ENERGY TRANSITION – Discussion Paper
A ROADMAP FOR SOUTH AUSTRALIA’S ENERGY FUTURE
The Conservation Council of SA has developed this discussion paper to sketch a roadmap for SA’s
energy future. We have engaged with various union and industry representatives to develop the
themes in this paper.
These sectors represent three unique dimensions of an energy transition. The Conservation Council
advocates for a transition to a cleaner energy system, Unions advocate for jobs for South Australians
and a just transition and industry is keenly focussed on the profitability and costs of a transition.
Appendix 1, ‘Why a roadmap is needed’, highlights that South Australia’s greenhouse emissions are
disproportionately produced by our energy intensive industries. These sectors – manufacturing,
mining, agrifood, transport and utilities – are the bedrock of our economy. They are responsible for
over a quarter of the economic output and direct jobs, and they dominate our exports and ability to
achieve economic growth.
It is clear that an energy transition is underway. The rest of the country is watching South Australia,
as the jurisdiction with the highest penetration of renewable energy and attendant challenges. There
is also an upheaval and transition in our energy-intensive sectors as the global economy and
technology force changes on the South Australian economy.
The aim of a roadmap would be to guide policy, advocacy and interventions to capture the maximum
benefit for South Australians in this time of transition.
We propose that an energy transition needs to be built on four key principles:
1.

An energy transition is inevitable and South Australia needs to optimise the benefits of
transition for South Australians through economic, employment and environmental
outcomes.

2.

An energy system of the future can be both cleaner and cheaper than today’s system.

3.

The pace of the transition needs to be such that any economic ‘losers’ have time to adjust
or can be supported through transition.

4.

The direction of short term action to tackle immediate challenges must be consistent with
the long term vision and outcomes.

The discussion paper is structured as follows:
●
●
●
●

KEY DIRECTIONS provides the policy and market contexts that we are operating in.
IMMEDIATE OPPORTUNITIES FOR TACKLING ISSUES highlights our challenges and ideas that
have already been proposed for progress.
The transformation of SA’s electricity grid is this paper’s main focus. ELECTRICITY SYSTEM
BACKGROUND summarises the key issues for our economy.
We then look at the long term economics of the system:
o ELECTRICITY SYSTEM – Improving asset utilisation and the transition to the cheapest
forms of energy. Reliability, energy security and capacity for growth are fundamental
to a robust state economy.
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INDUSTRY ELECTRICITY COSTS – The balance between resources, investments and
costs to re-establish South Australia as a competitive business location.
o BUSINESS SHARE OF ELECTRICITY COSTS – The changing apportionment of electricity
costs between residential, small business and energy intensive activities.
o INVESTMENT AND BENEFITS IN TRANSITION – Putting numbers to the dollars that flow
as the system and economy changes.
o SOUTH AUSTRALIAN SHARE OF BENEFITS – Identifying opportunities for South
Australia to benefit beyond the supply of cheap, low-carbon energy in local jobs, skills,
capacity and innovation.
DISCUSSION – Establishing the framework to lead a discussion toward practical outputs and
responsibilities for next steps.
o

●

KEY DIRECTIONS
The policy and market contexts of importance are:

South Australian Energy Prices:1
Electricity: Australia used to have some of the lowest electricity prices in the world. An analysis of
2011 prices placed South Australia in 3rd place for the globally highest prices - behind Denmark and
Germany. Much of the price increase has been since 2009 although South Australia also had a price
shock in 2005 when contestability was introduced to the small business market. In 2009 electricity
demand started declining but network businesses continued to invest in the electricity networks and
were later accused of gold-plating. Consumers have paid for this overinvestment.

In the interaction with renewable energy there are two things to note.

1

Information from various sources. ‘Electricity Prices in Australia: An international Comparison’, Bruce
Mountain, CME. ‘SA fuel and technology report 2015 (&2014)’, AEMO. ‘State of the Energy Market 2015’, AER.

Prepared for the Conservation Council of South Australia by Heather Smith, changingweather.com.au

Wind: South Australia attracted more than its population share of wind energy – in part because of
the higher prices in this region. There are a number of studies showing that wind energy has depressed
wholesale energy prices, because it is always dispatched first and stops higher cost forms of energy
being used (In the market, the highest cost power station in operation determines the price for all
dispatched forms in each 5minute interval).
Solar: Much of the decline in demand (the cause of network over investment) has been caused by
individual solar investment. South Australia has one of the largest uptakes in the country, nearly
600MW (more than the capacity of the Pelican Point Power Station). There has been an unintended
impact on business because the residential sector has been contributing a lower proportion of
network charges (leaving more to be paid by business) as the consumption in the residential sector
has declined.
Electricity Futures: An immediate problem for business has been the recent cost of market contracts
caused by power station closures. Alinta has been buying future electricity to cover its own contracts
when it closes the power station and as a result, prices for 2016 have risen from $45 in July to
$85/MWh in November. This was the trigger for an emergency roundtable called by the state
Government in December. (Graph below courtesy of e4b)

