TasNetworks distribution cost pass through application – August-September 2024 storm objection submission

Dear AER, Ministers, Senators, Independents, Mayors, Councils, CEOs and others,

1. Does the August-September 2024 storm event meet the definition of a cost pass through event under clause 6.6.1(a1) of the NER and TasNetworks’ current revenue determination?
No, it does NOT because of the incorrect methodology and costings of AER, which means that the cost of this "cost pass" will unfairly fall to all Tasmanian constituents. 
Attachment 2025 SUBMISSION TO CSIRO'S DRAFT 2024-25 GENCOST REPORT.pdf


1. Is the increase in costs that TasNetworks has incurred as a result of the event material?
No, according again to the Attachment 2025 SUBMISSION TO CSIRO'S DRAFT 2024-25 GENCOST REPORT.pdf

"GenCost fails to demonstrate that it is ‘Australia’s most comprehensive’ report on NEM costs. It fails to include major cost elements funded by government and consumers. Its levelised cost of electricity (LCOE) method is aimed at providing investors with theoretical marginal investment indicators limited to investor costs, not national electricity costs, yet undisputedly this document is misused by government to justify its energy policies. GenCost should be much more forthright upfront in the disclaimer and executive summary regarding its true purpose. 2. GenCost’s claim that wind and solar are the cheapest form of electricity generation are completely contradicted by whole-of-system ISP capital cost cash flow estimation – by a large margin as indicated in Appendix 2 to this submission and other reports. CSIRO needs to explain the reasons for this stark difference or clearly state that it is geared to investor interests and is not fit for purpose to underpin national energy policy. The warning on page 57 states that cash flow cost models are more realistic but is not sufficiently prominent. 3. GenCost employs highly contestable assumptions and data concerning capacity factors, capital cost factors, facility lifetimes and spillage costs. CSIRO should rebalance the assumptions and data for consistency to ensure it does not unduly favour renewables. 4. GenCost fails to account for Consumer Energy Resources (CER), low voltage distribution network upgrades and disposal/remediation costs, which form a very large part of whole-of-system costs. CER by itself is 60% of all solar and battery capacities in AEMO’s ISP. GenCost must include these costs – they are not free. A purposeful report should include all costs to the national economy, regardless of who pays. 5. GenCost’s assumption that investors will have free access to previously built network resources is completely unrealistic in normal markets and particularly considering that grid design must be based on worst-case conditions, when all resources are at maximum utilisation. CSIRO must reconsider the whole GenCost approach to renewable integration costs. 6. GenCost’s use of an unspecified electricity system model running 9 years of historical weather related data to determine maximum integration costs based on the simple assumption that the grid will be reliable is a major mistake for many reasons. a. The 2011-2019 AEMO data does not encompass all worst-case conditions, which recent freely available data from both Australia and overseas indicate. Wind droughts and solar outages are a common-mode failure affecting the entire NEM. b. AEMO’s use of a simulation model in the Integrated System Plan (ISP) illustrates the pitfalls, which are detailed in Appendix 1. CSIRO must provide details of the model used and how the criteria for reliability must include maintaining a viable dispatchable reserve margin under all conditions to protect against facility outages. The failure of the ISP to define worst-case conditions inherent to proper high reliability system engineering casts serious doubt on the integrity of its modelling and grid design with direct implications for GenCost. 7. Both GenCost and the ISP are important documents having major influence on energy policy with impacts on the entire economy and the security of all Australians. The criticality of the NEM to the well-being of the entire nation deserves rigorous and independent accountability by the same type of certification authority used in other fields such as aviation, transportation, telecommunications, civil works and the financial industry. CSIRO should support the establishment of a proper independent regulatory body to review, hold accountable and certify plans and implementation of the NEM."


1. Are the costs identified by TasNetworks incremental to costs already allowed for in its current revenue determination, and related solely to the occurrence of the pass through event?
No again for the same reason above(Attachment 2025 SUBMISSION TO CSIRO'S DRAFT 2024-25 GENCOST REPORT.pdf):

" GenCost fails to demonstrate that it is ‘Australia’s most comprehensive’ report on NEM costs. It fails to include major cost elements funded by government and consumers. Its levelised cost of electricity (LCOE) method is aimed at providing investors with theoretical marginal investment indicators limited to investor costs, not national electricity costs, yet undisputedly this document is misused by government to justify its energy policies. GenCost should be much more forthright upfront in the disclaimer and executive summary regarding its true purpose. 2. GenCost’s claim that wind and solar are the cheapest form of electricity generation are completely contradicted by whole-of-system ISP capital cost cash flow estimation – by a large margin as indicated in Appendix 2 to this submission and other reports. CSIRO needs to explain the reasons for this stark difference or clearly state that it is geared to investor interests and is not fit for purpose to underpin national energy policy. The warning on page 57 states that cash flow cost models are more realistic but is not sufficiently prominent. 3. GenCost employs highly contestable assumptions and data concerning capacity factors, capital cost factors, facility lifetimes and spillage costs. CSIRO should rebalance the assumptions and data for consistency to ensure it does not unduly favour renewables. 4. GenCost fails to account for Consumer Energy Resources (CER), low voltage distribution network upgrades and disposal/remediation costs, which form a very large part of whole-of-system costs. CER by itself is 60% of all solar and battery capacities in AEMO’s ISP. GenCost must include these costs – they are not free. A purposeful report should include all costs to the national economy, regardless of who pays. 5. GenCost’s assumption that investors will have free access to previously built network resources is completely unrealistic in normal markets and particularly considering that grid design must be based on worst-case conditions, when all resources are at maximum utilisation. CSIRO must reconsider the whole GenCost approach to renewable integration costs. 6. GenCost’s use of an unspecified electricity system model running 9 years of historical weather related data to determine maximum integration costs based on the simple assumption that the grid will be reliable is a major mistake for many reasons. a. The 2011-2019 AEMO data does not encompass all worst-case conditions, which recent freely available data from both Australia and overseas indicate. Wind droughts and solar outages are a common-mode failure affecting the entire NEM. b. AEMO’s use of a simulation model in the Integrated System Plan (ISP) illustrates the pitfalls, which are detailed in Appendix 1. CSIRO must provide details of the model used and how the criteria for reliability must include maintaining a viable dispatchable reserve margin under all conditions to protect against facility outages. The failure of the ISP to define worst-case conditions inherent to proper high reliability system engineering casts serious doubt on the integrity of its modelling and grid design with direct implications for GenCost. 7. Both GenCost and the ISP are important documents having major influence on energy policy with impacts on the entire economy and the security of all Australians. The criticality of the NEM to the well-being of the entire nation deserves rigorous and independent accountability by the same type of certification authority used in other fields such as aviation, transportation, telecommunications, civil works and the financial industry. CSIRO should support the establishment of a proper independent regulatory body to review, hold accountable and certify plans and implementation of the NEM."

1. Are the decisions and actions TasNetworks has taken in relation to the event efficient?
No again, for the same reasons above (Attachment 2025 SUBMISSION TO CSIRO'S DRAFT 2024-25 GENCOST REPORT.pdf):

"GenCost fails to demonstrate that it is ‘Australia’s most comprehensive’ report on NEM costs. It fails to include major cost elements funded by government and consumers. Its levelised cost of electricity (LCOE) method is aimed at providing investors with theoretical marginal investment indicators limited to investor costs, not national electricity costs, yet undisputedly this document is misused by government to justify its energy policies. GenCost should be much more forthright upfront in the disclaimer and executive summary regarding its true purpose. 2. GenCost’s claim that wind and solar are the cheapest form of electricity generation are completely contradicted by whole-of-system ISP capital cost cash flow estimation – by a large margin as indicated in Appendix 2 to this submission and other reports. CSIRO needs to explain the reasons for this stark difference or clearly state that it is geared to investor interests and is not fit for purpose to underpin national energy policy. The warning on page 57 states that cash flow cost models are more realistic but is not sufficiently prominent. 3. GenCost employs highly contestable assumptions and data concerning capacity factors, capital cost factors, facility lifetimes and spillage costs. CSIRO should rebalance the assumptions and data for consistency to ensure it does not unduly favour renewables. 4. GenCost fails to account for Consumer Energy Resources (CER), low voltage distribution network upgrades and disposal/remediation costs, which form a very large part of whole-of-system costs. CER by itself is 60% of all solar and battery capacities in AEMO’s ISP. GenCost must include these costs – they are not free. A purposeful report should include all costs to the national economy, regardless of who pays. 5. GenCost’s assumption that investors will have free access to previously built network resources is completely unrealistic in normal markets and particularly considering that grid design must be based on worst-case conditions, when all resources are at maximum utilisation. CSIRO must reconsider the whole GenCost approach to renewable integration costs. 6. GenCost’s use of an unspecified electricity system model running 9 years of historical weather related data to determine maximum integration costs based on the simple assumption that the grid will be reliable is a major mistake for many reasons. a. The 2011-2019 AEMO data does not encompass all worst-case conditions, which recent freely available data from both Australia and overseas indicate. Wind droughts and solar outages are a common-mode failure affecting the entire NEM. b. AEMO’s use of a simulation model in the Integrated System Plan (ISP) illustrates the pitfalls, which are detailed in Appendix 1. CSIRO must provide details of the model used and how the criteria for reliability must include maintaining a viable dispatchable reserve margin under all conditions to protect against facility outages. The failure of the ISP to define worst-case conditions inherent to proper high reliability system engineering casts serious doubt on the integrity of its modelling and grid design with direct implications for GenCost. 7. Both GenCost and the ISP are important documents having major influence on energy policy with impacts on the entire economy and the security of all Australians. The criticality of the NEM to the well-being of the entire nation deserves rigorous and independent accountability by the same type of certification authority used in other fields such as aviation, transportation, telecommunications, civil works and the financial industry. CSIRO should support the establishment of a proper independent regulatory body to review, hold accountable and certify plans and implementation of the NEM."

