator solutions.

• Home and building energy management systems.

Microgrids, standalone power systems and VPPs represent a suite of managed DER assets and as such we discuss
these technologies in this section of the report.

DER coordination technologies: DER Management Systems (DERMS)
DERMS are the operational technologies (OT), or hardware and software platforms designed to monitor, aggregate,
optimise, and control a suite of distributed assets. DERMS solutions differ depending on the perspective of the
organisation using it (e.g. DNSP, standalone energy system operator or VPP aggregator) and different perspectives
require different functions.

DERMS functions range from customer enrolment, portfolio management, DER operations / dispatch, flexibility
procurement, network planning analysis and electricity market integration. Most DERMS solutions have been
developed around a single use case, for instance to coordinate a VPP, and have evolved to add other use cases such
as network management or market management solutions, with varying degrees of sophistication.

DER coordination technologies: Microgrids or standalone power systems
At present there is no definition of a microgrid in the Australian National Electricity Law (NEL), NER or any state and
territory energy laws. Microgrid is a term often used to mean a range of different things, including:

• Pure standalone systems that operate independently from the interconnected electricity system, or NEM. The
AEMC defines standalone power systems as a system that generates and distributes electricity but is not physically
connected to the main electricity grid. Standalone power systems are generally considered to represent a smaller
system for a single household, or small community, compared to an isolated microgrid which is generally accepted
to represent a larger community or small town.

• Embedded microgrids which have a single point of connection with the grid or NEM but can be isolated to operate
independently as required.

Microgrids or standalone power system can make economic sense for isolated communities where the costs to
connect and adequately maintain network infrastructure connected to the national electricity grid are too high.
Microgrids or standalone power systems have the potential to increase electricity supply reliability, reduce costs and
lower emissions for these communities.14 Australia, given its vast and isolated geography has developed a number of
microgrids and standalone power systems. Some example include:

• Jabiru, NT – Jabiru is located about 250km southeast of Darwin in Kakadu National Park. The township developed
to house workers at the nearby Ranger uranium mine and later grew to become a tourist destination. For over 40
years the town was supplied electricity from the Ranger mine generators, but in 2021 the Ranger mine closed
down. The town is now transitioning to becoming a hybrid-renewable isolated microgrid power by solar, batteries
and back-up diesel generators.

• Kandos, NSW – Endeavour Energy has developed a standalone power system in Kandos, just north of the Central
NSW region. The 6km section of mains electricity network infrastructure in the region were approaching their end
of serviceable life in 2020. Endeavour Energy conducted a detailed CBA and determined that due to a number of
factors, developing a standalone power system, isolated from the NEM was the most cost-effective option.

DER coordination technologies

14. Australian Energy Regulator, Microgrids, energyinnovationtoolkit.gov.au, accessed 25 August 2023.
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DER coordination technologies: VPPs
As discussed in the previous section, VPPs are a decentralised collection of power-generating and / or stage units
connected and controlled by a central software platform that collectively behave like a single, large power plant.
Another common term for VPPs is DER aggregation – simply meaning aggregated control of various DER assets.

VPPs tend to be grid-connected systems but they do not need to be – as will be discussed in the following section on
home and building energy management systems. VPPs can deliver a range of market services including wholesale
supply and demand response, as well as a range of ancillary market services. VPPs, if effectively combined with local
network services and tariffs, could enable greater affordability for customers by enabling trading and storage of
electricity in a defined local area.

VPPs or aggregators ultimately represent a new player in the energy market system. Electricity retailers are looking
to utilise their market presence to expand in this space but there are a number of new innovative companies seeking
to position themselves as distinctly different from utilities or retailers. VPP products are still in the early stages of
development and different companies are trialling different products and incentives to best suit customers through a
range of services, including:

• Earning revenue by providing network support services.

• Earning revenue by providing peak demand management.

• Earning revenue through arbitrage opportunities in the wholesale electricity market.

DER coordination technologies
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DER coordination technologies: Home / building energy management systems
The built environment is a major contributor to the peak demand for energy. When coupled with distributed assets,
home energy management systems (HEMS) and Building Management Systems (BMS) can support a reduction in the
load that homes and buildings place on the grid at times of peak demand. Conversely, they can also alter the
behaviour of devices connected to the HEMS or BMS to raise demand when there is surplus / cheap grid electricity
available.

A HEMS is a combination of hardware and software components that work together to efficiently manage the
electricity usage of a home. A HEMS can manage a mix of suitable appliances like solar PV, air conditioners, battery
storage, hot water systems, pool filtration and EVs in a way that ensures customers optimise their use of electricity.

A major issue facing the development of HEMS is interoperability and interconnectivity. Currently there are a range
of manufacturers seeking to embed themselves as vertically integrated providers of HEMS and appliances. Market
dominance in this area is slowing development of interoperable smart appliances and HEMS. Most commercially
available HEMS today only support monitoring and control of compatible or vendor-specified appliances. The industry
is beginning to see better interoperability in smart thermostats, lighting and some security devices but the
interoperable market is lacking for more complex appliances such as DER and home batteries.