Gas: The trend for gas use and pricing is also important. Gas prices have crept up since 2011. Gas
production and availability has expanded rapidly since 2005 with the exploitation of coal seam
methane as a source. In late 2014 Gladstone in Queensland started exporting LNG resulting in some
market spikes and predictions of consistent price rises as the Australian gas wholesale price becomes
fixed to global oil pricing. The wholesale market has therefore moved from $4/GJ in 2011 to sometime
spike at $10/GJ. In April 2015 Pelican Point power station mothballed half its capacity (240MW)
because it chose to onsell its gas contract rather than operate on the electricity market. Torrens Island
and Pelican Point may both withdraw further capacity in 2016 and 2017.
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Electricity generation traditionally dominated the gas market using 70PJ or 60% of the total SA market
(with industry using 40PJ). Industry has remained at approximately the same level while electricity
generation is likely to continue falling, using around 50PJ in 2014 and only 40PJ2 in 2015.
Oil: Transport fuel costs have also changed substantially, dropping by almost one third over the past
year. This has the most impact on the mining and agricultural sectors which are heavy users of diesel.
One reason given is that Saudi Arabia has decided to no longer constrain supply and control prices by
doing so. The low floating price of oil means that investment in future exploration and production has
all but dried up.
It appears that international climate change policy is becoming an important driver of energy prices.
The decision by Saudi Arabia may have been driven by the conclusion that some fossil fuels will remain
in the ground. For many countries this means that major coal reserves will never be used. For the oil
and gas producers the time for new production and investment may be running out with listed
reserves more than adequate to meet the global carbon budget for the next 45 years.

Renewable penetration and cost of energy technologies:
In South Australia for 2014/15:
● 41% of our electricity was generated from renewable sources
● 16 operating wind farms supplied 34% of our electricity
● 1 in 4 households have solar installations
● $6.6 billion has been invested in the renewable energy industry
The uptake of renewable energy in South Australia has been driven by the federal government’s
renewable energy target (RET). In 2014 investment in large scale renewable energy stalled due to
uncertainty in the outlook for the RET although a bipartisan agreement was reached for a lower target
in mid-2015. Rooftop solar power has continued to grow throughout the period and Australia is over
halfway to the new ‘20%’ target of 33,000GWh by 2020.
The price of wind and solar have both fallen over the past decade and solar prices continue to fall.
The latest SA wind farm investment secured for Hornsdale in SA was underpinned by the ACT
Government’s commitment to purchase 100% renewable electricity. The State government has
recently used an EOI process to call for 100% low carbon electricity. Given that state government
buildings use almost 5% of the state’s electricity, this process may give Pelican Point power station the
certainty to remain operational.
Much has been said about the cost of storage technologies and the entrance of battery storage to the
market in 2016. The price is still high but is expected to drop dramatically in a similar fashion to solar
power. The viability of energy storage rests on electricity price differences, known as energy arbitrage.
Ie storage systems will charge at off-peak prices and discharge at peak prices. The following US based
analysis (Lazard) for 2014 was used by the Diesendorf report into 100% renewable electricity for SA.

2

To be confirmed by the latest fuel and technology report: http://www.aemo.com.au/Electricity/Planning/South-Australian-AdvisoryFunctions/South-Australian-Fuel-and-Technology-Report
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South Australia’s industrial economy:
Appendix 1 highlights that manufacturing, mining and agriculture, one quarter of the South Australian
economic activity, provide the foundation of our economy through its impact on jobs and provision of
exports. It is no accident that this is the more energy intensive portion of the economy, it generates
the bulk of our carbon emissions and it is heavily impacted by global trends in manufacturing, the
value of the Australian dollar and links to the Chinese economy.
Energy intensive businesses typically experience energy costs as 5% - 15% of turnover and changes in
energy costs can have a significant impact on profitability.
The departure of Holden in 2017 is an example of the struggle to remain globally competitive and the
ripple effect on many businesses in the automotive value chain. In this context higher or volatile
energy prices are bad news but only one of the challenges industry is facing as it modernises. It is clear
that South Australia needs investment in job-rich projects to bolster our economy through this current
challenging period3 and such investment also needs to create a foundation for our economy over the
longer term.
South Australia will continue to have resources that are attractive to the mining and agricultural
sectors. It needs to decide if secure, reliable and cheap, low-carbon energy is one of the assets that
can be used to retain and attract energy intensive activities to the state. Our physical infrastructure,
our educated workforce and our resources are all assets that can be attractive to the businesses that
invest in this state. Cheap, clean energy offers the promise of supporting such industries to be viable
and low carbon businesses. In the wake of the Paris agreement on climate change it has been
predicted that the price and volume of emission intensive products will come under pressure
(particularly fossil fuels themselves) and the demand for low and zero emission products will increase.