1. Are there any other factors the AER should take into account in making its determination?
Yes, these factors (Attachment 2025 SUBMISSION TO CSIRO'S DRAFT 2024-25 GENCOST REPORT.pdf):

" GenCost fails to demonstrate that it is ‘Australia’s most comprehensive’ report on NEM costs. It fails to include major cost elements funded by government and consumers. Its levelised cost of electricity (LCOE) method is aimed at providing investors with theoretical marginal investment indicators limited to investor costs, not national electricity costs, yet undisputedly this document is misused by government to justify its energy policies. GenCost should be much more forthright upfront in the disclaimer and executive summary regarding its true purpose. 2. GenCost’s claim that wind and solar are the cheapest form of electricity generation are completely contradicted by whole-of-system ISP capital cost cash flow estimation – by a large margin as indicated in Appendix 2 to this submission and other reports. CSIRO needs to explain the reasons for this stark difference or clearly state that it is geared to investor interests and is not fit for purpose to underpin national energy policy. The warning on page 57 states that cash flow cost models are more realistic but is not sufficiently prominent. 3. GenCost employs highly contestable assumptions and data concerning capacity factors, capital cost factors, facility lifetimes and spillage costs. CSIRO should rebalance the assumptions and data for consistency to ensure it does not unduly favour renewables. 4. GenCost fails to account for Consumer Energy Resources (CER), low voltage distribution network upgrades and disposal/remediation costs, which form a very large part of whole-of-system costs. CER by itself is 60% of all solar and battery capacities in AEMO’s ISP. GenCost must include these costs – they are not free. A purposeful report should include all costs to the national economy, regardless of who pays. 5. GenCost’s assumption that investors will have free access to previously built network resources is completely unrealistic in normal markets and particularly considering that grid design must be based on worst-case conditions, when all resources are at maximum utilisation. CSIRO must reconsider the whole GenCost approach to renewable integration costs. 6. GenCost’s use of an unspecified electricity system model running 9 years of historical weather related data to determine maximum integration costs based on the simple assumption that the grid will be reliable is a major mistake for many reasons. a. The 2011-2019 AEMO data does not encompass all worst-case conditions, which recent freely available data from both Australia and overseas indicate. Wind droughts and solar outages are a common-mode failure affecting the entire NEM. b. AEMO’s use of a simulation model in the Integrated System Plan (ISP) illustrates the pitfalls, which are detailed in Appendix 1. CSIRO must provide details of the model used and how the criteria for reliability must include maintaining a viable dispatchable reserve margin under all conditions to protect against facility outages. The failure of the ISP to define worst-case conditions inherent to proper high reliability system engineering casts serious doubt on the integrity of its modelling and grid design with direct implications for GenCost. 7. Both GenCost and the ISP are important documents having major influence on energy policy with impacts on the entire economy and the security of all Australians. The criticality of the NEM to the well-being of the entire nation deserves rigorous and independent accountability by the same type of certification authority used in other fields such as aviation, transportation, telecommunications, civil works and the financial industry. CSIRO should support the establishment of a proper independent regulatory body to review, hold accountable and certify plans and implementation of the NEM."

Further evidence of why this "cost pass" by TasNetworks shoud NOT happen has been attached to this email.

As always, thank you, Senators, Independents and others who are helping to hold this government, along with the Labor government accountable to the Tasmanian people. 

Kind regards,

Carol-Ann Fletcher
NW Tasmania
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Conclusions and Recommendations

Independent Engineers, Scientists and Professionals, 11 February 2025

GenCost fails to demonstrate that it is ‘Australia’s most comprehensive’ report on NEM costs. It
fails to include major cost elements funded by government and consumers. Its levelised cost of
electricity (LCOE) method is aimed at providing investors with theoretical marginal investment
indicators limited to investor costs, not national electricity costs, yet undisputedly this document
is misused by government to justify its energy policies. GenCost should be much more forthright
upfront in the disclaimer and executive summary regarding its true purpose.
GenCost’s claim that wind and solar are the cheapest form of electricity generation are completely
contradicted by whole-of-system ISP capital cost cash flow estimation — by a large margin as
indicated in Appendix 2 to this submission and other reports. CSIRO needs to explain the reasons
for this stark difference or clearly state that it is geared to investor interests and is not fit for
purpose to underpin national energy policy. The warning on page 57 states that cash flow cost
models are more realistic but is not sufficiently prominent.

GenCost employs highly contestable assumptions and data concerning capacity factors, capital

cost factors, facility lifetimes and spillage costs. CSIRO should rebalance the assumptions and data

for consistency to ensure it does not unduly favour renewables.

GenCost fails to account for Consumer Energy Resources (CER), low voltage distribution network

upgrades and disposal/remediation costs, which form a very large part of whole-of-system costs.

CER by itself is 60% of all solar and battery capacities in AEMOQ’s ISP. GenCost must include these

costs — they are not free. A purposeful report should include all costs to the national economy,

regardless of who pays.

GenCost’s assumption that investors will have free access to previously built network resources is

completely unrealistic in normal markets and particularly considering that grid design must be

based on worst-case conditions, when all resources are at maximum utilisation. CSIRO must
reconsider the whole GenCost approach to renewable integration costs.

GenCost’s use of an unspecified electricity system model running 9 years of historical weather-

related data to determine maximum integration costs based on the simple assumption that the

grid will be reliable is a major mistake for many reasons.

a. The 2011-2019 AEMO data does not encompass all worst-case conditions, which recent
freely available data from both Australia and overseas indicate. Wind droughts and solar
outages are a common-mode failure affecting the entire NEM.

b. AEMO'’s use of a simulation model in the Integrated System Plan (ISP) illustrates the pitfalls,
which are detailed in Appendix 1. CSIRO must provide details of the model used and how the
criteria for reliability must include maintaining a viable dispatchable reserve margin under
all conditions to protect against facility outages. The failure of the ISP to define worst-case
conditions inherent to proper high reliability system engineering casts serious doubt on the
integrity of its modelling and grid design with direct implications for GenCost.

Both GenCost and the ISP are important documents having major influence on energy policy with
impacts on the entire economy and the security of all Australians. The criticality of the NEM to
the well-being of the entire nation deserves rigorous and independent accountability by the same
type of certification authority used in other fields such as aviation, transportation,
telecommunications, civil works and the financial industry. CSIRO should support the
establishment of a proper independent regulatory body to review, hold accountable and certify
plans and implementation of the NEM.
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Introduction

Reliable and affordable electricity is essential for the nation’s economy and in some cases to individuals
who are medically dependent on it. It is the linchpin to national productivity. National security
demands reliable power. Virtually all jobs depend on it. It is vital therefore that any changes to the
NEM ensure that reliable and affordable electricity continue to be available in abundance.

There is increasing disquiet in the community about rising electricity costs and the impacts that
renewables impose on the environment. There is more disquiet in the United Kingdom and Germany
where renewables are having greater impacts, but it appears these lessons are being ignored.

The scientific community is beginning to acknowledge that the climate impacts of CO; emissions have
been overstated and overhyped by media. The futility of reducing Australia’s emissions in the face of
overwhelming global emissions growth in major countries such as China, India and the US and all
developing nations, is also contributing to a trend in declining public support.

Political and media dialogue is now focused on real concerns about future prosperity in an economy
that is facing both energy shortages and massive cost rises. Jobs and businesses are on the line. We
are already seeing instances where high energy costs are major factors in business closures.

There is an urgent need for full and forthright information. GenCost states that it a collaboration
between CSIRO and AEMO?. Its Executive Summary claims it to be “Australia’s most comprehensive
electricity generation cost projection report.” It is not. This submission identifies multiple serious
failings with CSRIO’s GenCost report and, given that AEMOQ’s ISP is closely related, failings in the ISP
too.

There are many. It is now time for CSIRO to have the wisdom from introspection and the courage to
speak truth to power and to the public.

Detailed Assessments

As concerned citizens with deep backgrounds in engineering, science and business management, we
present the following assessments to illuminate the shortcomings of the CSIRO 2024-25 GenCost
Report. This work upgrades our previous submissions to AEMO on the 2022 and 2024 draft ISPs,
AEMO'’s Inputs, Assumptions and Scenarios (IAS) consultation (August 2024) and the Senate Select
Committee on Energy Planning and Regulation (October 2024).

Our concerns, together with those of many other highly qualified experts and organisations, focuses
on reliability and costs; flashpoints that can no longer be dismissed or ignored.

1.0 Flawed Methodology

According to GenCost?, “The stated purpose of GenCost is to provide essential capital cost information
for the modelling community to use in their own system cost studies.” While the capital cost data,
despite some contestable issues, is useful for user studies (we use it in our whole-of-system modelling),
we consider the LCOE results to be controversial and not indicative of real-world costs.

The GenCost report starts with an ‘Important Disclaimer’ which states in part: “The reader is advised
and needs to be aware that such information may be incomplete or unable to be used in any specific
situation.” Presumably, this disclaimer is made for legal reasons but it also shows a lack of confidence.

1 GenCost Executive Summary Pviii
2 GenCost Section D.4.16 P108





GenCost also states® that: Modelling studies such as AEMO’s Integrated System Plan do not require or
use LCOE data. LCOE is a simple screening tool for quickly determining the relative competitiveness of
electricity generation technologies. It is not a substitute for detailed project cashflow analysis or
electricity system modelling which both provide more realistic representations of electricity generation
project operational costs and performance.” Despite this warning, GenCost makes definitive
conclusions regarding the cost of firmed solar and wind* being the lowest cost.

It is unfortunate that government ministers and managers do not make time to read such details. The
ideological commitment to so-called renewables appears foundational. It is incontrovertible from
ministerial statements that government energy policy is based on the stated assertion that firmed wind
and solar are the cheapest form of electricity generation as shown by CSIRO’s GenCost reports.

Our whole-of-system cost assessments in previous submissions, based on cashflow modelling as
suggested by GenCost is more realistic, demonstrate that this assertion is incorrect. LCOE outputs
shown in GenCost, even when modified by estimated (2030) integration costs, indicate exactly the
opposite of whole-of-system capital cash flow modelling.

It is apparent that the basic LCOE methodology in GenCost is aimed at providing theoretical marginal
investment indicators rather than total system costs®. They are two different things yet GenCost is
hailed by government ministers as the authority to dictate the design of the national power grid
through regulations thus bypassing qualified power systems engineers.

This difference in methodology urgently needs reconciliation to avoid misleading information from
continuing to adversely affect national energy policy.

2.0 Cost Modelling Accuracy

Our assessments conclude that the AEMO 2024 ISP Step Change scenario does not represent a viable
grid design for delivering reliable electricity because its proposed storage facilities and baseload
generation capacities are grossly insufficient under worst-case conditions and very expensive.

Appendix 1 to this submission is a top-level modelling analysis of grid reliability, which was submitted
to AEMO last August as part of the IAS consultation process. For this submission, it is updated with the
subsequent release of AEMOQ’s 2024 Electricity Statement of Opportunities (ESOQ), which contains
significantly reduced forecasts for future peak power demands in the Step Change scenario and
reductions in annual energy delivery.

Our top-level capital cost analysis in Appendix 2, which was also provided to the IAS consultation, is
based on whole-of-system modelling using generation and storage capacities from AEMO’s 2024 ISP
and capital cost factors from the draft 2024-25 GenCost. That analysis is more comprehensive because
it takes into account facility lifetimes and estimates for transmission extensions, distribution
infrastructure upgrades, grid stabilisation and disposal.

It is important to understand accuracy versus fidelity in all modelling.

e Accuracy is how well the analysis results predict future reality.
e Fidelity is the degree of detail embraced by the model.

Higher fidelity does not necessarily lead to more accuracy, especially when input data and assumptions
contain great uncertainties.

3 GenCost Section 6.1 P57
4 GenCost Executive Summary Pxi and Figure 0-2 Pxii
5 GenCost Section 2.1.4 P20





We understand that predicting future costs over 25 years is extremely difficult. Changing situations can
lead to errors of hundreds of percent (e.g. Snowy 2.0). GenCost acknowledges uncertainties in costings
but does not quantify all of the impacts to their LCOE outputs.

GenCost’s capital cost factors for generation and storage technologies are estimated by referencing
multiple papers and sources, all of which suffer significant uncertainties. ISP capacity models are based
on predictive modelling of electricity demand, weather impacts and social licence for CER availability
among many variables, all of which contribute considerable uncertainties.

