
An Analysis of “100% Renewable Energy for South Australia”

Preamble ———————————————————————————————————

In response to the call for submissions to the South Australian Nuclear Fuel Cycle Royal 
Commission, the Conservation Council of South Australia announced a plan to exclude nuclear 
power and achieve an electricity supply from renewable energy instead. As the potential 
interactions of nuclear with other grid-connected capacity are considered in the Royal 
Commission terms of reference, such a perspective presents value. However, there are many 
details to be compared and contrasted in order to reach reliable judgements regarding the 
advantages of one approach over another, and the CCSA submission is unfortunately light on 
these details.

Section 1 of this analysis attempts to provide a point-by-point critique of the issues with the 
background paper which was submitted in support of the plan, with emphasis on what needs 
to be provided such that the asserted conclusion – the viability, preferability and affordability 
of an all-renewables system – can stand on its own. Certain claims and omissions are 
highlighted where reliable supporting analysis or references are vital.

Section 2 provides a qualitative representation of regional supply options, based on the actual 
demand for the week in which the plan was announced. While it draws conclusions within the 
limitations set by CCSA's plan, it should not be construed as a recommendation for a potential 
future energy mix in any fashion.

Section 1 ———————————————————————————————————

This  is  a  report  written  by  Associate  Professor  Mark  Diesendorf,  Deputy  Director,  of  the
Institute of Environmental Science at the University of NSW for the Conservation Council of SA
(CCSA). It was prompted by the invitation for submissions to the SA Royal Commission into
the Nuclear Fuel Cycle, and objection to any further involvement in such an industry forms a
major part.

The author does note that any errors are his responsibility. However, it will be referred to as
the CCSA report here-in for brevity.

This report does not contain any of the modelling discussed or does it detail any economic
costs  or  modelling  of  the  proposed  75-100%  renewable  energy  (RE)  by  2030  project.
Therefore it  is  hard to judge the credibility of  the report  and determine if  the viability is
feasible as the author states.

The report contains five appendices. Appendices one and two discuss RE and nuclear myths
the author states without any reference to material, only parts within the report; appendix
three discussed power frequency control of  high penetrations of RE and noted that  100%
Renewable energy is not “100% non-synchronous generation”; appendix four is a submission
to issues paper 3 (nuclear power) of the Nuclear Fuel Cycle Royal Commission; and appendix
five is a reproduction of the Lazard Levelised Cost of Energy (LCOE) costs, with notes.



Overview

The  report  refers  to  a  plan  for  75-100%  renewable  electricity  generation  (RE)  in  South
Australia with a mixture of wind, solar PV, concentrated solar thermal (CST), hydro, gas (bio or
fossil), and marine sources.

This report does not contain any figures to justify the mix of renewables or the economics of
the proposal. There is no capital or operating costs listed in the document.

Nevertheless,  the report  still  notes “with less conservative cost projections,  100% RE may
already be competitive with new fossil fuel mixes.”

To achieve the plan, CCSA notes the following policy and infrastructure requirements:

 A potential South Australian renewable energy certificate scheme with separate targets
for individual renewable energy generators (PV, Wind, CST etc.) similar to the federal
large-scale  renewable  energy  target  (LRET).  However  the  author  notes  that  this  is
unlikely due to a state scheme requiring additional federal legislation.

 The preferred option to stimulate renewable energy for this proposal is to introduce a
reverse  auction  scheme  as  exists  in  the  Australian  Capitol  Territory,  and  for  the
winning bidders provide feed in tariffs (FiT) or contract for differences (CfD). CfDs or
FiTs can be funded by an increase in electricity prices via. a levy, although no price was
defined. Another option is to introduce a $50/tonne carbon price in SA.

 Rooftop solar PV to receive a “fair” FiT that could vary in time according to demand and
supply of the network. For comparison the current FiT as calculated as fair by ESCOSA
is 5.3c/kWh.

 Development of a smart grid with the introduction of smart meters that allow both
demand  side  management  by  customers  and  supply side  management  by  retailers.
Household circuits can be curtailed by the retailer or grid manager.

 As RE grows there will be a need for investment in additional “flexible, fast-response,
peak-load power plants” for when there is  insufficient wind and solar resources.  A
capacity payment scheme is proposed to fund the electricity for these generators.

 A high voltage interconnector from Port Augusta to the 500 kV NSW grid via. Broken
Hill. No CAPEX or OPEX listed for this project (seeking advice on an estimate), however
to be funded by SA and Federal government infrastructure funds.

The following will outline the sections in the report and the conclusions.

Chapter 1: Introduction

The first chapter outlines the current renewable energy proportions in South Australia (39%)
and  other  jurisdictions  round  the  globe.  It  notes  that  the  German states  of  Mecklenburg-
Vorpommern and Schleswig-Holstein have achieved 100% net renewable generation. This is
achieved by taking the entire renewable generation over a period and subtracting it from total
generation in the respective jurisdiction.

For example, South Australia could produce 1000 gigawatt hours (GWh) of electricity from all
sources and the renewable generators produce 1000 GWh but a large proportion 500 GWh is



exported and 500 GWh used locally while the remaining state demand 500 GWh is produced
by gas in the State. Therefore, SA is net 100% renewable but within the borders it is only 50%
renewable and 50% gas.