Government policy:
The expansion of renewable energy in South Australia and changes to our economic makeup are
influenced by a range of government policies:
●

3

The federal government’s Renewable Energy Target. Due to the uncertainty of the last 18
months, commentators are now predicting the target will not be met. Investment in large
scale projects has been stalled but rooftop solar has continued to expand.

http://adelaidereview.com.au/opinion/business-finance-opinion/clock-ticking-on-auto-closure/
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●

Carbon pricing and federal carbon commitments. After the latest international Conference of
Parties in Paris it appears that whoever forms Government after the next election will need
to develop further emission reduction policies – beyond the current Direct Action Plan to meet
Australia’s commitments.
● Electricity market reforms and regulatory activities are ongoing. They include: a power of
choice review to better align pricing incentives for customers and electricity providers: SA
Power Networks latest pricing review sets the tone for 2015 – 2020: rule changes to
accommodate distributed energy: ongoing attempts to encourage demand side participation.
● The Energy Productivity Plan is an agreement by national governments to increase the
efficiency of energy use and heralds a refreshment of state and federal energy efficiency
programs.
● The Advanced Manufacturing Strategy and other economic development initiatives such as
Look North for the northern suburbs are State Government policies that attempt to grapple
with the changes in our economic conditions.
South Australian Climate Policy: In December 2015, the Premier announced ambitious climate related
targets:
● South Australia will achieve net zero emissions by 2050.
● Adelaide will be the world’s first carbon neutral city.
● South Australia will achieve $10 billion in low carbon investment by 2025.
● South Australia will generate 50 per cent of its electricity from renewable sources by 2025.
● South Australia will improve the energy efficiency of government buildings by 30 per cent of
2001 levels by 2020.
The SA Climate Strategy 2015 – 2050: Towards a Low Carbon Economy outlines the approaches that
the government will take. In many cases the detail is yet to be developed. The Low Carbon
Investment Plan for South Australia highlights many of the investments that will be made in
renewable energy.

IMMEDIATE OPPORTUNITIES FOR TACKLING ISSUES
South Australia, for better or worse, are the pioneers. Everyone is watching to see how South Australia
addresses the issues it is now facing as a result of its high penetration of renewables.
Since it’s inception as a free state South Australia has always pioneered a different way of doing things,
solving its unique challenges and making the most of what we have. This current transition to a
cleaner energy supply is no different. It presents problems which, if solved, can be turned into
exportable products, skills and expertise. Policy makers and investors across the country are watching
what we do.
We can only build an effective clean energy system if we solve the immediate challenges to electricity
stability and pricing.
In particular, the Deloitte Report4 documents the existing risks to the energy supply system. It points
out the impact of too much intermittent (read renewable) energy in the stability of system. This along

4

http://www.esaa.com.au/media/renewables_increasing_the_risk_to_south_australian_electricity_reliability_report_1_1
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with the closure of Pelican Point means there is not enough baseload power to prevent dangerous
drops in frequency in the transmission system. The report goes on to say that this is a short to medium
term issue and once the level of renewable penetration gets towards the 100% mark then the stability
risk reduces substantially.
The report provides six options to improve grid stability:
●

Arrangements to ensure minimum levels of synchronous generation remain online in SA. This
could take many forms, including reliability payments or a capacity market. Such
arrangements are used or being trialled in other markets in Europe and North America.
● Development of new ancillary service markets, such as localised provision of inertia and
frequency regulation
● Network augmentation options such as high inertia synchronous condensers
● Modifications to the controls of the Murraylink interconnector
● Changes to the NER to give AEMO greater dispatch powers for non-credible events (which
may in itself lead to inefficiencies as market signals are eroded)
● Limiting the output of non-synchronous generation
The report also recommends investigations into:
●
●

The net market benefits of further electricity interconnection upgrades between Victoria and SA
Estimating the saturation point of both rooftop solar, wind and large-scale solar in isolation and
in combination
● Understanding the implications of network constraints outside of South Australia that may be
affecting the ability to transport wind energy out of the state
● Investigating if there is a case for a new markets in inertia or other ancillary services not covered
by FCAS and in capacity. (noting that this would entail a fundamental change in market demand)
● Investigating the scope for efficient demand response that could allow a portion of demand to
follow supply rather than vice versa, noting this would be a long-term development.
In December 2015 a high level roundtable was called with the Minister for Energy to discuss electricity
pricing challenges, in particular the price shock for industries currently entering the market to renew
electricity contracts. As discussed, this situation has been caused by the impending withdrawal of
baseload capacity by Alinta, Pelican Point, Torrens Island (market dependant) – a situation that may
be mitigated to some extent by the state government’s renewal of its electricity contracts.
A number of options were canvassed at the roundtable:
●