We argue that past experience shows it is prudent to assume that all cost models will exhibit indicative
uncertainties of at least 30-50% and in some cases considerably more. Nevertheless, we suggest that
using a simple top-level whole-of-system model is adequate to assess 25-year cost estimates since the
uncertainties of the input data used by all models over a 25-year period dominates the accuracy of
results, regardless of modelling fidelity.

When used in a comparative manner to assess various design options, most models can be expected
to provide somewhat improved ‘relative accuracy’.

3.0 Capital Cost Factors

GenCost defines future capital cost factors® for various generation and storage technologies. It
observes recent years when freight and raw materials rapidly increased costs. Its use of a 2006 to 2009
price bubble to show prices returned to previous expectations is not entirely realistic since the industry
was much smaller at that time and basic power costs affecting manufacturing have been recently
escalating much more rapidly.

GenCost’s contention that “...inflationary pressures for most technologies and the cost of some...such
as solar PV and batteries are falling again” is contestable. We believe this is only a small part of the
story.

In our view:

e Renewables are now relatively mature technologies after 30 years of intensive development,
thus making assumptions of substantial future cost decreases too optimistic.

e Labour costs have been hit with high inflation recently; these costs are not going to go down.

e The dominance of one country, China, in the entire supply chain for renewables makes higher
future prices likely as competition is stifled and hence deserves more careful analysis.

e Increasing demand in global markets may cause price rises.

e Shipping costs are being hit by increasing fuel costs.

e QOperating costs of renewables are greater than anticipated, as the UK and Germany have found.

e Subsidies for the cheapest form of electricity generation, which surely should not still be
necessary) could be reduced, adding to manufacturing costs.

Compounding the uncertainties in predicting future costs are:

realisation that the extraordinary costs involved are not affordable nor sustainable,

the negative impact on national economies from unreliable intermittent power,

many countries, including the largest, doing nothing or very little, to meet Net Zero goals,

the withdrawal of the US from the Paris Accord,

the mounting market failure of EVs,

recognition that the science of climate catastrophism is overstated and overhyped, and

the severe environmental impacts of solar and wind generation installations being regarded as
unacceptable.

R )

6 GenCost Section 5 P35





The ability to estimate the impacts of these factors is almost impossible, further reinforcing the
substantial uncertainties in all future forecasting.

In our analysis, we bracket future costs by using both better known CSIRO 2024 cost factors flatlined
across the next 25 years and CSIRO’s optimistic capital cost factor projections. The difference in real
total whole-of-system cost estimates (Appendix 2) for the 2024 ISP baseline is about 40%.

4.0 2024 ISP Cost Estimates

The AEMO 2024 ISP provides whole-of-system capacities and recommends the Step Change scenario,
but does a very poor job at estimating whole-of-system capital costs. Its $122 Billion “present value”
estimate is not based on real cash flow costs, which the public understands. Its discounted cash flow
methodology, by 7% per year, amounts to about a 40-50% reduction from real cash flow costs. On top
of that several major cost elements have been ignored.

The ISP explicitly excludes very large costs’ for “..commissioned, committed or anticipated projects,
consumer energy resources (CER), or distribution network upgrades”. All of these costs are impacts on
the economy and must be borne by taxpayers and consumers. There is no justification for ignoring
these major costs and past ‘sunk’ costs for proper comparison of various grid design options.
Evaluation of such a major transition to the mission-critical NEM must be done on a whole-of-system
cost basis, particularly for comparison with alternative options.

It might be argued CER costs are borne by individual home-owners so they do not contribute to power
bills but they are real costs that home-owners pay to obtain the electricity they require. Residential
capacities for solar and battery in the ISP are each 60% of all solar and battery capacities respectively.
They constitute the largest fraction of the total transition cost, particularly since home batteries are
more than double the unit cost of utility scale batteries®. Amortised over expected lifetimes
respectively of 20 years and 10 years respectively, solar panels and batteries can easily double the
home-owner’s total energy bill.

The non-inclusion of commissioned, committed and anticipated projects in the ISP refers to
transmission grid projects. The apparent ISP write-off of these so-called “sunk” costs is completely
unjustified for proper disclosure and comparison of alternative options because transmission lines
needed for renewables are largely unnecessary for alternative grid designs.

The cost of required upgrades to local low voltage distribution networks to accommodate CER is
ignored by the ISP. Without these upgrades, local voltage instability risks exceeding network standards
causing untold damage to appliances and equipment in homes and businesses. Despite the AEMO
2024 draft ISP promising to address these costs in the final ISP, it simply states: “The ISP assumes
upgrades and other investments needed to enable distribution networks and their operation will occur
through other mechanisms....” °

The failure to consider these costs distorts the GenCost analysis.

The evident failure to consider all costs in the ISP does a great disservice to the country and the public.
The public deserves to know the real total costs involved in the transition of the NEM to renewables
and its proper comparison with alternative options.

72024 ISP Section 7.1 P74 footnote 33
8 GenCost Section 5.3.13 P51
92024 ISP Executive Summary (P8)





5.0 Integration Cost Estimates

The conceptual approach embodied in GenCost is to calculate investment costs in individual
technologies. It recognizes that intermittent and variable renewable energy (VRE) make grid reliability
impossible without support from other resources, either baseload generation and/or storage™®.

The complex modelling techniques are described in general terms but lack enough detail to make
detailed conclusions. The following subsections provide comments on particular issues.

5.1 Ensuring System Reliability

GenCost states!! that “An electricity system model is applied to determine the optimal investment to
support each VRE share” and “We incorporate the uncertainty in variable renewable production by
modelling nine different weather years, 2011 to 2019”.

It further states®? that ”..costs of VRE share scenarios were compared against the same counterfactual
weather year to determine the additional integration costs of achieving higher VRE shares” and “..We
use the maximum cost across all (nine) weather years as the resulting integration cost on the basis that
the maximum cost represents a system that has been planned to be reliable across the worst
outcomes from weather variation.” We hold serious reservations about the validity of this process.

Since GenCost is a collaborative project between CSIRO and AEMO, it is possible that the electricity
system model referred to is AEMO’s model and that running simulations of the model across nine
historical years (2011-2019) is the basis of this analysis. This approach is highly problematic regarding
the assumption of reliability due to the following facts:

1. IESP has made multiple submissions to AEMO and the Senate Select Committee on Energy
Planning and Regulation that demonstrate the ISP fails to show that the grid design is reliable.
See Appendix 1 for details.

2. The nine historical years do not necessarily encompass worst-case conditions as data from
2010 and more recent years, and from overseas locations, demonstrate. Wind droughts
coincident with regular solar outages during about 16 hours every day across the entire NEM
and substantial solar reductions due to daytime clouds constitute a frequent common-mode
failure over lengthy periods affecting the entire grid. Extra transmission lines cannot distribute
power that does not exist; storages are too expensive and the ISP is grossly under-equipped.

3. The ISP’s “exploratory”*® use of an electricity simulation model'* allegedly demonstrating
reliability of the design in an eight-day period of VRE drought is fraught with unrealistic
assumptions:

a. Reduced VRE outputs due to weather were not worst-case conditions for the simulation.
The 2024 ISP actually states™ “.future weather may not replicate the past, especially with
climate change, so there may be longer and more widespread renewable droughts.”

b. Past profiles of VRE production cannot be assumed to adequately represent future VRE
production due to major differences in geographic sitings.

c. The daily demand profile® showing a drop in consumption overnight by about 30% is highly
contestable. Future demands for overnight EV charging were predicted in the 2023 ISP as

10 GenCost Section 6.2.1 P58 and Section 6.2.2 P60

11 Section 6.22 P60

12 Section 6.6.2 P62

132024 ISP Appendix 4 NEM resilience through prolonged VRE droughts P25

142024 ISP Section 6.5 Reliability and security in a system dominated by renewables Figure 24 P72
152024 ISP Section 6.5 System reliable during peak demand and renewable droughts P72

162024 ISP Appendix 4 Section A4.2 The NEM’s demand profiles will continue to evolve P13
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having a flattening effect. Growing demands for data centres and other businesses needing
24-hour reliable power will also flatten overnight demand.

d. The ISP admits that the simulations assumed “..NEM is projected to operate all available
dispatchable resources (predominantly deep storages and gas)”*’, thus making no allowance
for a dispatchable reserve margin (DRM) to guard against facility outages, which we have
advocated should be at least 20%. Our Reliability Assessment (Appendix 1) indicates that
2030 DRM in worst-case conditions of no solar and wind power will be minus 16% at night
and as much as minus 30% in daytime, a guarantee of blackouts. In fact, it also states® “In
this simulated test of extreme weather resilience, no USE (unserved energy) was forecast,
although any additional unplanned outages beyond those modelled may cause reliability
concerns.”

This simulation approach is not proper system engineering design; it is an inappropriate illustration.
DRM is the primary design parameter which determines reliability. This is underpinned by the fact that
2024 DRM under worst-case of no VRE was just 6%, down from 20% in 2019. The fact that AEMO was
required on multiple occasions to issue public (Lack of Reserve) warnings of power shortages is
testimony to this reality. The fact that NSW and VIC governments have been forced to strike secret
deals with coal generators to keep them operating well beyond their planned (forced) shutdowns is
further reinforcement. The 2024 ISP grid design is simply not fit for purpose.

Figure 3 from the 2024 ISP Appendix 4 below illustrates the assumed daily profile projected into the
future. By 2050, the peaks in early evening fall about 22% by early morning compared to about 30%
currently.

ISP Appendix 4 speculates'® that “The daily demand profile is forecast to change significantly by 2039-
40, as a result of growth in..” EV charging (which it suggests may be shifted to midday by time of use
tariffs just when most people are likely to be needing their EV), electrification of home gas appliances,
distributed PV system uptake and potential hydrogen production (and data centre demands). A great
deal of uncertainty remains regarding future daily demand patterns, yet AEMO modelling incorporates
this profile into its simulations of future grid performance.

Figure 3  Operational sent-out demand average time-of-day forecasts, summer and winter, Step Change,
2024-25 to 2049-50 (GW)
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In the case of the daily demand profile, the best and most conservative approach is to assume a
constant demand at peak, which we use in our analyses. Anything else would require a detailed
analysis demonstrating a very high probability that the future demand profile will not exceed a given
profile, and which would need a significant built-in safety margin.

The occurrence of severe VRE droughts is not as rare as the ISP states®® “The timing, severity and
duration of prolonged dark and still weather conditions over a wide area are difficult to forecast,
and indications are that these events are very rare.” Consider the incontestable fact that solar falls to
zero every single overnight period from about 4 pm to 8 am the following morning. Adding more solar
farms is no solution when there is no sun, yet it is frequently advocated!

Then consider historical wind conditions using AEMQ’s own data. Wind power over the entire NEM
varies rapidly from zero to far above average at all times of day and night. The data across the whole
east coast shows it frequently remains at zero (or very low) for periods from a few hours to several
days. When NEM wind droughts occur during the 16 hours of zero solar power every day, VRE is zero
or very close to it — these events happen frequently and are worst-case conditions. In addition, there
are seasonal effects in weather patterns which can reduce solar and wind power well below average
for months.

With so little storage (and insufficient resources to recharge it) and dispatchable generation in the ISP,
blackouts are a certainty.