Chapter 2: Renewable energy resources

This chapter outlines the sources that are suitable for the 75-100% renewable plan. Notes the
use of biofuels from agriculture and plantation forestry that “may be sufficient”. Also notes the
availability of geothermal and wave power. There are no supporting figures or rationale to
justify the claims.

It notes the use of seawater pumped hydro to hills near Port Augusta and Port Pirie, but cites
no proposal details. Excess wind or solar can be used to pump water uphill (500-800 m) to be
released through turbines later in time. This is to “enhance reliability” and “reliability is one of
the key issues in considering 75-100% RE in SA”.

Chapter 3: Reliability

This section discusses the reliability of a grid with conventional sources and variable RE. It
notes that  the grid managers can handle unexpected loss of generation from conventional
sources with a high degree of probability, to maintain reliability standards. Additionally, that
RE brings along another type of reliability uncertainty: the weather.

Section 3.1 outlines practical  experience with high penetrations  of  RE,  and uses  SA as an
example.

Citing of data from AEMO notes times when RE has provided high levels of electricity to the SA
market, although further scrutiny of the data cited shows very low demand (736 MW) for the
noted date of 26th December 2013, and for the other times when the demand was low.

Also noted is the need to install additional gas generation with increased penetrations of wind
into the SA grid.

Section 3.1.2 notes the hourly computer simulations that comprise the evidence that a 75-
100% RE grid  is  attainable.  No appendix  has  a reproduction of  the  modelling  inputs  and
outputs  to  verify  the  claims.  These  models  use  weather  data  to  determine  theoretical
generation output versus demand for the corresponding period. AEMO and BOM provide 5-
minute interval data, which would provide far greater resolution and certainty, but these have
not been utilised in cited models.

Reliability is noted to be achieved by the following points:
 “a mix of variable RE and flexible (fast response)  dispatchable RE sources such as

gas  turbines  (either bio-fuelled or  fossil  fuelled), CST with  thermal  storage and
hydro with dam as illustrated in figure 1;” (page 15)

 geographic dispersion of RE
 Demand modification by smart meters and switches.

Does CCSA intend to state that a gas turbine fuelled by natural gas is a renewable energy
source? Also there is no figure 1 listed in the report.



It also notes that CST with storage is not a suitable baseload RE source, rather it is suited to
peaking plant operation. This is in contrast to the Repower Port Augusta proposal which is
supported by CCSA that has in the past claimed that CST with storage is a suitable baseload
option.

Section 3.2 does acknowledge that coal and nuclear plants operate best economically within
the baseload requirements of a grid at a constant rate of production with minimal variation.
The modelling done by the report's author and others does note that inserting these plants in
a model with high penetrations of RE is unfavourable.

However, these models have a portion of the baseload over-engineered to ensure reliability
with a diverse mix of RE sources that are under utilised and the traditional plants that operate
economically in baseload are re-utilised as peaking plants - therefore the economics of these
plants worsens. They are not used in the economical role they are intended.

The last part of this chapter notes the following:

“Although Nuclear Power generally has a much higher capacity factor than wind and solar PV, it
has reliability challenges resulting from extreme weather (Jowit & Espinoza 2006) and severe
accidents…that  can  put  nuclear  power  stations  offline  for  months  or  years  or  forever.  This
cannot happen with a wind or solar farm”

The reference in the above quote is a Guardian news article from 2006 on a heat wave's effects
on river-cooled nuclear power plants that caused one Spanish reactor to temporarily go offline
and  reduced  production  from  some  in  Germany.  The  main  concern  was  expressed  by  a
Greenpeace ‘nuclear specialist’ quoted in the article, which raises questions of impartiality.

Wind farms can have an operational limit of 25 ms-1 where extreme weather events can shut
wind  farms  down  when  the  wind  exceeds  these  limits.  This  happened,  for  example,  in
December in 2011 in Scotland where extreme weather caused numerous wind farms to go
offline, and in one case at a farm near Daly and Ardrossan in Scotland a turbine did not shut
down  correctly  and  consequently  exceeded  its  rotational  capabilities  and  caught  on  fire.
Extreme weather events do effect RE plants.

Chapter 4: Economics

A continued theme of solar PV and wind capital costs have fallen “substantially” over the past
decade and these prices continue to fall is evident across the entire chapter. However, there is
no attempt to quantify this decline in CAPEX in the report, nor is a suitable reference supplied.

Furthermore, the author quotes that installation of new RE technologies is “rapid” and large
wind farms take 1 to 2 years to commission. CCSA does not refer to the current planning
process that can take many years to seek approval and procure investment. For example, the
Ceres  wind  project  in  South  Australia  (600  MW)  began  in  2012,  lodged  development
documents in 2013, approved in 2014, and is now seeking investment.

This section notes that household solar PV is useful if the daytime demand from the house is
high, however battery storage will be necessary. CCSA notes that prices are expected to decline



over the next 5 to 10 years but provide no sources to support this claim.