A BMS is effectively the same as a HEMS but on a larger-scale and more heavily customised to a particular building
and environment. They enable the monitoring and control of a building’s electrical and mechanical services, such as
HVAC systems, plumbing, lifts, security systems and lighting. These services are monitored and managed in real-
time, with data sourced from different Internet of Things (IoT)-enabled sensors placed throughout the building.
Remote access to the building’s services enables large-scale systems to be coordinated and optimised for energy
efficiency and occupants’ comfort.

DER coordination technologies

Figure 18: Schematic of a home energy management system
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Split incentive problem
Split incentive problems occur when those responsible for paying operational costs are not the same as the entity
responsible for making capital investment decisions. These problems are commonplace with rental and leased
properties across both residential and commercial sectors and represent a significant and systemic barrier to the
deployment of energy efficient measures and assets in buildings and homes. In these circumstances, property owners
are not incentivised to make upgrades to a building, DER or major appliances as they do not benefit from lower
energy bills resulting from these upgrades. Tenants leasing a household or building, who are not responsible for
making capital investment decisions, suffer from higher operational costs when a building’s infrastructure is
inefficient.

The split incentive problem is a topical issue within the DER industry. For example, an owner-occupier of a home may
decide to install a rooftop PV system to reduce their electricity demand from the grid during daylight hours. As the
owner of the home, this party is able to take a long-term view on the capital investment required to install a rooftop
PV system and will benefit from lower electricity bills and help to decarbonise their energy consumption. Tenants in
rental properties or leasehold buildings (such as apartments) are often unable to access these energy saving and
decarbonisation benefits as they are less well placed to take long-term views on such investments or do not have
ownership rights for common areas. There are however, a number of case studies and companies innovating to solve
this issue and provide incentives for both building owners and tenants.

One such initiative is the Haystacks Solar Garden – a local community cooperative investing in a small-scale solar farm
in the Grong Grong Riverina area in NSW to supply low cost solar energy to participants through an on-bill retail
credit product with their local electricity retailer. A solar garden effectively operates like a power purchase
agreement (PPA), commonly purchased by large businesses to decarbonise and de-risk their energy requirements. In
this example, the Haystacks Solar Garden is not located behind the meter, or located on the same property as the
community participants. The result is that those invested in the cooperative must still pay network and retail charges
for the electricity they consume. They do, however, replace the wholesale or generation component of their
electricity bill with the installation and maintenance costs of the Haystack Solar Garden. By comparison, an owner of
a free standing home is able to install a rooftop PV unit behind the meter and on their own property, thereby able to
avoid network and retail charges for any electricity produced by the solar PV unit.
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Figure 19: Schematic diagram of a how a solar garden works

Source: Inner West Council (nd), Solar gardens,
innerwest.nsw.gov.au



To combat the problem of the split incentive, there are a number of companies seeking to improve access to low cost,
DER energy at apartment buildings and housing complexes by installing DER technologies behind the meter within
embedded networks.
Allume Energy is one such company which recently partnered with the City of Sydney Council to install rooftop PV at
a social housing apartment complex. In 2021, Allume installed 90kW of rooftop PV to supply over 85 apartments with
low cost, renewable energy in Eveleigh. The system enables residents to purchase DER generated electricity without
having to pay for network and retail costs for electricity used during daylight hours.
While in the case study above, local residents were not required to recover the local council’s costs to install the DER
system, the system enables property agents or owners in apartment blocks to recover capital investment costs of
DER system by charging residents or tenants a fee. Allume’s product enables apartment owners and tenants alike to
benefit from DER technologies.
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Products like this which enable tenants and
property owners alike to benefit from DER
assets have particularly strong use cases for
commercial buildings. While an estimated 1 in
3 houses in Australia have rooftop PV
installed, this figure is understood to be
significantly lower for commercial buildings.
Commercial occupants’ electricity
consumption profile is generally restricted to
working, or daylight hours and therefore stand
to benefit most from local DER assets.

Figure 20: Schematic diagram of a Allume Energy’s product works

Source: The SolShare (nd), Allume Energy, allumeenergy.com.au
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a. Long list of solutions

Blayney LGA Summary Detail

Population 7,588

Major Centres Blayney, Cadia Mine, Mandurama

Rooftop PV penetration 29.3%

Total # distribution zone substations 2

# distribution zone substations with energy
security issues 1 (Mandurama)

Long list of solutions in Blayney

• Substation upgrades or storage solutions to
improve reliability around Blayney
(specifically near Millthorpe).

• Potential for larger-scale wind farms in
Blayney (e.g. Flyers Creek wind farm)  - vocal
minority community opposition.

• Pumped hydro at Lake Rowlands/Carcoar Dam (also
potential for micro-hydro – CTW).

• DER generation and storge for Nestle’s planned expansion.
• Demand response for large C&I customers (e.g. Cadia

mine).
• Medium-scale solar farm.

Bathurst LGA Summary Detail

Population 44,074

Major Centres Bathurst

Rooftop PV penetration 28.7%

Total # distribution zone substations 3

# distribution zone substations with energy
security issues 0

Long list of solutions in Bathurst

• Central West PHES (ATCO).
• Large-scale grid stability battery (e.g.

Panorama, Transgrid).
• DER generation, VPPs and community

batteries at large planned residential
developments (Laffing Waters, other
residential expansions, build-to-rent).