A fundamental shortcoming in the ISP appears to be lack of a clearcut definition of worst-case
conditions to drive grid design for achieving reliability. The ISP design lacks necessary rigour, appearing
to based more on hope and optimism than hard facts. Basing GenCost VRE integration costs on AEMQ’s
inadequate model risks underestimation by a large amount.

5.2 Proper High Reliability System Design

IESP’s submissions on reliability conclude the ISP shows little understanding of high reliability system
engineering practice (a conclusion AEMO denies) and that this reflects poorly into the GenCost report.
A key design principle is absolutely critical:

A high-reliability system design must be based on worst-case conditions and then
incorporate a margin of safety on top to guard against possible degradation of system
capabilities.

Lives depend on getting engineering designs for high reliability right, whether it is a jetliner, a bridge,
a building or a power grid. There are massive consequences for reliability failure.

The commercial aviation sector is particularly instructive. Hard lessons learned over decades have
made it one of the most reliable transportation systems, governed by independent regulatory
certification bodies. Two examples are worth noting:

1. A jetliner is loaded with enough fuel to make it to its destination even when encountering
worst-case head winds due to weather, then a safety margin is added to allow the plane to
divert to another airport in case of an outage at its destination.

2. Jetliners are structurally designed to safely resist worst-case loads due to weather turbulence
and a substantial margin is added to ensure any degradation in structural strength during its
lifetime will not endanger its safety. (The Comet jetliner in the early 1950s suffered two mid-
air catastrophes from unsuspected metal fatigue leading to improved design practices across
the entire aviation industry.)

202024 ISP Appendix A4 NEM resilience through prolonged droughts P25
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Surely, the reliability of the NEM, which affects the entire economy, national security, jobs, well-being
and the cost-of-living of all people, is just as important as it is in the aviation industry. IESP’s submission
to the Senate Select Committee on Energy Planning and Regulation advocated for the establishment
of an independent regulatory certification agency with full technical and financial design analysis
capabilities to hold AEMO accountable for the viability and safety of the NEM. It is a pity that this was
not pursued in the final report.

5.3 Temporal Applicability

It is noted that VRE integration costs are modelled only for the 2030 LCOE case. Major subsequent
growth in the grid design alters the balance of capacities in the NEM (per the ISP) thus leaving open
the question of the applicability of the conclusions applicable to subsequent years.

5.4 Free Existing Capacities

The basic GenCost framework assumes free access to existing capabilities?! for back up. This may apply
for a system operating at non-peak conditions but system design must instead be based on absolute
worst-case conditions, as detailed above and in Appendix 1. This logically leads to the fact that to
achieve reliability, all dispatchable (i.e. flexible) resources are employed for back up under peak
conditions and an adequate dispatchable reserve margin is maintained to guard against facility
outages. This most certainly does not lead to low integration costs as claimed by GenCost. It would be
unrealistic to plan to add a certain amount of VRE and assume that the flexible resources are in surplus
and therefore can reduce the added integration costs.

5.5 Facility Lifetimes
Some of the facility lifetimes provided in GenCost’s Appendix B Table B.9 require examination.

The assumed lifetime of 30 years for solar and 25 Years for wind are somewhat optimistic. Solar
outputs degrade by about 2% in the first year and 1% per year thereafter although there is considerable
variation. This reduces outputs by about 20-30% respectively after 20-30 years. Damage (e.g. hail
storms) can also impact average lifetime. Solar farms will consider replacement when outputs can no
longer deliver adequate returns. Lifetimes of 20-25 years have been widely used in many reports.

Wind turbine outputs degrade at about 1.6% per year according to a study of 292 wind farms in the
UK.22 Similar results were found by Lawrence Berkeley National Laboratory in a study of US wind farms,
noting decline becoming steeper after ten years. Given the challenging conditions of operating
environments and difficult access to the rotating equipment at high elevations, which requires
constant lubrication, wind farm lifetimes are affected by serious failures such blade erosion, bearing
wear out and fires as well as reduced outputs. A submission? to a Senate Select Committee on Wind
Turbines pointed to world wide evidence showing some wind plants are barely managing 10 to 15
years. A more realistic lifetime is 20 years.

Nuclear plant lifetimes are listed in GenCost Table B.9 as 30 years, a figure that is far below reality.
Section 2.1 discusses a 30 year “capital recovery” period as desirable because that would lead to
operation in subsequent years free of capital costs and thus reduce interest costs. The proposed
adoption of a 30-year capital cost recovery period increases LCOE in the first 30 years — somewhat
convenient for comparison with VRE!

21 Section 6.2.1 Framework for calculating variable renewable P58 and Table 6-1

22 stafell and Green, Imperial College How does wind farm performance decline with age. Renewable Energy 66
(2014) 775e786

23 Anton Lang Submission to Senate Select Committee on Wind Turbines
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The apparent mistake made in this GenCost section is that interest costs are compared to capital costs
on a project basis. The reality, as shown in whole-of-system modelling in Appendix 2, is that the total
capital costs required for the baseline ISP model are twice that for the nuclear mix alternative models.
This has not been properly captured in the LCOE process.

Note that GenCost states?* that “it is too early to be able to say what the total operational life is of
more recent technologies such as solar PV and onshore wind.”

5.6 Capacity Factors
Low and high assumptions for GenCost capacity factors require a rigorous review.

The 32% solar capacity factor is close to a theoretical maximum of 33%, given that solar is effectively
at zero output for 16 hours of every day and this does not leave much room for cloud cover and non-
optimum sun angles. A figure of 28% is often used and is still optimistic. According to GenCost note 30
on Page 60, a lower 19% figure is closer to average capacity factor and therefore more realistic.

Wind power capacity factors are unrealistically high and may be based on unusual sites. It is possible
that a particular site, due to specific geographic features may experience very high and steady winds
but that does not translate to a figure to be used for a collection of wind farm sites spread over a wide
geographic area. For example,? the Fosen Vind onshore facility in Norway was projected to have a
39% capacity factor “while United States annual capacity factors from 2013 through 2016 range from
32.2% to 34.7%.” Gencost postulates 29% to 48% for onshore wind capacity factors.

Offshore wind farms experience higher capacity factors due to more favourable and consistent winds.
A Danish offshore wind farm recorded a capacity factor of 47.5% but this does not provide evidence
that all wind farms around the Australian coasts will achieve the same level. Wind farm companies go
to great lengths to survey potential sites for best wind statistics but the many constraints on regulatory
approvals means that not all will have the same capacity factors.

The capacity factors for offshore wind are unrealistic with a low figure of 40% and high numbers at
52%, 54%, 57% and 61% in years 2024, 2030, 2040 and 2050 respectively. These also appear to be
based on extreme outliers, which do not justify the application to a wider deployment of wind farms.

Nuclear plant capacity factors are assumed by GenCost to be in the 53% to 89% range.?® GenCost
rejects US experience showing over 94% as the average of many nuclear plants. Justifying 89% due to
Australian inexperience is unrealistic and using coal plant records as the basis ignores the difference in
some of the technologies and Australia’s track record with Lucas Heights. Furthermore, the nuclear
technologies Australia will install will be more modern than US legacy plants.

Setting the lower figure at 53% is completely illogical by tying it to coal plants that are being
deliberately sidelined (forced to operate at uneconomic low utilisation rates) in favour of renewables
by policies, regulations and taxes. Favouring intermittent renewables over emissions-free nuclear
power would frankly be ridiculous given nuclear’s advantages of long lifetime, reliable outputs,
remarkably lower footprint, minimal damage to and disruption of the environment and dramatically
lower vulnerability to weather and cyber attack. A future grid using nuclear power should prioritise its
maximum utilisation to ensure its economics are as efficient as possible. It ticks all of the boxes and
needs no back up other than a healthy grid DRM.

24 GenCost Section 2.1.3 Allowing other technologies to benefit from multi-stage costing P19
25 Wikipedia
26 GenCost Section 2.2 Nuclear capacity factor range P21
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5.7 Exclusions

GenCost explicitly excludes several very high cost elements?. It states that rooftop solar is excluded
from VRE share. Instead, its effect is to reduce the “demand load shape”. However, consumer PV
resources are 60% of all solar in the ISP. Their total cost, using ISP capacities times GenCost capital cost
factors, to 2050 is $112B and possibly $155B if flat 2024 cost factors apply. On the other hand, utility
solar cost is only is $71B to $104B.

Keep in mind that high reliability deign is driven by worst-case peak demand not some average demand
shape used in a simulation model. The fact that consumer VPPs are expected by the ISP to contribute
significant amounts of power to the grid to satisfy demands makes their exclusion unjustifiable.

The LCOE methodology does not appear capable of factoring in replacement costs for facility lifetimes.
Batteries with a 10 year life, which are installed before 2030 will require replacement twice before
2050 and are the single most expensive cost element in whole-of-system modelling. See Appendix 2.

GenCost also states that “..in 2030, a portion of customer-owned battery resources are assumed to be
available to support the wholesale generation sector consistent with the approach taken in the AEMO
ISP.” It appears that these batteries supporting the grid may be the ‘free resources’ referred to in Table
6-1. The 2024 ISP makes consumer batteries, which cost more than twice per unit of storage than
utility scale batteries®®, 60% of all battery capacity by 2050. Their capital costs to 2050 are $322B to
S463B, the single largest cost element in the ISP, whereas utility batteries cost is $50B to $75B. These
cost figures are simply the capacities listed in the 2024 ISP multiplied by the capital cost figures in
GenCost and include replacements.

The justification for GenCost excluding costs for consumer resources is incomprehensible, unless its
purpose in the ISP is to downplay the real costs of VRE integration. These costs may be free to an
investor but they are being paid for by a vast number of consumers. These exclusions make the
GenCost results entirely questionable for guiding government energy policies.

GenCost also assumes that Snowy 2.0 and battery of the nation pumped hydro projects, various
transmission projects and the Kurri Kurri gas plant are all completed “immediately” for inclusion of
their cost in 2024 estimates and therefore provided free to investors in 2030.%° That is convenient for
investors, essentially making them sunk costs, but does not provide meaningful cost estimates that the
public and government policy makers need. Markets simply do not operate by facility owners providing
free products and services to others.

This assumption is a continuation of a belief among renewables proponents that back-up facilities and
their costs address a purported weakness in the network design and are not chargeable against the
highly variable and intermittent power facilities. Conventional baseload generation does not require
back-up facilities. The lack of responsibility of VRE to provide power as and when needed by consumers
is a fundamental error in energy policy. No sensible power systems engineer would willingly choose to
employ intermittent and highly variable power generators dependent entirely on weather. And neither
would expensive battery storages, which would require massive increases in VRE to recharge them, be
considered.

5.8 Transmission and Stabilisation

GenCost provides transmission costs in 2030 for REZ expansion and other reasons of $5.30/MWh and
$4.20/MWh respectively. These estimates appear reasonable given the 2024 ISP identification of the

27 GenCost Section 6.2.2 Key assumptions P60
28 GenCost Section 5.3.13 Battery Storage P51
2% GenCost Section 6.2.2 Key assumptions P62
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requirement to build 10,000 km of transmission lines. However, grid stabilisation facility costs are not
explicitly explained.