Incentives or capacity payments mentioned above could be targeted at Pelican point baseload
power station for up to five years to stabilise prices and allow the transition to occur without
major incident, providing industry with certainty of supply.
● Allow contracting capacity of energy supplied through the interconnector.
● Requirements on retailers (eg to provide longer term energy supply contracts to industry) that
prevent price gouging.
The Mark Diesendorf report on 100% renewable electricity confronts the foreseeable challenges of a
transition with a range of suggested solutions:
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●

Fluctuating supply from renewables should be matched with fast response flexible supplies
like gas turbines and demand management – market incentives will be required to develop
the right mix in the right locations.
● Capacity payments for fast response and flexible supplies.
● Time of use charging and a different level of fixed charges, enabled by smarter meters.
● A new transmission/ interconnector spine via Broken Hill.
● Investment in pumped hydro (seawater) energy storage.
● Diesendorf recommends a reverse auction process like the ACT to contract appropriate
renewable capacity and feed-in payments to small and medium scale renewable energy to
increase investment in this sector.
Further ideas to consider would include:
●

The market operation and local considerations between residential and industry users needs
to be explored to enable the growing power station of residential solar (currently 600MW but
predicted by AEMO to reach 2000MW within a decade) to be sold to industry.
● A major roll out of smart meters, and a requirement for all solar users in the future to have
smart meters, with customers actively benefiting from improved load control and grid
integration.
● LGA(SA) to create its own energy retailer and encourage local authorities to build, own and
operate their own utility scale power supply systems which excess energy could be supplied
to industry in SA and other ways of developing competition at local supply level through
embedded networks – this is the space Zen Community Energy is moving into.
● The move by SAPN towards ‘demand tariffs’ for all will impact on industry costs in the short
term also. Immediate energy efficiency and demand management actions along with
increased awareness of changes, can help industry from exceeding their maximum energy
demand.
A 2014 report by AEMO looked at the integration of renewables in the South Australian market
and further work in 2015 tested network security and the response of renewable generators. The
latest report5 investigated frequency control in the system and highlighted that SA is increasingly
reliant on the Heywood interconnector for system security. AEMO is updating its internal
procedures and taking additional precautions to ensure that SA is managed well in times when it
is disconnected from Victoria.
The report also commits to an ongoing work program to consider the long term strategy and short
term responses. While the current focus is only on technical issues, the report recognised that
market and regulatory responses are likely to be needed. The challenges of integrating renewables
in SA are being used to provide learnings to the whole National Electricity Market.
It is not clear which of these possibilities (identified in the 2014 report) will be developed into the
work program:
●

5

Arrangements to ensure minimum levels of synchronous generation remain online in SA:
Synchronous generators provide inertia to the system and ensure that rapid fluctuations in

http://www.aemo.com.au/Electricity/Market-Operations/Power-system-security

Prepared for the Conservation Council of South Australia by Heather Smith, changingweather.com.au

●

●
●

●

●

load (eg the hot water spike at midnight) or supply (eg sunset when solar generation stops)
don’t make the system unstable.
Development of new ancillary service markets, such as localised provision of inertia and
frequency regulation: The latest report concludes that wind turbine do not provide an inertial
response and AEMO continues to study PV response to frequency events.
Network augmentation options such as high inertia synchronous condensers.
Modifications to the controls of the Murraylink high voltage direct current (HVDC)
Interconnector, enabling it to provide a rapid active power response in the event that SA is
separated from the NEM.
Changes to the National Electricity Rules (NER) to accommodate a protected events category,
allowing AEMO to use the NEM-wide central dispatch process to mitigate against specified
events presently considered to be non-credible.
Limiting the output of non-synchronous generation as a last resort to protect against credible
high-impact events.

ELECTRICITY SYSTEM BACKGROUND
The main focus of this paper is the immediate issue of an electricity transition, while bearing in mind
that pricing and technology changes in transport and direct heat are interlinked to this context.
Market pricing, the regulatory approach and future investment in energy delivery systems all form
part of the energy system South Australia is putting in place. This system needs to be cost effective.
While the transition to low carbon energy is inevitable, the pace of change will cause perverse
outcomes if institutional change doesn’t also keep pace, or if electricity market businesses are left
with stranded investments.
This section describes the electricity market from three perspectives. Each of these will change to
accommodate an energy system of the future and our challenge is to design the best transition path:
1.
2.
3.