• Potential for large-scale wind / solar developments – vocal
minority community opposition.

• Waste-to-energy (inc. biogas).
• Gas to renewables.

The below tables outline a summary of each LGA’s key characteristics and long list solutions that have been
considered during the MCA process. Following this, we outline the MCA results that have been used to identify the
preferred solution for each option. It should be noted that the solutions were identified through discussions with
councils and represent potentially desirable renewable infrastructure. However, where a solution identified is specific
to an area or industry organisation, EY assumed that solution would also be desirable in other areas or to address
other identified problems. For example, Cowra identified a microgrid or standalone power system as a potential
solution for the Cowra airport (proposed). For the Cowra EV charging infrastructure considered under Option 3, this
solution was considered but under a general view of exploring the use of a microgrid or standalone power system for
the purpose of supplying EV charging infrastructure with the required energy supply.
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Cabonne LGA Summary Detail

Population 13,825

Major Centres Molong, Manildra, Cumnock, Canowindra

Rooftop PV penetration 36.4%

Total # distribution zone substations 4

# distribution zone substations with energy
security issues 3 (Canowindra, Cumnock, Molong)

Long list of solutions in Cabonne

• Energy security solutions (i.e. substation
upgrades/batteries at Cumnock and Molong
to relieve network constraints).

• Gas and coal-to-renewables for large
industrial customers (e.g. flour mill and
canola oil facility).

• VPP, microgrid and / or community batteries (e.g. at
Molong 700 lots residential development).

• Medium-scale solar farms.
• Demand response for large C&I customers.
• PHES opportunity at Dixons Long Point.
• Waste-to-energy.

Cowra LGA Summary Detail

Population 12,690

Major Centres

Rooftop PV penetration 35.7%

Total # distribution zone substations 1

# distribution zone substations with energy
security issues 0

Long list of solutions in Cowra

• DER generation and storage opportunities at
large industrial sites.

• Biogas or standalone power system
opportunities for local recycling facility.

• Pumped hydro opportunities.

• Waste-to-hydrogen.
• Microgrid or standalone power system at Cowra airport.
• Green hydrogen.

Appendix 4: Long list of solutions identified
for each LGA and how they were scored a. Long list of solutions
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a. Long list of solutions

Forbes LGA Summary Detail

Population 9,342

Major Centres Forbes, West Jemalong, Paytens Bridge

Rooftop PV penetration 29.3%

Total # distribution zone substations 3

# distribution zone substations with energy
security issues 1 (Paytens Bridge)

Long list of solutions in Forbes

• Substation upgrades and/or battery storage
installation (i.e. Paytens Bridge, W Jemalong)
to reduce peak-grid demand.

• Microgrid opportunities.
• Mobile standalone power system to improve

energy reliability in the wake of natural
disaster events.

• Increased rooftop PV uptake.
• Concentrated solar thermal opportunities – early-stage

pilot plants at West Jemalong.
• Small-medium scale solar farm).

Lachlan LGA Summary Detail

Population 6,131

Major Centres Condoblin, Lake Cargelligo

Rooftop PV penetration 40.7%

Total # distribution zone substations 2

# distribution zone substations with energy
security issues 2 (Condoblin, Lake Cargelligo)

Long list of solutions in Lachlan

• Energy security solutions to relive distribution
network pressure in Lake Cargelligo and
Condoblin

• Small-scale DER and storage
• Substation upgrades
• Utility-scale batteries.

• Microgrid opportunities at Condoblin (e.g. at
the new wastewater treatment plant and
Inland Rail facilities precinct).

• Gas-to-renewables for larger C&I customers (e.g. Sunrise,
Durotank, hospital).

• Demand response for C&I customers.
• Community batteries.
• Small-scale wind opportunities.
• Concentrated solar thermal opportunities.



71

Appendix 4: Long list of solutions identified
for each LGA and how they were scored

Opportunities Context Report – Appendix to Nexus between energy security and emissions reduction Business Case
A member firm of Ernst & Young Global Limited. Liability limited by a scheme approved under Professional Standards Legislation.

a. Long list of solutions

Oberon LGA Summary Detail

Population 5,569

Major Centres Oberon

Rooftop PV penetration 28.6%

Total # distribution zone substations 3

# distribution zone substations with energy
security issues 0

Long list of solutions in Oberon

• Large-scale wind farm opportunities –
community concern.

• Improving gas security (gas-to-renewables,
improved pipeline infrastructure).

• Waste-to-energy opportunities (e.g. Borg bio-
digester combined with solar panels).

• Community batteries.
• Demand response for large C&I customers.
• Demand response opportunities, particularly at ‘second

home’ residences.
• Hydro opportunities are limited.

Lithgow LGA Summary Detail

Population 20,810

Major Centres Lithgow

Rooftop PV penetration 25.8%

Total # distribution zone substations 4

# distribution zone substations with energy
security issues 0

Long list of solutions in Lithgow

• Improving gas security (gas-to-renewables,
improved pipeline infrastructure).

• Lake Lyell PHES.
• Large-scale batteries (e.g. Wallerawang).
• Advanced manufacturing and hydrogen

opportunities.
• Demand response, smart appliances and

HEMS.
• Waste-to-energy (e.g. proximity to Sydney).