5.9 Distribution Networks

Low voltage distribution networks require substantial upgrading to handle very large load variations
introduced by CER, which cause voltages to swing beyond standards thus risking consumer appliances
and equipment connected to the grid. The 2024 ISP ignores this cost completely as does GenCost. We
estimate this will cost S78B to $156B in the next 25 years compared to $35B to $55B for transmission
lines. Amortised over 30 years with projected energy delivered, it amounts to about $11/MWh to
$22/MWh. It must be emphasized that this cost is driven by the need to place VRE assets in homes
and businesses and then harvest power into the grid from VPPs. It is not required by all other forms of
baseload generation. It is a VRE integration cost.

5.10 Disposal, Recycling and Remediation

The ISP does not make any mention of disposal, recycling and remediation costs associated with VRE.
GenCost explicitly states® that its costs do not include plant decommissioning and recycling.

Given that rural residences are currently reaching a state of high anger concerning installation of
transmission lines, solar farms and wind turbines, it is now clear in media reporting that developers
have no obligation for set asides to cover these costs and once a plant comes to end of life, the
company is usually wound up leaving land owners to cover substantial costs to decommission and
restore their property.

These costs are difficult to model but we estimate them as much as $26B to $52B over the next 25
years. There is a good chance that governments will be forced to impose these costs on developers.

5.11 Spillage

GenCost puts a cost on spillage, the amount of energy by which VRE is capable of supplying minus the
delivered energy. It notes the method of calculation! and computes a figure of $15.10/MWh in 2030
with a 90% VRE share. It is instructive to compare it to the 2024 ISP’s 2030 design. We calculate that
the 2030 ISP VRE is capable of delivering 240 TWh at capacity factors of 28% and 33% respectively for
solar and wind compared to forecast demand consumption of 187 TWh. The actual delivered VRE
energy, assuming 50% capacity factor for baseload sources, amounts to 121 TWh, a spillage factor of
about 50%. i.e. the implication is for a doubling of the LCOE which is based on delivered energy not
average capacity.

The same calculation for the 2050 design is for a VRE share of 85% but a larger overbuild in ISP
capability results in a spillage factor even larger at 55%. These figures represent the actual ISP design,
not some theoretical model. How does GenCost reconcile this large discrepancy?

6.0 Whole-of-System Cost Modelling

The whole-of-system cost modelling in Appendix 2 is based on the use of 2024 ISP figures for
generation and storage capacities for 2024, 2030, 2040 and 2050. These are multiplied by projected
draft 2024-25 GenCost capital cost factors to obtain optimistic (low) capital cost estimates. A second
set of estimates using flat GenCost 2024$ capital cost factors is used to provide high capital cost
estimates.

Added to these cash flow estimates are modelled costs for transmission, stabilisation, distribution
networks and disposal. These costs are more inclusive than those indicated in the draft 2024-25

30 GenCost Section D.4.4 potential cost factors not included P99
31 GenCost Section 6.2.2 P64 note 36
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GenCost for LCOE analysis and the 2024 ISP. It must be kept in mind that the baseline model (Step
Change) of the 2024 ISP has been shown in Appendix 1 to have large negative DRMs indicating gross
unreliability.

Appendix 2 provides two alternative models attempting to rectify the unreliability of the ISP, using
extra gas generation and battery storages respectively, to obtain positive DRM at 20% or above. It also
presents models of four mixed technology grid design alternatives per the Table 1 below.

The results of this whole-of-system modelling analysis are shown in Figure 1 below for both real cash
flow costs and present value discounted cash flow by 7% annually. Both high and low estimates are
presented to provide a bracket of uncertainty.

A summary of the whole-of-system analysis in Appendix 2 is as follows:

1. The 2024 ISP baseline capital cost estimate exceeds one trillion 2024 dollars and is far larger, by
a factor of about two, than any of the four grid design alternatives. Real cash costs are also
about twice the computed present value estimate, which itself is about four times the estimate
of $122 billion present value stated in the 2024 ISP.

2. The least expensive modification for improving the reliability of the ISP baseline design is to add
significantly more gas generation, more than tripling it; the cost of augmenting with batteries is
so expensive, it is simply unaffordable.

3. The gas dominant alternative model is the lowest capital cost but would have significant
operating costs for fuel. (Note the baseline model also has gas generation fuel costs.)

4. Coal is the next lowest capital cost but has both coal and gas fuel costs. (Note the baseline
model also has gas generation fuel costs.)

5. The two nuclear alternatives are slightly higher in capital costs but have very low fuel costs and
offer increased lifetime of about 80 years.

Model Coal Gas Hydro Nuclear Solar Wind
1 Gas 0% 56% 8% 0% 37% 0

2 Coal 39% 17% 8% 0% 36% 0%
3 Nuclear/solar 1 0% 26% 8% 30% 37% 0%
4 Nuclear /solar 2 0% 16% 8% 40% 37% 0%

Table 1 Alternative Whole-of-System Configurations by 2050

2025 Baseline and Comparative Total Capital 2025 Baseline and Comparative Present Value
4000 2000
B CSIRO Projected | | CSIRO Projected
3500 1750
B CSIRO 2025 Flat m CSIRO 2025 Flat
3000 < 1500 r
c 2
S50 = 1250
= o
0 2000 U*1000
wr
1500 750
1000 500
P 7 mimmn
0 b . |
Baseline Baseline Baseline 56%Gas 39%Coal 30% Nucl 40% Nucl Baseline Baseline Baseline 56%Gas 39%Coal 30% Nucl 40% Nucl
ISP plusGas  Plus  8%Hydro 17%Gas 26%Gas 16%Gas ISP plusGas Plus 8%Hydro 17%Gas 26%Gas 16%Gas
Storage 37%Solar 8%Hyd 8%Hyd  8%Hyd Storage 37%Solar 8%Hyd 8%Hyd 8%Hyd
36%Solar 37%Solar 37%Solar 36%Solar 37%Solar 37%Solar

Figure 1 Whole-of-System Capital Cost Estimates
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These results are probably no more or no less accurate than other models. However, the consistency
of method applied to multiple grid design cases, likely gives improved relative accuracy. This analysis
is founded on explicit ISP grid design data for the 2024 ISP baseline Step Change model and uses
capital cost factors from the draft 2024-25 GenCost report.

The disparity between both the baseline model and baseline augmented with gas generation model
as compared with the four alternative design models is a factor of about two — large enough to
strongly indicate a valid result despite inherent uncertainties in model accuracy.

In light of these results, CSIRO should re-evaluate the LCOE methodology to explain why it indicates a
result suggesting the complete opposite of whole-of-system analysis.
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Appendix 1 - The AEMO 2024 ISP Will Not Deliver Reliable Power
AEMO’s numbers just do not add up

A Report by Independent Engineers, Scientists and Professionals 11 August 2024 v3

Introduction

Our 9 February 2024 submission to AEMO and CSIRO concerning the draft ISP identified serious
potential reliability problems resulting from AEMO'’s electricity grid design. Our inputs were largely
ignored.

The final version of the ISP, released on 26 June 2024, essentially reveals the same deeply flawed model
of the NEM electricity grid.

Failure to Address Clearly Stated Reliability Issues

AEMO'’s ISP suffers from severe deficiencies in capacities of both energy storage and baseload back up
power, starting in the next few years and lasting throughout the entire period to 2050. It shows no
evidence of rigorous system design engineering required for high reliability systems based on worst
case conditions and healthy reserve margins.

By 2030, the dispatchable reserve margin falls from historic levels in excess of plus 20% to minus 15.9%
and in subsequent years it is substantially worse. It cannot deliver adequate power when NEM-wide
grid demand is maximum, when overnight solar is zero and wind output is close to nothing.

The negative reserve margin provides no allowance for facility outages for maintenance and repairs
and leads to blackouts when demand peaks. The grid design also suffers from insufficient power
capacity to quickly recharge the energy storages in order to prepare for the next set of worst-case
conditions.

AEMO'’s own historical NEM data demonstrates periods of very low renewable energy production
lasting 3 or more consecutive days and dramatic falls occur multiple times in a month. Periods of
several months, when wind and solar outputs are well below long term averages, are evident in both
Australian and overseas data. May 2024 witnessed several major wind droughts.

The energy storage capacity in the ISP is too low by at least a factor of ten. Adding more batteries and
additional renewable generation to recharge them is completely unaffordable.

Deceptive Data Concerning Dispatchable Power

Figure 2 in the ISP is a graphical chart showing power from various generation sources and storages by
year until 2050 (see next page).

It shows impressive growth to 2050 but almost all growth is in renewables, which have very low
capacity factors (25-32%). Similarly, energy storage outputs show remarkable growth but most of these
provide power for just a few hours. Much of it is from coordinated home resources which are uncertain
and cost almost twice that for utility scale batteries. The dispatchable black line climbs to above 75
GW by 2050 but in truth, it is meaningless because much of it cannot be used to back up the grid when
solar and wind power are largely absent for periods of 16 hours overnight, multiple days and
significantly below average for periods of months.
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This deceptive portrayal is merely a summation of maximum power outputs from all sources. A truthful
depiction would, as a minimum include warnings to the effect that renewables provide less than one
third of maximum power on average and not all dispatchable power provides practical levels for grid
back up.

Figure 2.4 in our submission (see below) provided an alternative version of this chart showing the true
dispatchable power over various periods based on ISP data for energy storages (ISP Figure 20). By 2040,
the dispatchable power of AEMQ’s ISP design falls to just 30 GW for backup durations of one week but
at the same time it indicates that for 16 hours overnight, it is only 37 GW. However, a proper
engineering design with a 20% dispatchable reserve margin will require over 62 GW by 2040.

Figure 2  Capacity, NEM (GW, 2009-10 fo 2049-30, Step Change)
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Figure 2.4 Dispatchable Power Capacity vs Grid Design as a Function of Duration

A Whole-of-System Power Budget Shows Failure of Reliable Power at Night

A whole-of-system power budget is fundamental to understanding the viability of the AEMO ISP and
making a counterpoint to the CSIRO GenCost report, however, the ISP provides no system level power
budget. In fact, the ISP does not contain any data on maximum demand. Instead, it forecasts average
annual energy production figures. This is no way to design a high reliability system.

Proper high reliability engineering design requires use of real worst-case conditions plus a margin for
facility outages for maintenance and repairs. A whole-of-system power budget (table on the next page)
is based entirely on AEMQ’s ISP data.

The power budget is updated with August 2024 ESOO maximum grid demand data (v3).

We show that by 2030, the dispatchable reserve margin falls to minus 15.9% on a single 16-hour
overnight period when solar and wind fall to zero and baseload sources are run at full capacity. Any
facility outages for maintenance or repairs will make this figure worse. There is simply not enough
baseload power nor energy storage capacity.

To restore the dispatchable reserve margin to at least plus 20% would require an additional 15.3 GW
of baseload or equivalent stored energy outputs in 2030, rising to 19.5 GW in 2040.

In the event of multiple day wind and solar drought conditions, there is not sufficient surplus power
during daytime to completely recharge expanded energy storages sufficient to handle another
overnight period under worst case conditions. This was evident in the ISP’s 8 day simulation of non-
worst case conditions (see below).
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Blackouts are inevitable. The AEMO ISP cannot deliver reliable power under worst case conditions.

This is not a matter requiring fine tuning of the grid design. It is a massive failure.