The electricity market regulatory and organisational structure
The financial flows and charging arrangements
The technical design and operation to ensure supply reliability and security

Market Structure
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The Generators were traditionally the coal and gas fired power stations. These have all been owned
by major energy businesses that also operate as retailers and sell electricity. The newer wind
generators tend to be developed, owned and operated as specific projects, often underpinned by
power purchase agreements with the major energy businesses. With the rise of rooftop solar, many
customers have become generators although this challenges the original design of the electricity
system. The generators bid into the South Australian ‘pool’ on a 5 minute basis and are dispatched to
produce the level of energy that is demanded. To manage the risks and commitments, generators use
hedge contracts and a futures market to pre-sell much of the energy they will be required to produce.
Small scale generators such as rooftop PV operate outside of this market arrangement.
Retailers contract with customers and manage all the customer interactions including billing and
connections. They access the futures market and hedge contracts to pre-purchase their committed
amounts of energy and they pay the price the ‘pool’ reaches for every 5 minute interval against the
electricity that is calculated to have been consumed by their customers in that time period.
The Transmission company, Electranet, operates 5,600km of high voltage power network, ie the
‘transmission spine’ through South Australia and the interconnectors plus 89 substations. Electranet
is a regulated transmission business with much of its $2.5bn in assets paid for through regulated
charges.
SA Power Networks is the state’s distributor and operates around 90,000km of high to low voltage
distribution network, valued at approximately $4bn. It serves the bulk of South Australia’s 850,000
customers with only a few taking electricity at the high voltage level directly from Electranet. It also
connects the bulk of South Australia’s small generators - including almost 200,000 solar systems.

Customers: The 200 largest businesses use 20% of the state’s electricity. Residential electricity
consumption is the highest category at 36% of the total, and falling as homes install solar PV and start
to generate their own electricity. Amongst the mid-sized businesses, around 5,000 sites spend an
average of $100,000 per year on electricity.
Regulators: The system is structured as competitive retail and generation markets with monopoly
transmission and distribution businesses. The whole Eastern seaboard and SA are interconnected as
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the National Electricity market and operated by the Australian Market Operator (AEMO). These
markets are regulated by the Australian Energy Regulator (AER). The state based regulator (ESCOSA)
still manages some state specific regulations such as the retailer energy efficiency scheme. The
Australian Energy Market Commission (AEMC) makes changes to the electricity rules and consults as
necessary.
The Clean Energy Regulator manages the renewable energy and carbon markets. These markets create
incentives for certain activities through the use of credits and certificates. They do not interact directly
with the electricity market and they create no time-critical element relating to when renewable
electricity is produced.
An overview of electricity market function also appears on Wikipedia6.

Market Charges
South Australians spend approximately $2bn each year on electricity. Electricity charges fund the
operation, maintenance and augmentation of electricity assets worth over $10bn. (it should be noted
that the current value of these assets tends to be far smaller than the cost of replacement).
The assets and contributions by different customer groups are shown below:

In any year $500m or more can be spent on electricity assets. We need to deepen our understanding
of this investment and ensure it:
● is commensurate with our ability to pay for the investment
● supports an energy transition
● optimises the South Australian jobs and direct benefits.
As energy demand has declined, growth in our electricity assets is no longer paid for by growth in
demand. This has been an issue Australia-wide and the network companies have been accused of
‘gold-plating’ the network (between 2009 and 2014) to respond to demand projections that never
eventuated.

6

https://en.wikipedia.org/wiki/National_Electricity_Market
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The declining share of fossil fuel power has reduced the profitability of these assets and contributed
to the withdrawal. New investments in utility scale power – be it fossil fuel plant, hydro storage, solar
thermal or battery storage – will only proceed if the market is likely to be profitable.
Tariffs for customers are determined in two ways.
About half of the customer bill is for network charges and is regulated. Large customers do not use
the low voltage network and do not contribute to its costs. One of the major distortion, however, is
that networks are charged on a postage stamp basis, meaning the same charge applies anywhere in
the state even though a user in regional areas requires much more network to deliver electricity than
a user in a densely used part of the city.
For this reason investments that are ‘behind the meter’ such as rooftop solar can unlock greater value
for a customer than using the electricity market to access the same infrastructure. As customers
remove load from the network in this way, a lower demand determines the basis for sharing fixed
electricity costs and the average cost rises.
The other half of the customer bill is for wholesale electricity. Retailers determine charges based on
the customer load profile and smaller customers are treated like a single homogenous group. This is
the competitive part of the market and retailers compete on service delivery as much as price. Many
customers find electricity tariffs difficult to understand and the market lacks sophistication in terms
of encouraging action that electricity users could take to reduce the overall system costs, such as
demand management and energy efficiency.
The two key issues for energy pricing are:
1.
who is incentivised to invest and whether these are the best investments for SA
2.
How the costs are shared between all users of the system
There has been much media enthusiasm about the declining cost of battery storage and SA Power
Networks has indicated that as many as 30% of households could have battery storage by 2030. A
significant investment in battery storage offers benefits to South Australia and its electricity asset base
but only if it is priced and used in a way that improves the performance of the whole system and
reduces costs in other areas.
Investment in electricity assets for a low carbon future is part of a larger market for cleantech products
and services. This includes energy using products such as LED lighting, high efficiency motors, building
materials and smart devices to control and optimise energy use. Cleantech businesses (including
energy, water and waste businesses) in Australia generate $30bn in revenue and employ over 64,000
people. South Australia’s share is slightly larger than its GSP share. Much of this sector is exportfocused as the global market is predicted to continue growing, for example global clean energy
investment grew 16% to $310bn in 2014.
Zero Carbon Australia casts the clean tech boom as the first step in a longer economic transition where
the second stage involves the migration of energy intensive businesses to locations with cheap clean
energy and renewable energy exports also providing economic prosperity. The renewable energy
superpower report sees the second phase starting in 2035, however South Australia is already well
into its transition phase and our economy needs to get to a cheap clean energy phase sooner rather
than later if we are to avoid immediate decline.
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Source: Zero Carbon Australia: Renewable Energy Superpower