• Large-scale renewables at future disused power plants and
mine sites.

• Wind opportunities.
• Solar farm (e.g. proposed between Wallerawang/ Portland

– Pine Crest).
• Grid-firming Wallerawang (Transgrid 330kV).
• Green hydrogen.
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a. Long list of solutions

Orange LGA Summary Detail

Population 43,906

Major Centres Orange

Rooftop PV penetration 28.4%

Total # distribution zone substations 4

# distribution zone substations with energy
security issues 1 (Orange Industrial)

Long list of solutions in Orange

• Energy security solutions (i.e. substation
upgrades at Orange Industrial).

• Community batteries (e.g. at affordable
housing precincts) connected to medium-size
solar farms.

• Medium-scale battery solutions at the water
and sewage treatment plant.

• Medium-scale solar farm (inc. at airport).

• VPPs at large residential precincts (i.e. proposed Shiralee /
Life Science Precinct).

• Demand response opportunities (inc. C&I).
• Increased solar PV penetration in Orange.
• Potential PHES opportunities.
• Precincts with associated microgrids.
• Waste-to-energy.

Parkes LGA Summary Detail

Population 14,342

Major Centres Parkes, Peak Hill, Trundle

Rooftop PV penetration 40.3%

Total # distribution zone substations 3

# distribution zone substations with energy
security issues 1 (Trundle)

Long list of solutions in Parkes

• Substation upgrades at Trundle.
• Grid reliability and stability batter

developments at Parkes bulk supply point.
• Demand response for C&I customers.
• Micro-hydro opportunities (early-stage).

• Batteries / storage to harness solar PV.
• Initiatives that will accommodate future growth at Parkes

SAP and North Parkes Mine expansion.
• Waste-to-energy and recycling.
• Network capacity expansion.
• Green hydrogen.
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a. Long list of solutions

Weddin LGA Summary Detail

Population 3,604

Major Centres Grenfell

Rooftop PV penetration 32.1%

Total # distribution zone substations 1

# distribution zone substations with energy
security issues 1 (Grenfell)

Long list of solutions in Weddin

• Energy security solutions (e.g. Grenfell
substation upgrades).

• Small-scale generation, storage and demand
response solutions at STP and local aquatic
centre (i.e. variable speed pumps).

• Pumped hydro opportunity at Caragabal.
• Mobile standalone power system for seasonal industrial

loads.
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b. Scoring framework

Criterion
Scoring guide

1 2 3 4 5

1. Extent to which the solution increases the reliability
of energy supply in Central NSW to meet customer
needs now.
[Benefit Statement #1]

Early-stage
intermittent
passive
generation (e.g.
solar thermal)

Intermittent
passive
generation

Storage
solutions,
demand
response

Substation
upgrades,
behind-the-
meter
generation and
storage

PHES, waste-
to-energy
solution

2. Scalability of the solution to meet the energy
supply needs in Central NSW tomorrow (future
growth).
[Benefit Statement #1]

Very small or
early stage
passive
generation (e.g.
micro-hydro)

Demand
response

Substation
upgrades, in
front of meter
solutions

Behind-the-
meter DER,
Microgrids,
SAPS

Capacity not
directly linked
to
infrastructure
(e.g. VPP)

3. Extent to which the solution will support lower
emissions in the Central NSW region.
[Benefit Statement #2] [Informed by risk  -
Environment]

Non-renewables

Low emissions
renewables
(e.g. waste-to-
energy)

Grid-connected
renewables

Behind-the-
meter, grid-
connected
renewables
with co-located
demand

Non grid-
connected
renewables
(e.g. SAPS)

4. Extent to which the solution will lower price
pressures and support energy affordability in the
Central NSW region.
[Benefit Statement #3] [Informed by risk  - Market]

Gas to
renewables,
Energy security -
substation
upgrades

Utility scale
wind and solar On-grid solution VPP, Microgrid,

SAPS

Behind-the-
meter DER,
SAPS

5. Extent to which the community and industry
understand and support the solution.
[Benefit Statement #4] [Informed by risk  - Social &
Public Perception]

Very low
community
sentiment

Low
community
sentiment

Neutral
community
sentiment

High
community
sentiment

Very high
community
sentiment

6. Simplicity to implement/construct the solution
[Informed by risk  - Service Delivery & Technical
Complexity]

Very complex
implementation /
construction with
period of several
years

Utility scale
wind and solar,
gas-to-
renewables

Some complexity
in terms of
implementation
(e.g. customer
connection /
acquisition)

Relatively
simple
implementation
- some
customer
connection, etc
(DER)

Not used

7. Maturity of the technology and ability for it to be
deployed immediately

Very early stage
technology Micro-hydro

Gas-to-
renewables,
VPP, microgrid

Batteries,
demand
response,
waste-to-
energy

Very mature
technology
with
competitive
market of
suppliers
(substation
upgrades,
PHES, solar)

8. Supportive regulatory and policy environment
surrounding implementation of the solution
[Informed by risk  - Political & Regulatory]