The report notes the recent reverse auction results  in Chile and other jurisdictions where
winning  bids  of  between  8.9  cents  per  kilowatt  hour  (c/kWh)  to  8.5  c/kWh  have  been
awarded to solar PV projects without any subsidy, but later in the paragraph notes that not all
these contracts will be fulfilled.

For wind the report notes that wind in the US can produce electricity for between 4.3-6.6
c/kWh (including subsidy) and in Australia for 8-10 c/kWh. However, there are no sources to
substantiate  the  claims  and  the  only  justification  for  further  declines  in  Australian  wind
production price is “investor confidence”.

Solar thermal (CST) prices were acknowledged to be high, 20-25 c/kWh, but CCSA notes that
low cost  financing arrangements  have  resulted  in  lower prices  in  the  US.  No sources  are
provided  to  reinforce  the  claim  that  “costs  continue  to  fall”,  other  than  noting  US  price
decrease is due to financing subsidies.

It also asserts that adding thermal storage to CST does not necessarily lead to increased LCOE.
In contrast, the most recent Alinta feasibility study into CST at Port Augusta noted that CST
plus storage does add to the LCOE of CST plants.

The economic competitiveness of 100% RE is feasible with the following parameters:

 Either a carbon price of $50 per tonne of CO2 or the current subsidies to the production
and used of all fossil fuels were transferred to RE.
(NB: This must assume that the reference to subsidies includes the diesel fuel rebate, 
which is not a subsidy as declared by the Productivity Commission.)

 Gas prices across the NEM equal the price in QLD.
 All new coal or gas plants are mandated to be built with carbon capture and storage.

The report discusses the effect whereby generators that have low production costs tend to
decrease the wholesale price at the point in time in which they provide electricity to the grid
and has flow on effects  to the viability of  new generation with requirements for a higher
wholesale price.

To negate the unviability for peaking plants the report proposes a capacity payment made to
generators of peaking plants to ensure their viability. The second issue the report notes is that
low wholesale prices result in uneconomical RE plants, thereby discouraging new investment.
The  solutions  the  report  notes  are  “radical  changes  to  the  NEM.”  What  are  these  radical
changes?  Exactly  how  radical?  This  dramatic  terminology  is  used  without  discussion  or
analysis.

CCSA discusses how low wholesale prices are not reflected in residential costs and notes some
causes but no further discussion is made on these points. The information on the composition
of  a  residential  price  is  available  from the Australian Energy Market  Commissions  annual
reports. Emotive language such as “gold plated” transmission assets and “increased profits”
for electricity retailers is used.

The proposed SA-NSW (via Broken Hill)  interconnector would be one of these assets  that



would be classed as “gold plated”, as it would need to be built prior to the building of the RE
generators to promote RE growth in the remote areas through which the line would transit, as
discussed earlier in the report on enabling further wind development and Geothermal in the
Frome Lake region.

Section 4.2 discusses nuclear power economics and relies on information from the Union of
Concerned Scientists and Mycle Schneider (a former worker for Greenpeace). CCSA claims that
it  is  hard to find a nuclear power plant that wasn’t granted “huge” subsidies. However,  no
attempt is made to quantify and compare these subsidies, most likely as the author notes that
there are numerous other “subsidies” that need to be included, such as fossil fuel subsidies in
the fuel cycle chain and liability requirements.

There is a misrepresentation of the liability costs of nuclear power with respect to the Price
Anderson Act in the US. It is worth referring to the World Nuclear Association’s information
page on nuclear insurance. Also, the  US Congressional Budget Office (independent auditors)
lists  the  subsidies  for  energy  sources,  and  renewables  receive  the  highest  in  the  US.
Nevertheless, CCSA and references they cite attempt to lump in other costs as subsidies to
inflate the real levels.

This section goes further into the costs of construction and delays at Flammanville, Olkiluoto,
and Vogtle as evidence of the uneconomical nature of nuclear power, but no quantification is
given for these delays. These are examples of large units with generator size far exceeding the
largest  currently connected to the NEM.  The report  moves to discuss  the Hinkley Point  C
nuclear project in the UK citing construction capital costs of $10 million per MW. The correct
representation of this figure is in $ per kW installed, which changes the figure to $10,000 per
kW. No comparison is given to highlight whether this is excessive or not, but it is implied.

For comparison sake the 50 MW CST proposal for Pt Augusta, supported by CCSA, is $10,491
per kW as determined by the Alinta pre-feasibility study compiled by Parsons Brinkerhoff.

It also notes that the subsidy, a CfD (which is proposed in this 100% RE plan), of 9.25 pence
per kilowatt hour (p/kWh, 18 c/kWh AUD) is “more than triple the current wholesale price in
Australia”. The average wholesale spot price in the NEM and SA for 2014-2015 is 3.9 c/kWh so
CCSA, by stating “more than triple”, did not do due diligence in researching this claim.

There is no mention of the CfD values for other clean energy sources in the UK. There were
recent approvals of CfDs for wind in the range of 8-9 p/kWh and offshore for between 10-12
p/kWh.

A CfD works by where a generator is guaranteed a price for electricity over a certain period. If
the wholesale prices are below the contracted CfD limit a statutory authority will  pay the
generator the difference and if the wholesale price is higher the generator pays the statutory
authority. The costs are recovered by a levy on consumers to be able to pay generators when
wholesale  is  less  than  the  CfD.  In  the  UK  this  is  managed  by  the  Low  Carbon  Contracts
Company (LCCC).