Technical Considerations
Running the electricity grid used to be easy. One of the large generators in the network would ensure
that voltage and frequency stayed within fixed parameters by producing more electricity when they
dropped low and backing off when they started to rise. A backup generator was usually assigned to
be ‘spinning reserve’ to operate with little or no load, ready to be ramped up at short notice should a
fault occur elsewhere. In this way the generation assets responded to the load demands continuously
and in real time.
The generators that provide these frequency control services are paid additional amounts to do so.
Some large loads such as the zinc production at Nyrstar are also paid to be turned off occasionally in
order to support the network control.
As the grid changes, there are some technical challenges that need to be solved and integrated into
the markets financial operation. The grid of the future may provide a thinner connection between
regions with local generation satisfying much of the local load.
The technical operation of the grid in future needs to ask:
●
●
●

How will voltage and frequency be controlled in each region?
Who should be paid to off frequency control services into the market?
How can a system recover from a blackout and create a black start? Ie which generators and
loads to bring online and in what order?
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●

How will the system respond to faults and guarantee reliability? Will this involve regional
disconnections and re-synchronisations?
A number of international reports have been produced that ask the same questions.
Denmark has been actively experimenting with interconnected micro-grids and demonstrating that
each region can be disconnected without causing a blackout. In addition, wind farms (and even smaller
wind installations) are incentivised to actively manage wind output at key times of the day to help
manage grid frequency during the sudden rise in demand that occurs between 8:30am and 9am each
workday morning.
Mark Diesendorf has modelled the benefits, reliability, costs and risks of 100% renewable energy for
South Australia and concluded that there are both environmental benefits (through reduced carbon
emissions and other pollution and health risks) and economic benefits (through potential
manufacturing jobs, reduced costs to consumers and direct exports of renewable energy). Reliability
of supply is technically feasible with up to two thirds of energy from intermittent sources like wind
and solar PV. The remainder would need to be from flexible and dispatchable sources such as solar
thermal with storage, biofuels or hydro with pumped storage. Interconnection to other states
supports energy security and reliability and demand management is encouraged through smarter
control.
The latest SA Energy report from AEMO highlights the current investment to upgrade the Heywood
Interconnector from 460MW to 650MW and states:
“The key conclusion to date is that the South Australian power system can operate securely and reliably with a
high percentage of wind and rooftop PV generation as long as the Heywood Interconnector is operational or
sufficient synchronous generation is on-line in South Australia. Work continues on investigating and
implementing short-term and long-term options to ensure that the implications of these requirements are
sufficiently understood and managed.”

Germany has a long term commitment to an energy transition and has been a leading solar market. A
recent report by Aachen University7 asserted that intermittent renewable energy could increase to
60% and total renewable energy to 90% before any significant investment in storage capacity would
be required.
Many of these reports highlight the importance of flexible energy supplies so that supply and
demand can be more easily matched. The need for energy efficiency, demand management and
smarter electricity systems become more apparent when the traditional foundations of grid supply
start to change.

LONG TERM VISION
Any changes have to be considered in the context of the longer term transition and the proposed
principles:

7

http://energytransition.de/2015/11/renewable-energy-and-storage-lessons-from-germany/
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1.

An energy transition is inevitable and South Australia needs to optimise the benefits of
transition for South Australians through economic, employment and environmental
outcomes.

2.

An energy system of the future can be both cleaner and cheaper than today’s system.

3.

The pace of the transition needs to be such that any economic ‘losers’ have time to adjust
or can be supported through transition.

4.

The direction of short term action to tackle immediate challenges must be consistent with
the long term vision and outcomes.