2024 Final ISP Top-Down Whole-of-System Power Budget

AEMO NEM Grid Design per 2024 FINAL ISP

Worst Case & 20% Reserve Margin 2024-25 2029-30 2039-40 2049-50
24 hr Top-level Whole-of-System Power Budget Capacity Night Daytime|Capacity Night Daytime|Capacity Night Daytime |Capacity Night Daytime
Duration hours 16 8 16 8 16 8 16 8
NEM Power Demand GW GW GW GW GW GW GW GW
10% POE Max Demand (ESOO 2024) Relative to 2023| 2.3% 40.0 40.0 -4.0% 42.6 42.6 -12.2% 45.9 45.9 -13.8% 47.6 47.6
Dispatchable Reserve Margin 20% 8.0 8.0 8.5 8.5 9.2 9.2 9.5 9.5
Total Power Design Regquirement 438.0 48.0 51.1 51.1 55.1 55.1 57.1 57.1
Power Sources (Fig 2 2024 ISP) Capacity Factors |Capacity Delivered Capacity Delivered Capacity Delivered Capacity Delivered
Baseload Power Night Daytimg GW GW Gcw GW GW GW GW Gw GW Gw GW GW
Coal - Black & Brown 100% 100% 21.2 21.2 21.2 11.44 11.4 11.4 0 0.0 0.0 0.0 0.0 0.0
Gas - Mid Merit & Flex 100% 100% 12.6 12.6 12.6 11.62 11.6 11.6 15.89 15.9 15.9 15.0 15.0 15.0
Additional Flex Gas 100% 100% 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0
Hydro 100% 100% 6.84 6.8 6.8 6.84 6.8 6.8 7.14 7.1 71 7.07 7.1 71
Biomass 100% 100% 0 0.0 0.0 0 0.0 0.0 0.45 0.5 0.5 0.45 0.5 0.5
DSP (Info only) 0 0 0 0.00
Total Baseload Dispatchable 40.6 40.6 40.6 29.9 29.9 29.9 23.5 23.5 23.5 225 225 225
Energy Storage (Fig 20 2024 ISP) GWh GWh GWh GWh
Snowy 2.0 + Borumba 0.0 349.80 397.75 397.75
Deep 6.27 6.27 54.44 77.81
Medium, Shallow, Coord CER 12.27 55.27 104.85 170.42
Total Storage Capacity 18.5 411.3 557.0 646.0
Capacity Delivered Capacity Delivered Capacity Delivered Capacity Delivered
Storage Max Power Capacity GW max GW GW GWmax GW GW GW max GW GW GW max GW GW
Snowy 2.0 + Borumba 0.0 0.0 2.2 2.2 4.2 4.2 4.2 4.2
Deep (limited by max power output) 0.25 0.25 0.25 0.25 1.41 141 2.48 2.48
Medium, Shallow, Coord CER (avg output overnight) 3.71 0.8 19.2 3.5 34.2 6.6 42.63 10.7
Total Max Storage Power 4.0 21.65 39.81 49.3
Avail. Storage Power Dispatchable 1.0 0.0 5.9 0.0 12.2 0.0 17.3 0.0
Total Dispatchable Power 41.7 40.6 35.8 29.9 35.6 235 39.8 225
Surplus/Deficit(-) wrt 10% POE Demand 1.6 0.6 -6.8  -12.7 -10.3 22,5 -7.7 -25.1
Dispatchable Reserve Margin 4.1% 1.5% -15.9% -29.7% -22.4% -48.9% -16.2%  -52.7%
VRE Renewables (Fig 2 2024 ISP) Capacity Factors | Capacity Delivered Capacity Delivered Capacity Delivered Capacity Delivered
Night Daytimg GW GW W GW GW GW GW cw GW cw GW GW
Wind: Onshore 0% 0% 13.0 0.0 0.0 39.3 0.0 0.0 51.9 0.0 0.0 59.5 0.0 0.0
Wind - Offshore 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 9.0 0.0 0.0
Solar Utility 0% 0% 9.5 0.0 0.0 15.6 0.0 0.0 31.2 0.0 0.0 58.3 0.0 0.0
Solar Distributed VPP 0% 0% 235 0.0 0.0 36.1 0.0 0.0 60.2 0.0 0.0 85.7 0.0 0.0
Non-dispatchable VRE 46.0 0.0 0.0 90.9 0.0 0.0 152.2 0.0 0.0 212.5 0.0 0.0
Total Dispatchable + VRE Power 41.7 40.6 35.8 29.9 35.6 23.5 39.8 22.5
Surplus/Deficit(-) wrt 10% POE Demand 1.6 0.6 -6.8  -12.7 -10.3 -22.5 -7.7 -25.1
Efficiency Gw GW GW GW
Req'd Daytime Recharge Power 80% 2.5 14.8 30.4 43.3
Avail. NEM Daytime Recharge -6.2 -17.6 -26.4 -28.8
Recharge Power Surplus/Deficit{-) -8.7 -32.4 -56.8 -72.1

AEMOQ’s Attempt to Demonstrate System Reliability is Misleading

In Section 6.5 “Reliability and security in a system dominated by renewables”, the ISP acknowledges
the challenge as renewables approach 100% of generation. But it claims: “Consumers should be

confident that the NEM’s mix of technologies will keep electricity supply secure and reliable during
normal operation, extreme peak demand and renewable droughts.”

In the ISP, Figure 24 (p72) attempts to illustrate operability through an eight-day renewable drought
for the “NEM except Queensland”. ISP Appendix 4 (Figure 15 p 26) reveals that this simulation test

involved an “extended VRE drought event running from 21 June 2040 to 28 June 2040 (reflective of
conditions observed historically in June 2019).”
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Figure 24 Operability through eight-day renewable drought, NEM except Queensland
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This one-off test looks impressive but is merely an illustration far short of what a proper engineering
analysis would require. A detailed examination of the data behind this test revealed the following:

1. It assumes imports of power from QLD, yet represents it as a partial system.

2. It assumes maximum power continuously from all dispatchable resources. i.e. no facility
outages.

3. It assumes not-so-extreme VRE drought conditions were for 6 days not 8 as indicated by the
light green wind data in the chart.

4. It assumes wind capacity factor was 10% in daytime; 13% overnight — not worst case.

It assumes solar capacity factor was 13-15% - not worst case.

6. Non-daytime grid demand in early evening was about 32 GW, afterwards decreasing by 31%
to 22 GW; this profile is highly speculative in the face of increasing EV demand for overnight
charging; no amount of social licence will be gained by draining EV batteries into the grid at
night and forcing owners to recharge them during the day; worst case is a flat maximum
demand.

7. The ISP admits that “reliability risk would be “elevated”, particularly if major generator or
transmission outages occur” i.e. no facility outages were taken into account.

4

These are certainly NOT rigorous worst-case conditions. Instead of illustrating the reliability of the NEM
grid design, this test indicates the extent to which the AEMO ISP misrepresents its viability. A close
look at this chart shows no reserve margin at all — every night of the 8-day “drought” shows the very
low load being exactly met by all dispatchable sources at 100% and 13% wind - no reserve margin at
all, unlike daytime when solar exceeds load. In fact, this fortuitous result looks somewhat contrived.

This highly dubious simulation test has more to do with marketing than proper system engineering.

Conclusions

Despite its impressive appearance, the ISP contains fundamental technical drawbacks. From an
engineering perspective, the AEMO ISP is seriously flawed and fails to provide assurance that the NEM
grid design has been developed in accordance with modern system engineering principles for high
reliability systems.

We therefore conclude the AEMO ISP, which underpins the entire national economy, will not serve
Australian consumers and businesses with reliable electrical power. It is clear this plan has been driven
by changes to National Electricity Rules by non-technical politicians and bureaucrats to set artificial
goals for renewables divorced from engineering realities.
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It is critically important and urgent that an ongoing review process be implemented with advice and
input by independent experts to oversee AEMO and CSIRO work on the future NEM.

It is beyond time for AEMO to state clearly its worst-case design criteria, worst-case demand and
minimum dispatchable reserve margin capable of providing usable outputs for periods of many days
not hours. AEMO must then provide proper systems engineering analysis showing grid performance
under these conditions.

It is painfully necessary to conclude that the AEMO ISP is either deliberately misleading or fails due to
incompetence. Neither is acceptable in leading a transition which will likely end in disaster for the
entire economy. We have no knowledge of the qualifications of AEMOQ’s staff but it seems plausible
that AEMO’s operational success over the years must be due to highly qualified power systems
engineers. The truth for this failure must be uncovered.
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Appendix 2 - The Missing Whole-of-System Cost Model in the AEMO
2024 ISP

The Real Cost of the NEM Transition
A Report by Independent Engineers, Scientists and Professionals 31 July 2024 v3

Summary

The government has not provided a true estimate of cost for AEMO’s plan to transition the NEM to
intermittent wind & solar, yet it claims adding reliable nuclear and gas power generation is too costly.

AEMO published its 2024 Integrated System Plan (ISP) in June. It contains only one paragraph®? to
indicate annualised capital costs as either $122 billion present value, not including “commissioned,
committed or anticipated projects, consumer energy resources, or distribution network upgrades”. This
unrealistic, poorly defined estimate needs much clarification.

The whole-of-system analysis in this report, draws on 2024 ISP capacities for generation and storages
and CSIRO draft 2024-25 GenCost cost factors®. It shows total capital costs for the 2024 ISP at over one
trillion dollars — for a system unable to deliver reliable power®*. This is about twice the capital costs of
four alternative grid designs using gas, coal and nuclear. When fuel costs for gas and coal are considered,
nuclear plus gas designs are likely to be the least costly of all options.

A More Comprehensive Capital Cost Analysis

The whole-of-system cost charts in Figure 1 below provide both real total capital and present value for
a top-level model of the planned NEM grid transition, showing a present value more than four times
higher than the 2024 ISP figures. Estimates include both CSIRO’s somewhat optimistic declining future
capital cost factors and its flat 2024 cost factors to reflect uncertainties in forecasting. The Baseline 2024
ISP estimates include all generation and storage costs including consumer energy resources,
transmission lines, distribution network upgrades and other support costs to reflect the total costs to
the economy.

Extending the Baseline ISP with additional gas or storage to overcome the major unreliability of the ISP’s
design incurs extra costs and makes clear that ‘firmed renewables with batteries’ are unaffordable. Four
alternative designs using gas, coal and nuclear provide comparisons. The results, based on AEMO and
CSIRO data, show that the present transition plan is the most-costly approach by a large margin.
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Figure 1 AEMO 2024 ISP Baseline and Comparative Whole-of-System Capital Costs in 2024 dollars.

Conclusions

1.

Our analysis of the ISP uses a proper high reliability systems engineering approach to assess a 24-
hour cycle under worst-case conditions of maximum demand, wind and solar droughts and the
need for a minimum 20% dispatchable reserve margin (DRM)3 to guard against facility outages. A
whole-of-system ‘Baseline ISP’ power budget using 2024 ISP capacities shows the DRM at minus
15.9% by 2030 and falling lower by 2040. Widespread and frequent blackouts are certain.