Solution is
currently
prohibited

Solution scored
high in terms of
political and
regulatory risk

Solution
permitted under
current
regulations
however
regulatory
processes apply

Substation
upgrade,
demand
response,
utility scale
solar and wind

Solution scored
low in terms of
political and
regulatory risk

9. Availability of the renewable energy resource or
feedstock required to successfully operate the
solution.

Resource /
feedstock
availability is
very low in the
location

Location and
solution
specific

Location and
solution specific

Location and
solution
specific

Resource /
feedstock is
abundantly
available in the
location

10. Suitability of the technology solution to the
specific location being considered
[Informed by risk  - Economic & Financial]

Solution does not
address problem,
location isn’t
conducive, or
costs expected
to be significant
in comparison to
the likely benefit

Location and
solution
specific

Location and
solution specific

Location and
solution
specific

Solution will
address the
problem in a
cost efficient
manner and
location
supports the
chosen solution

The table below provides a guide as to how technologies / solutions were scored on the 1 to 5 scale for each MCA
criteria to ensure consistency in the scoring approach. The actual scoring is provided in the following tables.
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c. MCA Scoring Approach

The following approach was leveraged to narrow the long list of solutions to a shortlist that addresses the objectives
of each option.

Blayney
 Substation upgrades or storage solutions to improve

reliability around Blayney
 Potential for utility-scale wind farms in Blayney (e.g.

Flyers Creek wind farm)
 Pumped hydro at Lake Rowlands/Carcoar Dam
 Potential for microhydro (CTW)
 DER generation and storge for Nestle’s planned

expansion
 Demand response for large C&I users (e.g. Cadia mine)
 Mid-scale solar farm

Problems seeking to be
addressed through this business
case were identified and options
characterised aligned to these
problems.

1. Define problems to be
addressed and option
characteristics

Output

The longlist was developed by
identifying all applicable
technologies for each location in
consultation with council
representatives.

2. Define longlist of solutions

All longlist solutions relevant to
each location were extracted for
the options 1, 2 and 3.

3. Extract relevant longlist
items for MCA assessment

Scores then rate the extent to
which each technology
addresses the criteria at the
specified location for each
option.

4. Score longlist technologies
against the MCA

Following scoring and weighting
the shortlisted technologies that
will progress for CBA are
selected on the basis of highest
scores.

5. Identify shortlisted options
for MCA



76

Appendix 4: Long list of solutions identified for
each LGA and how they were scored

Opportunities Context Report – Appendix to Nexus between energy security and emissions reduction Business Case
A member firm of Ernst & Young Global Limited. Liability limited by a scheme approved under Professional Standards Legislation.

d. MCA results

Option 1 MCA Scoring

MCA Criteria

U
nw
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gh

te
d 
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e
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gh
te

d 
Sc

or
eILM Criteria Solution Feasibility Criteria

Solution
Suitabili

ty

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Weighting 18% 14% 11% 15% 7% 7% 6% 8% 6% 7%

Location Technology

Mandurama,
Blayney

Energy security -
substation upgrades 4 3 3 3 3 3 5 4 5 5 38 3.64

Storage solution
(community / substation) 4 3 3 3 3 4 4 3 5 3 35 3.44

Utility-scale wind 2 3 3 3 2 2 5 4 3 1 28 2.73

PHES 3 3 3 3 3 1 5 3 2 3 29 2.92

Micro-hydro 2 1 3 3 3 3 2 3 2 1 23 2.28

DER generation & storage
(BTM) 4 4 5 5 3 4 5 5 3 4 42 4.26

Demand response for C&I
customers 3 2 4 4 3 4 4 4 3 4 35 3.40

Medium-scale solar 2 3 3 3 2 3 5 4 3 1 29 2.80

Canowindra,
Cabonne

Energy security -
substation upgrades 4 3 3 3 3 3 5 4 5 3 36 3.50

DER generation & storage
(behind-the-meter) 4 4 5 5 3 4 5 5 3 4 42 4.26

Gas to renewables for C&I
customers 3 3 4 3 3 2 3 2 3 3 29 2.96

Coal to renewables for C&I
customers 3 3 4 3 3 2 3 2 3 3 29 2.96

VPP 4 5 4 4 3 4 3 3 4 2 37 3.78

Microgrid 4 4 4 4 3 3 3 3 4 4 36 3.71

Community battery 3 3 3 3 3 4 4 3 4 4 34 3.27

Medium-scale solar 2 3 3 3 2 2 5 4 4 3 31 2.93

Demand response for C&I
customers 3 2 4 4 3 4 4 4 4 3 35 3.39

Dixon's long point PHES 3 3 3 3 2 1 5 4 2 3 29 2.92

Waste-to-energy (inc.
biogas) 4 3 3 3 2 2 4 3 3 3 30 3.09

Highest scoring technology solution

Legend
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d. MCA results

Option 1 MCA Scoring

MCA Criteria

U
nw

ei
gh

te
d 
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or

e

W
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te
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or
eILM Criteria Solution Feasibility Criteria

Solution
Suitabili

ty

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Weighting 13% 4% 6% 12% 9% 12% 12% 12% 10% 10%