ASSET UTILISATION OF THE ELECTRICITY SYSTEM
In the long term, improving asset utilisation will support lower costs. Our electricity assets are
becoming more capital intensive with little or no running costs. Making the best use of these existing
assets and optimising new investments can lead to the cheapest energy supplies. In the long run, one
excellent opportunity for increasing electricity system utilisation is in the provision of heating and
transport loads traditionally serviced by gas and petrol.
Much of the grid network is built for a maximum demand that is up to five times higher than average
demand – leaving it underutilised 80% of the time.
Wind and solar have a utilisation factor that corresponds with the availability of the wind and solar
resource. The annual power output is somewhere between 15% (solar) and 35% (wind) of the
nameplate rating and this corresponds with maximum availability. For solar, in particular, this
availability has a part-match with household and commercial energy loads which also vary significantly
between peak needs and average needs.
The utilisation of fossil fuelled generation assets is shown below and it is clear that the largest plants,
Torrens Island, Pelican Point and Northern power stations have been used less and less in recent years.
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INVESTMENT PRIORITIES
Now that solar energy (and energy efficiency to a lesser extent) has reversed the growth in peak
demand there is little reason to keep investing in new grid assets. Some commentators predict a
thinning of the grid as it moves from a centralised model to connection of distributed micro-grids. This
would involve some assets not being replaced and a longer term reliance on local sources of supply
rather than centralised sources. Amory Lovins asserted over 20 years ago that neighbourhood scale
production was more economically efficient than a centralised infrastructure model – be it for
wastewater, telecommunications or energy.
Long term energy costs also suggest that wind and solar will be cheaper forms of generation than fossil
fuels in future years. The graph below from the Renewable Energy Costs report by IRENA
(International Renewable Energy Agency) shows costs falling across all technologies between 2014
and 2025. If renewable energy is produced locally it is not competing with the wholesale energy price
of $0.06/kWh ($0.09/kWh more recently) but rather the delivered price of $0.3/kWh. Solar has
already reached a price of around $0.14/kWh and wind around $0.9/kWh.
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Storage is not a generation technology per se. It relies on the price ‘arbitrage’ between peak energy
times and surplus cheap energy. To the extent that our energy transition is premised on intermittent
energy supplies, we need to also factor in the costs of promoting flexible energy use and storage.
Different forms of energy storage will be suitable for transferring energy through daily cycles or over
whole seasons from summer to winter.

COST AND VALUE SHARING
Greater asset utilisation cannot occur without new uses for our energy assets and resources at times
when they are underutilised or generating a surplus. This could be surplus wind energy at off peak
times or the growth potential on the network that is available every day except for a few short peak
hours per year.
The way we currently share the costs of our energy assets may need to change and we need to provide
incentives to encourage new forms of energy use, particularly flexible uses such as storage or demand
management.
If we achieve the right pricing structure, more use of the electricity system can reduce the costs for all
users.
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LONG TERM ECONOMIC BENEFITS
The energy transition promises greater employment for South Australians. Traditional electricity
assets are not typically job rich investments. Renewable energy technologies are better, although wind
and solar technologies are often manufactured overseas. This can change, though, and a number of
opportunities to re-orient our automotive manufacturing toward clean technologies are being
considered. The State Government recently called for Expressions of Interest for power supply and
highlighted that South Australian employment was a high priority in preferred bids.
An American study8 charted job losses and gains in a proposed energy transition to 2050 and
concluded net gains from Day 1.

In the longer term, it will be a competitive price of energy and the ambitious use of our renewable
resource that provides long term economic benefits.

DISCUSSION
The purpose of this discussion paper is to build understanding of the economic opportunities that
could be pursued from a South Australian energy transition. It also seeks to frame our short term
challenges as part of the longer term transition and our ability to solve them in this context unlocks
immediate benefits.
We propose that a roadmap for our energy transition is developed.
Q1.
Should a roadmap be developed? Or would a different process (eg workshops, roundtables)
better support the development of alternatives that South Australian governments, businesses and
community can genuinely choose.
Q2.
Who should be charged with leading the development of an energy transition and industrial
transformation process?
Q3.
Who are key participants in such a process and who would need to commit to implementing
potential changes?
Q4.
What is your vision for our energy system of the future?
Q5.
What economic benefits would you like to see?
8

http://synapse-energy.com/sites/default/files/Clean-Energy-Future-15-054.pdf
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Appendix 1 - WHY A ROADMAP IS NEEDED
Energy underpins the State’s economy.
There are now obvious indicators that the current state of affairs is changing. Weekly there are
announcements regarding job losses in the energy sector. The power station and coal mine were
originally developed for end of life in 2017 and the decisions about extending the life of both came
due this year. It was confirmed that both Leigh Creek coal mine and the Port Augusta power station
would close and anecdotally it appears that the electricity prices on the retail electricity market will
rise as a result.
The effect of these job losses to the State’s economy as well as to the families who are directly
impacted is obvious. If electricity retailers use the opportunity to raise prices then the impact flows
through to all energy intensive sectors in our economy, notably most manufacturing. A roadmap will
better prepare our communities and economy for the shocks of such changes which are not
unforeseen but also not completely certain.