Adding battery storages and extra wind & solar to recharge them (‘firmed renewables’) to achieve
20% DRM overnight results in completely unaffordable total capital costs of several trillion dollars
and provides storage for just one 16-hour overnight period. And it still leaves daytime DRM
massively negative. Battery storage capacity for one week requires $5-7 trillion. Replacements every
decade would cost upwards of $3.5 trillion. This is simply not a viable path.

Alternatively, adding gas to existing hydro to essentially duplicate the grid when wind and solar are
in drought requires a not-insignificant additional capital cost of $30-60 billion. It would provide
continuous backup capability but operate at lower utilisation making its economics unattractive.
The four alternative grid designs are 56% gas plus 8% hydro & 37% solar, 39% coal plus 17% gas, 8%
hydro & 37% solar, 30% nuclear plus 26% gas, 8% hydro & 36% solar, and 40% nuclear plus 16% gas,
8% hydro & 37% solar. They provide reliable 24/7 power with less than about half the capital costs.
The nuclear options, with lifetimes up to 80 years lasting far beyond 2050 compared with wind and
solar, minimise costs for gas and probably reduce emissions to less than the Baseline ISP, once
whole-of-life emissions for mining, processing and manufacturing of almost 900 times more
material is taken into account. All four alternatives impose a tiny environmental footprint compared
to the 1.6 million hectares for the Baseline ISP design maximising wind & solar.

It is clear that contrary to continual claims that wind & solar are the cheapest form of electricity
generation, it is in fact the most expensive when proper whole-of-system estimates are made. The
present plan for transition of the NEM is disastrous in terms of reliability, cost to the economy and
in particular to the environment, without being a path to the lowest emissions.

The alternative cost models assume wind & solar installations taper off after 2030. At additional
cost, some solar generation can be maintained in the long-term grid design.

Recommendations

1. A thorough investigation by independent authorities must be commissioned and immediate
start be made to implement effective accountability mechanisms to counter the complete failure
of public energy policy regarding reliability and energy costs based on misleading information
from public institutions.

2. The AEMO ISP and CSIRO GenCost documents must be subjected to higher genuine standards
for truthfulness, completeness and professional engineering processes in place of slavishly
following flawed existing policies.

3. Embedding wind & solar targets into the National Electricity Rules must be halted to end the
replacement of power systems engineers by politicians and government bureaucrats without
proper engineering qualifications selecting technological design solutions.

4. Independent expertise for frequent technical and financial review must be employed in new on-
going accountability processes at multiple levels and points in time with a mandate to examine
and openly examine a wide range of technological approaches.

5. The AEMO 2024 ISP must be discarded and an immediate start be made on a new energy NEM
plan considering all power system technologies.

35 DRM is the sum of baseload power over maximum demand. In 2019 the DRM was plus 20% (AER)
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Attachment A Estimation Methodology

A

The AEMO 2024 ISP provides the data (Figures 2 and 20) regarding NEM capacities of all
generation (GW) and energy storages (GWh) in 2024-25, 2029-30, 2039-40 and 2049-30.

The CSIRO draft 2024-25 GenCost report (Section 5.3) provides projected capital cost factor data
(in 2024 dollars) for various energy technologies. This data excludes of all subsidies, offsets and
tax breaks, which nevertheless have to be paid by all consumers in one form or another.

Since the projected cost factors are largely declining and are based on forecasts, which contain
substantial uncertainties, a second estimate using flat CSIRO 2024 cost factors provides higher
cost estimates reflecting potential upsides.

A power budget for each grid design model is based on a 24-hour cycle broken into 8 hours
centred on midday when solar is available and 16 hours overnight when solar is zero. The DRM
is the surplus/deficit of the sum of baseload power over peak demand in each of the 8- and 16-
hour periods. Stored energy is used only during overnight periods to contribute to dispatchable
power; recharging takes place in daytime when solar is expected to be available but is also
subject to weather conditions causing low outputs.

Except for the Baseline 2024 ISP model using only the capacities specified in the ISP, the capacity
data for other models is adjusted to achieve a DRM in each year of at least plus 20% to ensure
reliability in the face of facility outages.

The capital costs of Snowy 2.0 and Borumba pumped hydro facilities are taken from current
government announcements. Costs of passive storages behind the meter are included because
they lower demand while making no direct input to the grid.

The capital costs prior to 2024-25 are estimated using the 2024 ISP capacities and CSIRO draft
2024-25 GenCost cost factors.

. The capital costs for each of three periods, 2024-30, 2030-40 and 2040-50 are estimated as the

sum of the various generation capacities installed in each period plus the replacement for past
installations that have exceeded lifetimes and valued by the cost factor for the mid-point of each
period.

The modelled lifetimes are 10 years for batteries, 20 years for wind and solar, 30 years for gas,
50 years for coal and 80 years for pumped hydro and nuclear.

Costs for existing hydro facilities were not included in any models due to lack of data. Costs for
existing coal plants were not included since they are near end-of-life and being retired.

The present value estimate is derived by applying a 7% per annum pre-tax, real discount rate
applied to capital expressed in 2024 dollars in three periods: 2024-30, 2031-40 and 2041-50 at
mid points.

The demand side participation (DSP) capacity defined by the 2024 ISP is not used since it is
clearly not a source of power but rather a reduction in demand brought about by time-of-use
tariffs and central controls to impose rationing on consumers. i.e. this misguided policy attempts
to make customers serve a deficient grid design rather than the grid delivering power to
consumers as and when required. Social licence is unlikely when the public discovers its
ramifications.

. NEM peak demand is defined by AEMOQ’s 2024 ESOO report for 10% Probability of Exceedance

(POE) loads based on detailed forecasting.

The AEMO ISP’s use of daily demand profiles to demonstrate grid performance is rejected for
use in high reliability system design, which requires worst case conditions. The advent of EV
recharging overnight and data centre 24/7 loads will flatten future demand profiles (according
to the 2022 ISP and supported by surveys which show most EV owners prefer/require overnight
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charging). Incentives (e.g. punishing tariffs) to recharge during daytime when solar power is
often in surplus is highly problematic and unlikely to gain social licence. Worst case system
design must use a flat peak demand. The 10% POE peak demand design requirement provides
further support for a conservative approach to worst case conditions.

O. Other costs applied to all models include transmission lines, low voltage distribution networks,
grid stabilisation facilities, land acquisition for transmission lines (land costs are included in
Gencost cost factors for generators), and an allowance for disposal, recycling and remediation.

P. While the accuracy of this whole-of-system cost estimation methodology is not precise, neither
are all system model projections, which inevitably contain considerable uncertainties in
predicting future costs and demands across 25 years. However, we apply the same methodology
to all seven case models, thus making relative accuracy among them better than absolute
accuracy.

Attachment B Cost Model Notes

Baseline 2024 ISP Case

The Baseline ISP 2024 grid design contains severe deficiencies in both baseload power and energy
storage capacity causing the DRM by 2030 to be minus 15.9% instead the desired plus 20% — a shortage
of 35% in dispatchable power. For 2040 and 2050, the shortages exceed 50%.

Such a design could only be based on hopes that weather conditions will always enable ‘some
renewable power’ to be produced in ‘some parts’ of the grid to be delivered to the rest of the NEM by
an extensive network of transmission lines. However, AEMO’s historical power supply data® tells a
different story of frequent periods, often on windless nights, when NEM available solar and wind
power capacity factors fall to zero or close to it for wind. Some drought periods can last for more than
three days and repeated episodes can often occur with only short intervals in between. Prolonged
months-long spells can cause average renewable capacity factors well below expectations.

The AEMO 2024 ISP is a deeply flawed grid design which cannot deliver reliable power — blackouts are
inevitable.

The cost of transmission network upgrades is based on the 2024 ISP plan to install 10,000 km of new
transmission lines. Costs are estimated to be $1.3 to 2.0 million per km and subject to escalation.
Significantly less transmission line costs are required for the four alternative cases.

The 2024 ISP “...assumes upgrades and other investments needed to enable distribution networks....
will occur through other mechanisms...”. This study makes an estimate for distribution network
upgrade costs of 5-10 thousand dollars per house based on expert opinion®. Much of this cost
becomes unnecessary for the four alternative cases.

Stabilisation facilities such as synchronous condensers (costing $10-20 million each) will increasingly
be required as baseload plants with rotating machinery are retired in favour of systems using electronic
inverters. However, as with the transmission and distribution network costs, much of this is
unnecessary for the four alternative cases.

36 Independent Engineers, Scientists & Professionals, Submission to AEMO CSIRO Draft 2024 ISP GenCost
9Feb2024, P18-20
37 Electric Power Consulting Submission on the 2024 Draft AEMO Integrated System Plan
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Land acquisition costs for transmission lines are estimated from $200K-230K per km and are a subject
of considerable debate in project approval hearings, where social licence is in short supply.

There is little information on projected costs for disposal, recycling and land remediation as a result of
very substantial materials from expired wind turbines, solar panels and batteries. A nominal figure of
$1-2 billion per year in future is used as large volumes of required replacements build up in the
Baseline ISP case.

Baseline Plus Additional Gas Generation Case

The 2024 ISP phases out coal generation by 2037 and replaces CCGT (merit) gas plants with OCGT (flex)
gas plants (designed to some day burn hydrogen, if or when available). To restore a plus 20% DRM, this
case adds much additional gas generation, starting in 2030, to more than triple the planned level by
2050. The daytime period is most critical since the minimal 2024 ISP storages will be depleted
overnight and are primarily intended to handle short peak demands and transients.

Maximum gas generation, hydro and biomass baseload provide a 20% reserve margin indefinitely
during daytimes which rises well above 20% combined with storages at night. At night, gas generation
would probably be lowered to reduce emissions but also at the cost of reducing the capacity factors
of gas plants and their economic efficiency.

One implication of this case is the need to assure domestic gas supplies and deliver infrastructure are
sufficient.

Costs for transmission lines and other elements remain as for the baseline case. Table 1 provides a
summary of key power system demand and DRM.

2029-30 2039-40 2049-50
Night Day Night Day Night Day
GW GW GW GW GW GW
Peak Demand 44.3 44.3 52.3 52.3 55.2 55.2
Baseload Power 53.2 53.2 62.5 62.5 66.5 66.5
Storage Power 5.9 10.8 16.2
Dispatchable Reserve Margin % 333 20.0 40.1 19.5 49.7 20.5

Table 1 Baseline Plus Gas Generation Case

Baseline Plus Additional Storage Case

This case leaves gas generation the same as in the Baseline case and retires coal generation in the
2030s. A massive addition of extra utility battery storage of almost six times the level in the 2024 ISP
by 2050, is required to achieve a DRM above 20% to protect against a worst-case wind & solar drought
on windless nights. And this also requires a corresponding massive increase in wind & solar to recharge
them.

Even this large storage capacity would only cover a single night under worst case conditions.

The capital cost is estimated at $2.6-3.9 trillion. Since the marginal cost of adding batteries is $485
billion per day of storage, a grid system with a seven-day battery storage capacity would have a total
capital cost of $5-7 trillion, even without adding more renewable recharge capability. The 10-year life
of batteries also incurs massive ongoing replacement costs on the order of $3.5 trillion per decade.
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Moreover, two further interrelated problems need addressing. The DRM during daytime — absent
storage outputs — is disastrously below minus 50% so that there is no means to recharge the large
battery capacity in the event of a daytime wind & solar drought.