Location Technology

Cumnock,
Cabonne

Energy security -
substation upgrades 4 3 3 3 3 3 5 4 5 3 36 3.50

DER generation & storage
(behind-the-meter) 4 4 5 5 3 4 5 5 3 4 42 4.26

Gas to renewables for C&I
customers 3 3 4 3 3 2 3 2 3 3 29 2.96

Coal to renewables for C&I
customers 3 3 4 3 3 2 3 2 3 3 29 2.96

VPP 4 5 4 4 3 4 3 3 4 2 37 3.78

Microgrid 4 4 4 4 3 3 3 3 4 4 36 3.71

Community battery 3 3 3 3 3 4 4 3 4 4 34 3.27

Medium-scale solar 2 3 3 3 2 2 5 4 4 3 31 2.93

Demand response for C&I
customers 3 3 4 4 3 4 4 4 4 3 36 3.53

Dixon's long point PHES 3 3 3 3 2 1 5 4 2 3 29 2.92

Waste-to-energy (inc.
biogas) 4 3 3 3 2 2 4 3 3 3 30 3.09

Molong
Cabonne

Energy security -
substation upgrades 4 3 3 3 3 3 5 4 5 3 36 3.50

DER generation & storage
(behind-the-meter) 4 4 5 5 3 4 5 5 3 4 42 4.26

Gas to renewables for C&I
customers 3 3 4 3 3 2 3 2 3 3 29 2.96

Coal to renewables for C&I
customers 3 3 4 3 3 2 3 2 3 3 29 2.96

VPP 4 5 4 4 3 4 3 3 4 2 37 3.78

Microgrid 4 4 4 4 3 3 3 3 4 4 36 3.71

Community battery 3 3 3 3 3 4 4 3 4 4 34 3.27

Medium-scale solar 2 3 3 3 2 2 5 4 4 3 31 2.93

Demand response for C&I
customers 3 3 4 4 3 4 4 4 4 3 36 3.53

Dixon's long point PHES 3 3 3 3 2 1 5 4 2 3 29 2.92

Waste-to-energy (inc.
biogas) 4 3 3 3 2 2 4 3 3 3 30 3.09

Highest scoring technology solution

Legend
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d. MCA results

Option 1 MCA Scoring

MCA Criteria

U
nw
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or
eILM Criteria Solution Feasibility Criteria

Solution
Suitabili

ty

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Weighting 13% 4% 6% 12% 9% 12% 12% 12% 10% 10%

Location Technology

Paytens
Bridge,
Forbes

Energy security - substation
upgrades 4 3 3 3 3 3 5 4 5 3 36 3.50

Energy security - batteries 4 3 3 3 3 4 4 3 5 5 37 3.58

Microgrid 4 4 4 4 3 3 3 3 4 4 36 3.71

Mobile SAPS for disaster
resilience 4 4 5 3 3 3 4 3 4 4 36 3.67

DER generation & storage
(behind-the-meter) 2 4 4 5 3 4 5 5 3 5 40 3.86

Concentrated solar thermal 1 1 3 3 2 2 1 2 3 3 21 2.01

Freestanding solar PV
(small or medium-scale) 2 3 3 3 2 2 5 5 4 3 32 3.01

Highest scoring technology solution

Legend
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d. MCA results

Option 1 MCA Scoring

MCA Criteria

U
nw

ei
gh

te
d 

Sc
or

e

W
ei

gh
te

d 
Sc

or
eILM Criteria Solution Feasibility Criteria

Solution
Suitabili

ty

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Weighting 13% 4% 6% 12% 9% 12% 12% 12% 10% 10%

Location Technology

Condoblin,
Lachlan

DER generation & storage 4 4 4 5 3 4 4 4 5 2 39 3.99

Energy security - substation
upgrades 4 3 3 3 3 3 5 5 5 5 39 3.72

Energy security - batteries
at substation + small-scale
solar

4 4 3 4 4 4 5 5 5 5 43 4.16

Microgrid (WTP and Inland
Rail facilities) 4 4 4 4 3 3 3 3 4 3 35 3.64

Gas-to-renewables for C&I
customers 3 3 4 3 3 2 3 3 3 3 30 3.04

Demand response for C&I
customers 3 3 4 4 3 4 4 4 3 3 35 3.47

Community battery 3 3 3 3 3 4 4 4 4 3 34 3.27

Small-scale wind 2 3 3 3 2 3 4 4 4 3 31 2.94

Concentrated solar thermal 1 1 3 3 2 2 1 2 3 3 21 2.01

Lake
Cargelligo,
Lachlan

DER generation & storage 4 4 4 5 3 4 4 4 5 2 39 3.99

Energy security - substation
upgrades 4 3 3 3 3 3 5 5 5 5 39 3.72

Energy security - batteries
at substation + small-scale
solar

4 4 3 4 4 4 5 5 5 5 43 4.16

Microgrid (WTP and Inland
Rail facilities) 4 4 4 4 3 3 3 3 4 3 35 3.64

Gas-to-renewables for C&I
customers 3 3 4 3 3 2 3 3 3 3 30 3.04

Demand response for C&I
customers 3 3 4 4 3 4 4 4 3 3 35 3.47

Community battery 3 3 3 3 3 4 4 4 4 3 34 3.27

Small-scale wind 2 3 3 3 2 3 4 4 4 3 31 2.94

Concentrated solar thermal 1 1 3 3 2 2 1 2 3 3 21 2.01

Highest scoring technology solution

Legend
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d. MCA results

Option 1 MCA Scoring

MCA Criteria
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or
eILM Criteria Solution Feasibility Criteria