CCSA correctly notes that there are generation limits to installing large generators in the SA
network, noting that a large transmission upgrade would be needed (which is the same for
this 100% RE proposal) and that it would require large back up - without qualification of why

https://alintaenergy.com.au/Alinta/media/Documents/Alinta-20Energy-20-20Port-20Augusta-20Solar-20Thermal-20Generation-20Feasibility-20Study-20-20Milestone-203-20Summary-20Report.pdf
http://www.cbo.gov/publication/43994
http://www.world-nuclear.org/info/Safety-and-Security/Safety-of-Plants/Liability-for-Nuclear-Damage/


it needs back up.

Small Modular Reactors (SMRs - though CCSA report calls these “SMAs” - classed under 300
MW) are declared to not be commercially mature by CCSA. However, CCSA has not recognised
or understood that India has a fleet of Pressurised Heavy Water Reactors (PHWR) that are at
or below 300 MW per reactor. The Argentineans, Chinese, Russians and others are all pursuing
SMRs, with the Argentinians currently constructing a 25 MW reactor.

Based upon CCSA's assertions, nuclear can play a role in displacing coal in the eastern states
where the demand is higher, provided that high capital costs are not prohibitive.

There  are  six  reasons  that  the  author  notes  that  nuclear  costs  are  underestimated  in
“theoretical” estimates:

 Low discount rate
 Unrealistically high capacity factor 
 Assuming uncosted (sic) subsidies (including fossil fuel subsidies)
 Choosing a manufacturer's cost estimate
 Ignoring interest on loans during construction
 Ignoring the costs of infrastructure and back up capacity

Considering that the above six can apply to any other electricity generation source, and the
lack of levilised cost estimates for RE in this proposal, there can be no scrutiny whether CCSA
has also included these considerations for its favoured technologies.

The discussion on “unrealistically high capacity factors” includes lifetime capacity factors, and
more recently the Fukushima accident with all idled Japanese reactors in the capacity factor
calculation.  This  is  obviously misleading.  Nevertheless,  the  70% figure  is  still  higher  than
commonly accepted wind capacity factors in SA of 35%. Moreover, the value of the capability
of nuclear to almost always be available during daily and seasonal times of high demand, as
compared to AEMO data on SA wind of less than 10% capacity credit, is unaddressed.

Section 4.3 discusses a single report by Lazard, a financial advisory firm, and its LCOE figures
for all generation sources, but ignores the Australian ATEA report that is used in previous
modelling to highlight what actual LCOE figures are used in the 100% RE proposal. There are
some serious questions regarding the method used by Lazard to calculate the LCOE US figures,
and as no reports can be shown to verify the input assumptions hence no scrutiny can be
done.

Chapter 5: Benefits, risks and safety

This section details the benefits of the RE proposal without consideration of actual risks or
safety therein. Nevertheless, CCSA contrasts the benefits of the RE proposal with the risks and
safety issues of nuclear power.

While recent figures for jobs in RE are cited from the ABS, no effort is used to model or study
the jobs that would be created other than stating that they would be created. No preliminary
figure has been proposed. For reference, the Port Augusta CST project has 28 permanent jobs
for 50 MW listed in the pre-feasibility study, compared to 438 permanent jobs at the current
coal plant and mine at Port Augusta and Leigh Creek.

http://www.aemo.com.au/Electricity/Planning/South-Australian-Advisory-Functions/South-Australian-Wind-Study-Report


CCSA  states  that  a  nuclear  plant  would  be  comprised  of  local  jobs  for  groundworks  and
pouring the  foundation concrete  but  the rest  of  the  jobs  would be overseas.  No source  is
quoted for this claim.

The only RE projects that require scrutiny for environmental impacts are hydro and bioenergy.
However, the Ivanpah CST project in the US was built in a native desert tortoise habitat and
US$56 million weas spent to relocate the at-risk species to another location, not to mention
the miscalculations in the standby mirror alignment that burned many birds in mid-flight.

Furthermore,  any  project  in  South  Australia  would  require  an  environmental  impact
statement so the Development Assessment Commission could determine the environmental
impact of the project.  As such, all potential  impacts would be scrutinised,  contrary to this
report.

The risks for nuclear power option for Australia, and South Australia are listed:
 Nuclear war resulting from proliferation of nuclear weapons
 Rare but “devastating accidents”
 High potential for terrorism
 Managing high level nuclear wastes for 100,000years
 Integrated risks over 100,000 years from low-level radiation emitted from uncovered

“waste mountains” at uranium mines.

NB:  Other  than  the  tailings  dams  at  Olympic  Dam,  which  are  wet,  there  are  no
stockpiles in SA that are causing this implied level of harm to the environment. Erosion
was a concern at Radium Hill, but that is being managed. Furthermore, the Northern
Flinders Ranges have natural uranium outcroppings which are subject to erosion.