South Australia’s relationship to energy.
South Australians have traditionally mined our own coal and gas, produced our own power and we
formerly refined our own transport fuel. Some of the State’s industries were built to exploit the
proximity to mineral and energy resources because Australian energy was some of the cheapest in the
world. This is no longer the case.

The pricing of our gas resources is increasingly exposed to global pricing, where once the domestic
market was immune to international oil prices. The electricity industry is being challenged by the
falling price of new technologies, peaking demand and accusations of goldplating the network. The
security of our transport relies on local storage and international refining and logistics.
In order to understand the impact of our energy use on our economy, it is worth focusing on the
sectors with the strongest relationship to energy and its associated greenhouse emissions.
Manufacturing, mining, transport and the energy sector itself (electricity, gas, water and waste) are
most exposed to the energy transition that is underway. The land sector (agriculture and forestry) will
have a different relationship to an energy transition with a heavy reliance on fuel and transport and
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significant access to renewable energy resources. (Emissions in the sector are high but tend to be nonenergy emissions)
The graph below highlights jobs, economic contribution and emissions by sector:

If we focus on the sectors with the most greenhouse emissions they contribute over one quarter of
the employment and economic output.
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Sectors such as manufacturing have a significant multiplier effect in the economy. Not only is it a
significant employer in its own right but every job in manufacturing creates around 2-3 additional jobs
in the general economy – it is a sector that leads the economy in a sense. The graph below highlights
that an energy transition impacts disproportionately on the selected sectors and as such will be crucial
to the South Australian economy:

Opportunities from future energy use.
Opportunities will arise and investment will shift as our energy supplies are transformed, the
equipment and machines we use will change and the products and services we produce may also be
forced to adjust.
The recent Renewable Energy Superpower report by BZE predicts that the global investment in
renewable energy and energy efficiency equipment will be US$28 trillion between now and 2035. An
additional US$2.3 trillion annual trade value of energy intensive industries will migrate to countries
with the best operating costs. If Australia grabs the opportunity to become a renewable energy
superpower, $370 billion of clean energy jobs could be generated in a decade.
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An American study9 charted job losses and gains in a proposed energy transition to 2050 and
concluded net gains from Day 1.

Both of these reports make assumptions about the future and how value is captured. A roadmap will
allow key stakeholders to develop a common understanding about the changes underway and ensure
policies and initiatives are in place to capture the value.
The State’s climate change policies have already led to an increase in renewable energy.
This, along with the falling cost of solar energy, has led to a proliferation of electricity supplied at a
small scale in many parts of the electricity grid and an opportunity to re-invent the way the grid
operates.
South Australia currently has the fourth highest level of installed wind energy in the world. It has the
5th highest solar irradiation levels and has over 500MW of installed solar (the SA peak is around
3,000MW). It also has stable geothermal rocks, wave and waste to energy potential. The intermittency
of these forms of energy has meant that the level of installed capacity and the need for grid
connectivity is key to energy reliability. Energy storage technology is improving at a rapid rate, offering
the ability to compensate for intermittent energy supplies and replace baseload. The impacts on
industry and business need to be fully understood, as do key activities that could reduce the overall
cost of energy such as demand management.
An energy transition and the urgent need to tackle climate change will create demand for different
products to use energy more efficiently or to use more sustainable energy sources.
Electric vehicles are being developed to ride the wave of success in storage and renewable electricity.
Some analysts are projecting that within 10 years all private vehicles will be electric and the BZE and
American reports both rely on electric transport as the mode of the future.

9
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Smart grid technology can facilitate more efficient energy use and demand management and Adelaide
and its small regional communities present a perfect opportunity to demonstrate how this can work
thereby creating tourism and export opportunities.
Our buildings, lights, airconditioning, refrigeration, pumps, compressors and other appliances can
extend the energy transition to recognise that economic competitiveness will be based on the
effectiveness of both our energy supply and demand.
With the natural resources available and the research capability in the State’s universities there is no
reason why the transition to a renewable energy superpower, as described by the BZE report, cannot
be created here in South Australia.
Energy is still the engine of our economy and energy pricing can make or break the
viability/competitiveness of some industries.
We have yet to see if the green-ness of energy supply can be a competitive advantage.South Australia
has abundant and quality renewable energy resources which presents a serious economic
opportunity.
21st century challenges require 21st century solutions.
Changes such as the ones we are experiencing are occurring across the globe. These changes are
mirrored in other developed regions such as the Americas and Europe, and so, as with any challenge
there is an opportunity for our energy sector to develop and morph into providing cost effective,
environmentally responsible industry competitors. This will not only enable us to capitalise on the
global trends but will also enable our existing businesses to cut operating costs making them more
competitive through the provision of cheaper energy.
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