Solution
Suitabili

ty

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Weighting 13% 4% 6% 12% 9% 12% 12% 12% 10% 10%

Location Technology

Orange
Industrial,
Orange

Energy security - substation
upgrades 4 3 3 3 3 3 5 4 4 3 35 3.44

Community battery &
medium-scale solar 4 3 3 3 3 3 4 4 4 3 34 3.38

Medium-scale battery for
STP 3 3 4 5 3 4 4 4 4 3 37 3.68

Medium-scale solar 2 3 3 3 2 2 5 5 5 3 33 3.07

VPPs for residential
precincts 4 5 4 4 3 4 3 4 4 1 36 3.79

Demand response for C&I
customers 3 2 4 4 3 4 4 4 4 3 35 3.39

Demand response for
residential customers 3 2 4 4 3 4 4 4 4 3 35 3.39

DER generation & storage
(behind-the-meter) 2 4 4 5 3 4 5 5 3 5 40 3.86

PHES 3 3 3 3 2 1 5 4 3 3 30 2.98

Microgrids for precincts 4 4 4 4 3 3 3 3 3 3 34 3.58

Waste-to-energy (inc.
biogas) 4 3 3 3 2 2 4 3 3 3 30 3.09

Highest scoring technology solution

Legend
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d. MCA results

Option 1 MCA Scoring

MCA Criteria

U
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or
eILM Criteria Solution Feasibility Criteria

Solution
Suitabili

ty

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Weighting 13% 4% 6% 12% 9% 12% 12% 12% 10% 10%

Location Technology

Trundle,
Parkes

Energy security - substation
upgrades 4 3 3 3 3 3 5 4 4 4 36 3.51

Energy security - batteries
at BSP 4 3 3 3 3 4 4 4 4 4 36 3.53

Demand response for C&I
customers 3 2 4 4 3 4 4 4 4 4 36 3.46

Micro-hydro 3 3 3 3 3 3 2 3 3 3 29 2.94

DER generation & storage
(behind-the-meter) 4 4 3 5 3 4 4 4 3 5 39 3.97

Waste-to-energy (inc.
biogas) 4 3 3 3 2 2 4 3 3 3 30 3.09

Network capacity expansion 4 3 3 3 3 1 5 4 4 3 33 3.30

Green hydrogen / ammonia 3 3 4 3 3 2 1 2 2 1 24 2.64

Grenfell,
Weddin

Energy security - batteries
at substation + small-scale
solar

4 4 3 4 4 4 5 5 5 5 43 4.16

Small-scale generation for
pool and STP 2 3 4 5 3 4 5 4 4 3 37 3.56

Small-scale storage for pool
and STP 3 3 4 5 3 4 4 4 4 3 37 3.68

Demand response for pool
and STP 3 2 4 4 3 4 4 4 4 3 35 3.39

PHES 3 3 3 3 2 1 5 3 2 3 28 2.84

Mobile SAPS for seasonal
industrial peaks 4 4 5 5 3 3 4 3 3 1 35 3.76

Highest scoring technology solution

Legend
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d. MCA results

Option 2 MCA Scoring

MCA Criteria
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e*ILM Criteria Solution Feasibility Criteria

Solution
Suitabili

ty

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Weighting 11% 17% 15% 13% 8% 9% 7% 7% 7% 7%

Location Technology

Laffing
Waters
residential
precinct,
Bathurst

Central West PHES 5 3 3 5 3 1 5 2 3 1 31 3.23

Utility-scale battery 4 3 1 3 4 4 5 5 5 2 36 3.31

DER generation & storage
(behind-the-meter) 2 4 4 5 3 4 5 5 3 5 40 3.96

Microgrids for precincts 4 4 4 4 4 3 5 4 4 4 40 3.97

VPP and community battery 4 5 3 4 5 3 3 4 5 4 40 4.01

Utility-scale wind 2 2 1 2 2 3 5 3 3 3 26 2.33

Utility-scale solar 2 2 1 2 2 3 5 3 5 3 28 2.46

Waste-to-energy (inc.
biogas) 5 3 3 4 3 2 4 3 3 2 32 3.26

Gas to renewables 1 1 1 1 4 2 3 2 3 1 19 1.67

Orange
Airport,
Orange

Energy security - substation
upgrades 5 2 1 1 3 2 5 3 5 1 28 2.52

Community battery &
medium-scale solar 4 3 3 4 4 3 4 4 3 4 36 3.52

Medium-scale battery for
STP 4 3 1 3 3 4 5 5 5 2 35 3.22

Medium-scale solar 2 2 1 2 2 3 5 3 5 3 28 2.46

VPPs for residential
precincts 4 5 2 2 2 3 3 4 5 2 32 3.21

Demand response for C&I
customers 2 2 3 3 2 2 5 4 3 2 28 2.68

Demand response for
residential customers 2 2 3 3 2 2 5 4 3 1 27 2.62

Increased rooftop PV 3 2 3 3 3 3 5 5 3 3 33 3.10

PHES 2 2 4 3 3 2 3 2 4 1 26 2.65

Microgrids for precincts
(inclusive of onsite small
scale solar and battery)