Chapter 6: Key challenges and solutions

Section 6.1 Key challenge of fluctuating supply from variable RE
Solutions are proposed:

- Flexibility on demand and supply sides (smart metering, peaking plants)
- Increased storage (hydro, CST+storage, batteries)
- Geographic distribution
- Improved transmission links (SA-NSW)
- Market incentives to develop in key areas
- New  policies  the  address  technological  and  infrastructure  issues,  pricing  and

incentives

No further information was given to what the policies listed in the last point actually are, other
than the statement of them. Nor are any costings for the infrastructure requirements of smart
metering, new peaking plants, storage or transmission upgrades. Especially considering that
the smart metering policy would entail utilities the ability to shut residents and businesses
energy usage on specific circuits to adjust for supply constraints.

Section 6.2 Targets
Solutions are:

- Strong emission targets for 2020, 2025 and 2030



- Strong targets for large-scale RE in Gwh per year reaching 75-100% in 2030
- 75% by 2030 chosen, then 100% by 2040 is recommended

No justification is presented for these targets. It is not clearly stated what “strong” implies.

Section 6.3 Incentives for RE to meet targets
Solutions are:

- Either State based renewable energy certificates, or reverse auction with FiT or CfD
for the winners of the bidding

- FiT for small scale RE funded by “small” increase in retail electricity prices.
- “Fair” retail prices
- Smart meters and switches
- New SA-NSW transmission line

No costings are presented for any of  the proposed incentives.  No sources are provided to
relate to similar proposals that could provide evidence of the likely costs. Also omitted is the
$50 per tonne carbon price to ensure the economic viability of the 100% RE proposal.

Section 6.4 Renewable Energy certificates
The solution is  to set  targets for  generation into separate targets  for individual  RE types.
However, a state scheme would run counter to the Federal LRET, thus an alternative approach
is proposed (see 6.5).

Section 6.5 Reverse auction
Solutions are:

- Reverse auction to be set up to ensure “credible” bidders participate and winners
are bound by contract to build the plant for the winning bid

- Winning bidders are offered sufficient FiTs and CfDs to ensure profitability

The costs of the FiT or CfD scheme will ultimately fall upon consumers, though if not it is not
described how. No attempt to quantify this cost is listed in the report.

In addition to the reverse auction, peaking generators are given a capacity payment to ensure
profitability with limited use (section 6.6). It should be noted that capacity payments can lead
to over-investment, wrong technology choices, and foreclosure of demand-side options in a
deregulated market. That robust regulatory mechanisms are needed to prevent this. (Oren,
2000)

Section 6.7 FiT for small- and medium-scale RE
Solutions are:

- Introduce a “fair” FiT
- Vary the FiT according to supply and demand.

The  report  notes  that  the  minimum  FiT  determined  by  ESCOSA  is  unfair  at  5.3  c/kWh,
however the ESCOSA determination notes that this is a fair minimum. Regardless retailers are
offering FiTs of between 7.6-9.0 c/kWh. The justification for the “unfair” claim is that these
FiTs do not take into consideration environmental benefits of producing RE, and that the cost
should not take into consideration the network charges for accessing the grid for fed-in RE.



Section 6.8 Fair prices for electricity
Solutions are:

- State government mandate fixed charges to household and commercial electricity
users that are proportional to the maximum demand nominated by the consumer.

- Implementation of a smart grid.
- Installation of battery storage to enable PV owners to rely less on the grid.

A  detailed  analysis  was  not  presented  in  the  report  as  it  “is  beyond  the  scope  of  this
submission”. No judgement can be made of the “fair” price of electricity.

Section 6.9 New transmission spine
Simulations determine that a SA-NSW via Broken Hill  link is  needed.  This is  to be funded
jointly by state and federal infrastructure funds.

No economics are provided on this proposal.  Whatever the cost might be, most or all of it
would need to be passed on to users of the line, unavoidably increasing electricity costs in SA
and NSW. Furthermore, infrastructure funds require these projects to have a rate of return. No
figures were presented in this report to determine feasibility. An estimate would be roughly
$5-$8bn based upon the costs for similar high capacity lines between South Australia and
Victoria (Heywood and Murraylink). 

Section 6.10 Seawater pumped hydro
This solution requires the building of reservoirs in the hills to the east of Port Augusta and
Port  Pirie,  connected  to  Spencer  Gulf  by  many  kilometres  of  sufficiently  large  and  well-
engineered piping.

No suitable sites are proposed, nor are environmental impacts discussed as noted earlier in
section 5.2. Furthermore, no economical modelling was presented to determine the feasibility
of this proposal.

Conclusion

The report claims that this proposal is “technologically feasible and affordable” however there
have been no estimates or modelling presented to reaffirm the affordability or feasibility of a
75-100% RE plan for SA.

CCSA says that it will create jobs (no figures presented), reduce greenhouse gas emissions (no
figures modelled), less air pollution (no discussion other than the statement of this fact), once
the initial  investments made along with a cap on electricity prices (first time mentioned).
Indeed,  the  brief  assertion  that  such  an  approach  to  regional  power  supply,  which  will
“involve... radical changes to the NEM”, would result in a cap on electricity prices, in the stark
absence  of  any  economic  modelling  should  strike  any  reader  as  extremely  questionable.
Would such a claim, made instead about a proposal for nuclear power in SA, not face demands
for detailed supporting evidence?

For all this to happen, CCSA notes “all it takes is political will”.



The energy mix for this proposal is not presented although it is stated as having a composition
of:

 Variable  RE  (Wind,  Solar  PV)  and  flexible,  fast  response,  dispatchable  RE  sources
(CST+storage, biofuelled or fossil fuelled gas turbines, hydro+pumped storage).

 Geographic dispersion + new transmission links (SA-NSW, Heywood upgrade).
 Demand modification with smart meters and switches in a smart grid.

Figure 1.

The omission of even a rough estimate (or even a visual guide such as the sample pie chart in
Figure  1)  for  proposed  total  installed  capacity  of  renewable  generators  presents  distinct
challenges to anyone wishing to impartially judge the proposal on its merits.

The first mention of the capital cost is made in the conclusion and notes that the cost of 75-
100% RE is dependent upon the choice of future cost projections, and that it is affordable due
to the comparison with the environmental cost of fossil fuels. No figures are cited.

The required policies are:
 RE and emission targets for individual generators
 New pricing structures for electricity and FiTs (“fair” prices)
 Renewable energy certificates or reverse auctions+FiT or CfD.
 Smart grid

Notable here in the conclusion is the omission of the $50 per tonne carbon price that was
included in the 100% RE modelling cited earlier.

According to CCSA, compared to nuclear the RE proposal is equally reliable (no modelling is
presented,  it  is  just  stated  to  be  so),  much  less  dangerous  (first  mention,  without
quantification. See  ENSAD or  ExternE for detailed comparisons of risk), emits less life-cycle
CO2 (no  figures  cited),  offers  wider  range  of  environmental  and  health  benefits  (no
quantification), and will be implemented much more rapidly (no quantification or examples
used other than nuclear delays in Finland, France and US. Rapid builds in China, Korea and
other countries are not included).

WIND CST PV GAS

http://www.externe.info/externe_2006/externpr.pdf
http://www.psi.ch/ta/risk-assessment


Section 2 ———————————————————————————————————

CCSA chose June 16 to announce its submission to the Royal Commission, a day of practically 
no wind generation across the entire National Electricity Network, and no more than a peak of
16 percent generation from South Australia's installed rooftop solar capacity. While the 
submission's purpose was to present a majority wind- and solar-supplied SA grid as 
preferable to any alternative which might incorporate modern nuclear power, the principal 
evidence it provided was, ironically, through castigation of the perceived limitations of the 
latter.

The suggested alternative is a state grid supplied by
 intermittent wind generators
 dispatchable solar thermal generators with molten salt storage
 rooftop solar PV, with battery storage
 open-cycle gas turbines (natural gas or biogas)
 “turkey-nest” seawater pumped hydro storage
 Expanded AC interconnection, notably with NSW
 wave and geothermal power

Despite claims of successful supporting modelling outcomes, no specific numbers are supplied
for absolute or relative capacity of these sources.

CCSA cites a day in December 2014 for which the majority of SA's demand was met by wind 
and solar. It is by this logic that the week of CCSA's announcement with which to roughly 
estimate a theoretically viable mix of their chosen generators. Comparable electricity demand 
is assumed for the authors' timeframes.

The AEMO generator-type, interconnection and demand data are charted in Figure 2. 
Estimated rooftop solar data is from the Australian Photovoltaic Institute's website, and is 
charted above the market demand curve to reflect that it predominantly meets localised 
demand. Where interconnector data appears above the grid demand curve, electricity was 
being exported to Victoria.

In the absence of intermittent renewable generators, SA demand is effectively met entirely by 
a mix of brown coal, gas and imported supply. The balance of the NEM can be considered to be 
at least 4/5 coal and gas generation, and quite often more, but NEM data indicate that Victoria 
invariably produces more than it consumes, and therefore an alternate perspective is to 
consider the vast majority of interconnector supply as originating from brown coal 
combustion. On the Tuesday, SA intermittent renewables offset SA fossil generators and 
imports briefly by 5 percent at the time of peak solar generation (10:30 AM).

Consequently, in a majority renewables model demand maxima exceeding 2000 MW would 
rely on truly dispatchable generators, namely open-cycle gas turbines which the authors' 
prefer to consider as peaking capacity, off-set by interconnector imports. This reliance will 
supposedly be further off-set by generation from seawater pumped hydro storage (PHS) 
supply. While solar thermal with storage is presented as dispatchable, it would be unrealistic 
to either rely on it in such wintry weather or to overbuild it to the compensating scale 
necessary for meeting intermediate and peak demand. Its contribution would probably not be 



negligible, but it has been excluded a) for simplicity, and b) as there is no indication of the 
proposal's intended capacity by the authors. It must be mentioned that gas turbines, AC 
interconnector flows and PHS generation all provide ancillary grid services (voltage and 
frequency control, inertia).

Figure 2.