4 3 4 5 4 3 4 4 3 5 39 3.87

Waste-to-energy (inc.
biogas) 5 3 3 4 3 2 4 3 3 2 32 3.26

* The MCA scoring for Bathurst – Laffing Waters yielded three preferred technology solutions because the weighted
scores were within 0.05 of one another

Highest scoring technology solution

Legend
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d. MCA results

Option 3 MCA Scoring

MCA Criteria
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eILM Criteria Solution Feasibility Criteria

Solution
Suitabili

ty

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Weighting 10% 15% 19% 14% 11% 5% 7% 7% 5% 7%

Location Technology

Cowra EV
Transport
Hub

DER generation & storage 4 4 4 4 4 3 4 3 3 4 37 3.82

Waste-to-energy 5 3 3 4 3 2 4 3 3 2 n/a n/a

PHES 3 3 3 3 3 1 5 3 2 3 29 2.97

Microgrid 4 3 4 5 4 3 4 4 3 5 n/a n/a

SAPS 4 4 5 5 3 3 4 3 3 3 n/a n/a

Lithgow EV
Transport
Hub

Gas-to-renewables 3 3 4 3 3 2 3 3 3 1 28 3.00

Gas pipeline upgrades
(resilience) 3 3 3 3 3 1 5 3 3 1 28 2.89

Lake Lyell PHES 3 3 3 3 3 1 5 3 2 3 29 2.97

DER generation & storage
(behind-the-meter) 4 4 4 4 4 3 4 3 3 4 37 3.82

Demand response for
residential customers 2 2 3 3 2 2 4 4 2 2 26 2.61

Smart appliances for
residential customers 2 2 3 3 2 2 4 4 2 2 26 2.61

HEMS for residential
customers 2 2 3 3 2 2 4 4 2 2 26 2.61

Waste-to-energy (inc.
biogas) 4 3 3 3 2 2 4 3 3 3 30 3.01

Utility-scale renewables (at
old mine sites) 3 3 3 3 3 2 4 4 4 3 32 3.14

Wind 2 3 3 3 2 2 5 5 4 3 32 3.07

Utility-scale solar 2 3 3 3 2 2 5 5 4 3 32 3.07

Transmission upgrades 4 3 3 3 2 2 5 4 3 3 32 3.15

Green hydrogen 3 3 4 3 3 2 1 2 2 1 24 2.74

Highest scoring technology solution

Legend
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each LGA and how they were scored
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d. MCA results

Option 3 MCA Scoring

MCA Criteria

U
nw

ei
gh

te
d 

Sc
or

e

W
ei

gh
te

d 
Sc

or
eILM Criteria Solution Feasibility Criteria

Solution
Suitabili

ty

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Weighting 13% 4% 6% 12% 9% 12% 12% 12% 10% 10%

Location Technology

Parkes EV
Transport
Hub

Energy security - substation
upgrades 4 3 3 3 3 3 5 4 4 3 35 3.36

Energy security - batteries
at BSP 4 3 3 3 3 4 4 4 4 2 34 3.28

Demand response for C&I
customers 3 2 4 4 3 4 4 4 4 1 33 3.30

Micro-hydro 3 3 3 3 3 3 2 3 3 2 28 2.87

DER generation & storage
(behind-the-meter) 4 4 3 5 3 4 4 4 3 5 39 3.86

Waste-to-energy (inc.
biogas) 4 3 3 3 2 2 4 3 3 3 30 3.01

Network capacity expansion 4 3 3 3 3 1 5 4 4 4 34 3.32

Green hydrogen 3 3 4 3 3 2 1 2 2 1 24 2.74

High gas user
and waste
emission
emitter,
Oberon*

Utility-scale wind 2 3 3 3 2 2 5 4 3 1 28 2.81

Gas-to-renewables (inc.
green hydrogen) 3 3 4 3 3 2 3 3 3 3 30 3.13

Gas pipeline upgrades
(resilience) 4 3 1 1 3 3 5 5 4 1 30 2.65

Waste-to-energy (inc.
biogas) 4 5 5 4 1 2 4 3 3 5 36 3.84

Community battery 3 3 3 3 3 4 4 4 4 1 32 3.11

Demand response for C&I
customers 2 2 2 3 2 2 4 4 2 1 24 2.35

Demand response for
residential customers 2 2 2 3 2 2 4 4 2 1 24 2.35

PHES 3 3 3 3 2 1 5 2 3 1 26 2.71

Highest scoring technology solution

Legend

* Please note that while it was found a waste-to-energy solution was deemed most appropriate to support the reduction of
waste emissions and the gas to renewables transition in Oberon, it was not deemed appropriate to put forward an
infrastructure solution in this instance given it is for the purpose of one private sector company. Rather, what was deemed
appropriate was the consideration of a solution that would enable the private sector company to make the investment
through providing an enabling environment. However, for completeness, the analysis for the infrastructure solution is shown
here.
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