GAS TURBINES

The AEMO data clearly show scheduled gas capacity ramping daily in response to demand, as 
well as meeting baseload. The most straightforward way to meet demand under the proposal 
would simply be more of the same. Curiously, though, careful reading of the proposal provides 
no indication of a preference between natural gas and biogas. No reference is made to the land
and material inputs necessary for biogas production at the scale under consideration. 
Importantly, use of biogas under the banner of renewable energy will displace use of natural 
gas that may simply be exported instead. These exported emissions are not referenced and 
nothing is proposed with which to curb them.

Circumstances permitting, biogas-fired open cycle gas turbines (OCGTs) may be considered 
ultra-low emissions generation. Recent trials of a piggery-derived biogas-fueled 637 kW unit 
in Hungary working at 78% capacity factor outputed less than 50 gCO2e/kWh of electricity, 
based on Life Cycle Analysis. If this can be replicated up to an approximately 1500 MW scale, 
as required by the example week peak demand, it raises several important considerations:
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 Associate Professor Diesendorf has elsewhere cited a cost for open-cycle gas turbine 
plant of $800 per kW installed, however the current proposal specifies that it be used 
sparingly. Economic operation is to be assured through fuel savings and government 
funding. This belies the cost of idle plant: a 300 MW plant requiring $240 million 
investment sells a single product - electricity – to recover costs, but on-going 
operational costs, other than fuel, are largely fixed whether or not it is supplying to the 
grid at any given time. In 2013 AETA put the LCOE range for OCGT commissioned in 
2025 at $160-270 per MWh, at the far upper end of range estimates (see AETA 2013 
Model Update and Figure 3 in appendix). To this can be added the cost difference 
between conventional gas and biogas.

 With the necessity of sufficient capacity to cover weeks like that above, and a potential 
emissions intensity below 50 gCO2e/kWh, why not operate such capacity as coal and 
gas are currently operated? This would obviate the need for substantial wind power 
expansion, investment in expensive CST, and large scale energy storage; additionally, a 
mechanism to achieve the construction and economic operation of this gas capacity 
plus production of sufficient fuel sources by itself would appear to be considerably 
more straightforward than a collection of separate capacity targets for various 
intermittent generators, contracts for difference, etc. Greater continuous operation 
would conceivably translate into higher net profitability, and therefore diminished 
support. Intermittent capacity comparable to today's levels would function as fuel-
saving.

 More continuous operation of biogas-fired gas turbines would also allow for at least a 
portion of capacity to consist of combined cycle plant, substantially increasing thermal 
efficiency from a maximum of around 34% in open cycle turbines to over 50%, to 
operate as baseload. CCGT has the additional benefit of considerably lower LCOE 
according to AETA.

These considerations are dependent on the avoidance of the more problematic aspects of 
biomass use. However, the proposal provides no guidance in this respect.

Grain 3 x 425 MW CCGT power station in Kent, England

http://www.industry.gov.au/Office-of-the-Chief-Economist/Publications/Documents/aeta/AETA-Update-Dec-13.doc
http://www.industry.gov.au/Office-of-the-Chief-Economist/Publications/Documents/aeta/AETA-Update-Dec-13.doc
http://indaily.com.au/opinion/2015/06/25/renewable-energy-future-for-south-australia/#comment-2120973913


INTERCONNECTION

The specified SA to NSW link neglects to indicate what capacity might be required. With an 
upgraded capacity Heywood interconnector capacity of 650 MW plus Murraylink (220 MW), 
and in the absence of appreciable gas capacity or stored supply for the example week we 
might imagine this interconnector would need to have a capacity of 1140MW or more to meet 
evening demand peaks. As already illustrated, present imported supply can be considered as 
either mostly coal and gas from the NEM, or effectively all brown coal from Victoria. Imports 
from NSW are generally over 90% black coal-fired generation. Already, this raises the question
of how such supply can be reasonably considered part of a "100% Renewable Energy" 
proposal.

In the context of the proposal, such a level of imported supply would not be necessary due to 
the SA gas capacity. Indeed, maximisation of gas capacity would minimise the mostly coal-
derived imported supply that is required, decreasing emissions even if natural gas was used. 
The consequence of this, however would be to defer the need for interconnection 
infrastructure, which was originally required for times of high intermittent generator output 
and state oversupply. Is it not sensible to instead reiterate the advantage of biogas-fired 
dispatchable capacity - already required at a substantial level - instead of overbuilt 
intermittent capacity?

Preliminary estimates for the construction of SA to NSW 500 kV interconnection are upwards 
of $5 billion, based on previous regional interconnection infrastructure costs. Given this is 
needed to cope with oversupply, primarily peak wind generation (while it can potentially be 
deferred by relying on dispatchable generators) it can be factored in to the LCOE of wind as 
part of what is termed System LCOE, and consequently raises the cost per MWh.

SEAWATER PUMPED HYDRO STORAGE

Demand during the representative week could also be met by discharging of the proposed PHS
capacity. This is specified as turkey-nest dams built, apparently, at the tops of the hills close to 
Port Pirie (15 km from Spencer Gulf) and Port Augusta (20-26 km). For the sake of simplicity 
we might consider sufficient turbines to supply a peak output of 1500 MW, which might take 
the form of 100-300MW units, and advantageous weather such that all reservoirs were full at 
the beginning of the representative week. Roughly estimating from official annual demand 
(12855000 MWh / 52 = 247210 MWh minus ~25% for interconnector supply = 185410 
MWh) stored energy of roughly 185000 MWh would be needed for an average week. While the
representative week likely has a slightly lower total winter demand than this, for perspective 
the cited FOAK Yanbaru 30 MW seawater PHS plant in Okinawa holds 188 MWh. This is in the 
form of 600 megalitres of water in a 5 hectare upper reservoir. It should be kept in mind that 
the proposed reservoir head is over four times that of the Japanese plant.

Clearly, seawater PHS can not feasibly supply any prolonged period of SA demand in isolation, 
and indeed the authors propose it merely to "generate for short periods during lulls in the 
wind or fluctuations in sunshine due to passing clouds." This leaves the matter of exact 
seawater PHS capacity envisioned by the authors supremely unclear. South Australia-specific 
PHS capital cost estimates cited by MEI are US$1500-2000 per kW, with the lower 
(~AUD$2000 per kW) for reservoir head of 200 metres. Thus, a 100 MW plant may cost 
AUD$200 million, and to this must be added the cost of at least 15 km of tailrace tunnel or 

https://www.iea.org/publications/freepublications/publication/technology-roadmap-energy-storage-.html
https://www.iea.org/publications/freepublications/publication/technology-roadmap-energy-storage-.html
http://www.neon-energie.de/Hirth-Ueckerdt-Edenhofer-2015-Integration-Costs-Revisited-Framework-Wind-Solar-Variability.pdf


pipeline across to the Gulf, sufficiently engineered to operate with the pressure of a 600 m or 
higher reservoir head. Being confident of a cost per km of suitable pipeline is impossible, but 
for reference 46 km of water pipeline of less than 1 metre diameter was laid between 
Rockhampton and Yeppoon in 2009 for $50 million. The necessary diameter of the tailrace 
would dictate a bundle of such sized pipes.

Speculative diagram of necessary connection distances for turkey-nest PHS projects

Further perspective is provided by the recently proposed Genex Kidston conventional PHS 
project, to be built within a pair of existing mine pits. It will be a 330 MW plant with 190 m 
head, which can supply 1650 MWh in a single cycle. With a price tag of $282 million, the 
project is supported by Chinese investment, and Genex has explicitly indicated it will be 
operated as off-peak/peak arbitrage (buying and storing lowest-price power at night, and 
discharging to supply power at peak demand/price the next day). This daily-cycled, 
economically viable project should be critically compared to what is proposed in support of 
majority intermittent renewable energy for SA.

This seawater storage technology is presented by the authors as sufficiently developed to be 
adopted forthwith. Yet it has been noted by the IEA that over a decade of operation at Yanbaru 
that seawater corrosion has resulted in increased operation and maintenance costs. Despite 
proposals for a number of projects around the world, adoption of this approach to grid-scale 
storage has been slow.

http://www.cairnspost.com.au/news/cairns/m-project-west-of-cairns-to-employ-200-during-construction/story-fnjpusyw-1227378643778
http://www.genexpower.com.au/projects/The_Kidston_Project
http://www.genexpower.com.au/projects/The_Kidston_Project


Conclusion ——————————————————————————————————

The South Australian Nuclear Fuel Cycle Royal Commission issues papers clearly invite 
consideration of how nuclear power supply might interact with other generation technologies.
It is reasonable to investigate the dynamics of a market incorporating nuclear, wind, solar, 
conventional and biofueled combustion, interconnection and so on. As such, the submission 
from CCSA represents a missed opportunity to enhance the solid analysis in this area. Broadly, 
the assumption is made that the low marginal cost of wind generation seen currently for 
limited market penetration, supported by legislated renewable energy certificates under the 
Renewable Energy Target, will simply continue at very high penetration, therefore pricing any 
traditional baseload capacity out of the market. The concession that this is not a natural 
function of the market but instead requires further direct government support is telling. In so 
far as nuclear capacity would similarly require government support, the possibility of such is 
arbitrarily rejected.

Although the amount of necessary gas turbine capacity has been estimated herein, it may well 
be greater than what was originally intended by CCSA, and no claim is made to accurately 
represent such intentions. Yet, even the conceptually straightforward approach of estimating 
proportions of installed capacity under the proposal was neglected, leaving no way to know. 
Economics aside, it can be argued that expanded interconnector capacity as well as PHS 
capacity prima facie would be quite useful for management of the grid and power supply. 
However, it is clear from rough cost indicators, sourced independently, that overall increased 
operation of gas turbines as fully dispatchable capacity, with generators like wind 
intermittently serving a fuel saving role as is the case today, presents superior cost 
effectiveness. Gas turbines fueled with biogas are already advocated in the proposal, and 
would potentially serve to cut state emissions in and of themselves. The increased cost of this 
low-emissions approach over use of natural gas should be compared to the total cost of CCSA's
proposed generation mix - when and if an estimate is ever made available - as well as to costed
alternative submissions and proposals which do not shy from including nuclear power.



Appendix ———————————————————————————————————

Figure 3.

Analysis provided by Oscar Archer, PhD, July 2015.
Available at https://actinideage.files.wordpress.com/2015/07/2015critiqueCCSA.pdf 
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