This reality forces reliance on a minimum level of at least 10% capacity factor for all wind and solar
generation. This is not a real solution for DRM since wind & solar are not dispatchable.

In view of these estimates, this case, widely touted as “firmed wind & solar with big batteries”, is simply
neither technically viable nor economically affordable.

A Gas Dominant Case (56% gas plus 8% hydro & 37% solar)

This case follows on from the Baseline plus added gas case. Capital cost is minimised by keeping the
same gas generation, which together with hydro can indefinitely provide the plus 20% DRM both night
and day. By halting further rollout of both wind & solar and battery storage after 2030, major capital
cost savings are obtained as a trade-off against a lower reduction of operating emissions.

However, it should be noted that gas generation has about half the emissions of the present coal-based
grid. This case also avoids the substantial emissions involved in mining, processing and manufacturing
of all of the materials required for wind turbines, solar panels and batteries and their frequent
replacements. The amount of such materials has been estimated at about 700-900 times the materials
needed for a typical baseload power plant. Therefore, the net increase in emissions of this case may
not be substantial.

Further, the very small environmental footprint of this alternative is negligible compared to wind and
solar farms and is therefore another factor for consideration.

Another significant benefit is that gas and hydro facilities will run at higher capacity factors providing
more attractive returns for investors, thus providing greater market stability and improving national
productivity.

A Coal Dominant Case (39% coal plus 17% gas, 8% hydro & 37% solar)

This Case is a continuation of using coal generation and its expansion. Instead of retiring existing coal
plants, they are replaced with high efficiency/low emissions (HELE) plants and expanded to double the
present capacity by 2050. As for the previous case, wind & solar and storage rollouts are halted after
2030.

While limited emission reductions are evident in this case, potential exists for using advanced coal
plant technology to improve efficiency. Carbon capture is not part of this model. However, benefits
include the avoidance of renewable facility costs, a negligible environmental footprint and reduction
of substantial emissions from mining, processing and manufacture of wind & solar.

As for the previous case, another significant benefit is that coal, gas and hydro facilities will run at
higher capacity factors providing more attractive returns for investors, thus providing greater market
stability and improving national productivity.

A Moderate Nuclear Case (30% nuclear plus 26% gas, 8% hydro & 36% solar)

For this alternative, the draft GenCost 2024-25 cost assumption for large scale nuclear power plants is
used. Ongoing product development of SMR systems is proceeding briskly at multiple companies
including Rolls Royce (the manufacturer of the planned AUKUS submarine reactors). SMRs offer a
vision of production line manufacturing efficiencies for standard products, which will be approved by
multiple countries as are commercial jetliners, thus simplifying and shortening the approval process.
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It will be several years before SMR products are sufficiently mature to be able to assess their true cost
factors. This has not prevented many countries from already placing orders for SMRs. Unless SMRs
offer electricity costs that are competitive with large-scale nuclear plants, they will not become
successful products and will simply disappear from the market.

Nuclear fission power plant technologies have a 70-year history of increasing safety, maturity, minimal
environmental impact and zero operating emissions, which provides an attractive option.

This case posits a blend of gas (for fast reaction to load variations and grid transients) and nuclear
power generation. The draft 2024-25 GenCost capital cost assumption for large scale nuclear plants
can be favourably compared with other generation technologies when amortised for estimated
lifetimes as indicated in Table 2, even though solar and wind cost factors ignore system integration
costs. Financing interest costs for nuclear over an 80 year lifespan would actually be less than the
interest costs of the ISP baseline over 80 years given its capital costs are twice as much.

From this comparison, a nuclear power plant is effectively much more competitive than the GenCost
2024-25 results would indicate.

Nuclear Gas Solar Onshore Wind Offshore Wind

Draft GenCost 2024-25 Cost 8.5 2.0 1.4* 3.0* 6.7*
Assumption $B/GW

Lifetime Years 80 30 20 20 20
Nuclear Cost Assumption SB/GW 8.5 3.2 2.1 2.1 2.1

Amortised to Equivalent Lifetime

* Not including substantial system integration costs
Table 2 Equivalent Nuclear Capital Cost Factor Amortised for Equivalent Lifetime

In this case, rollout of wind, solar and storages are halted after 2030 because nuclear and gas baseload
generation can run continuously, thus avoiding further capital costs. As its capital cost is much higher
than gas plants, nuclear plant should be run continuously at high utilisation rates to achieve the lowest
unit cost. The fuel cost per KWh is much less than gas. The gas component provides an ability to quickly
ramp up and down to compensate for variable load demands.

Since nuclear plant installation is unlikely to commence before mid-2030s, it is vital that new gas
generation facilities be launched as soon as possible supported by expansion of domestic gas
production infrastructure on the east coast. Gas is a critical component of all viable future electricity
grid options. There should be no equivocation, unless it is preferred to maintain coal generation
indefinitely. Gas will be the bridge to and ongoing support to reliable nuclear generation.

If it is desired to maintain some level of wind & solar in the grid, the substantial gas generation in this
Case provides plenty of scope for backing up wind & solar. However, this will lower the capacity factors
of the gas plants thus increasing their unit costs and the wind & solar will incur additional capital costs
and increased emissions from mining, processing and manufacture of wind & solar.

A Higher Nuclear Case (40% nuclear plus 16% gas, 8% hydro & 37% solar)

This case increases nuclear power generation while reducing gas and maintaining hydro outputs to
further reduce emissions. The increased capital cost relative to the previous case of 40% nuclear needs
to be traded off against the potential for emissions reductions.
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RE: Submission to AEMC’s Draft Terms of Reference for Electricity pricing for a
consumer-driven future Review

Dear Ms Collyer,

The Centre for Independent Studies (CIS) welcomes the opportunity to respond to the
AEMC’s Draft Terms of Reference for the Electricity pricing for a consumer-driven future
Review.

The CIS is a leading independent public policy think tank in Australia. It has been a strong
advocate for free markets and limited government for more than 40 years. The CIS is
independent and non-partisan in both its funding and research, does no commissioned
research nor takes any government money to support its public policy work.

In drafting terms of reference for this review, the CIS believes the AEMC should be
careful not to make unwarranted assumptions around CER uptake and coordination and
should take a principles-based approach to regulation rather than aiming for particular
system outcomes.

The rapid CER uptake and coordination assumed by AEMO is not guaranteed. The Review
should consider how best to protect consumers in the short and long term regardless of
whether CER uptake and coordination increases, decreases or remains at current levels.
This is especially important given how many of these benefits are somewhat mutually
exclusive (for example, flexibility in CER use and coordination). Consumers should be free
to choose between them.

The AEMC should aim for principles-based regulation focusing on consumer protection
rather than an outcomes-based approach that views increased CER uptake and
coordination as an end in itself. Consumers should be able to choose to participate in the
CER market or not, according to their willingness to bear risks associated with becoming
traders of electricity rather than simply consumers.



http://www.aemc.gov.au/



The responsibility for reducing electricity-related emissions and ensuring the grid can
handle peak demand lies with generators, governments, network service providers and
grid operators. These entities are well placed to handle increasing complexity and risk.
The review should bear this in mind and avoid shifting the increasing complexity and risk
of maintaining cheap, reliable, and clean electricity onto unwilling consumers — the
majority of whom do not own solar panels, home batteries, or EVs.

Yours sincerely,
A e
Aidan Morrison
Director of Energy Program

Centre for Independent Studies
Email: amorrison@cis.org.au




mailto:amorrison@cis.org.au



Approach to CER Uptake and Integration Assumptions

The Review should avoid assumptions about the level of CER (and its coordination) in the
future grid. While high levels of CER are a significant possibility, it should avoid assuming it is
certain, or necessary. This is critical to avoid obliging consumers to become producers and
bear more risk than is appropriate.

An example of this is on page 1 of the Draft Terms of Reference, in which the AEMC asserts:

Around one in four Australian houses have solar panels, with one in two expected by
2040... There is predicted to be a surge in electric vehicles in Australia, with
approximately 22 million expected to be taken up by 2050... Widespread government
commitments to achieve net zero emissions by 2050 are accelerating this shift and
CER and DER will play a critically important role in Australia’s energy transformation,
helping to reduce overall system costs, improve reliability and achieve a secure, low-
emission energy supply for all.

Increasing levels of CER is not the only — nor necessarily the most cost-effective — way of
achieving 2050 net zero targets. Without significant government incentives, rooftop solar
and EV uptake may not reach the levels assumed. The broad-scale implementation of export
tariffs by DNSPs is likely to reduce the number of consumers seeking to install or replace
rooftop solar panels.! Similarly, EV sales have failed to show consistently rapid growth amid
delays in the charging infrastructure rollout largely due to distribution network congestion
from higher penetration of renewables.? Regulation should allocate risk appropriately and
protect consumers by assuming a reasonable set of possible futures.

Given the majority of consumers do not have rooftop solar, home batteries or EVs, non-CER
consumers must be adequately protected from energy bill increases arising from cross-
subsidies provided to CER consumers. Even if consumers without energy resources become
the minority, the same care should be taken to protect their interests. The Rules need to
protect consumers into the future regardless of whether CER uptake and coordination
increases, decreases or remains at current levels.

Another key assumption needing further interrogation is that CER will help to reduce overall
system costs. The CSIRO’s GenCost report confirms rooftop solar and home batteries are
more expensive per unit of energy than their large-scale counterparts.> AEMO’s Integrated
System Plan does not include any cost for CER in its optimisation, so it can't support any
claim that a certain level of CER uptake and coordination is optimal.

While integrating CER may provide benefits to individual consumers, it can stress the overall
system without coordination — and coordination itself costs whatever is needed to





incentivise coordination in owners. Whether the cost of the necessary incentives outweighs
the savings on network expenditure should be interrogated.

The benefits of CER for consumers listed on page 2 include some that are potentially
mutually exclusive:

o flexibility in how and when they use energy so they can save money within their own
home or business;

e having the option to allow their CER technologies to be used in the wider power
system and to be rewarded for that; and

e lower overall spending on network infrastructure.

Consumers allowing their resources to be coordinated necessarily entails reducing their
flexibility in energy use. On the other hand, giving consumers maximum flexibility by not
coordinating CER is likely to result in higher, rather than lower, network infrastructure
expenditure. CER simply cannot provide all these benefits at once — there will always be a
trade-off between an individual’s flexibility and savings for the system as a whole.

AEMC also claims on page 2:

Successful integration of CER would also require fewer new large-scale infrastructure
projects to keep the system running, which often come with their own integration
challenges from acquiring social licence to achieving connection.

Social licence challenges are typically solved by providing large enough incentives to
landholders to allow the project to proceed. Integrating CER into the grid also requires
incentives, which may be smaller individually but must be paid to many more consumers
who own CER. Whether reducing the number of large-scale projects (and their associated
social licence costs) by incentivising CER coordination will reduce overall system costs is
therefore not guaranteed, but needs to be appropriately assessed.

Additional contradictions on pages 2-3 require resolution:

Successfully integrating CER starts with serving all energy consumers well. The
products and services offered, and their prices, must ensure a diverse set of
consumers:

1. can continue to use their CER assets for the reasons they bought them

2. have the opportunity and incentive to:
a. adjust their energy use
b. make their CER assets available in ways that benefit themselves and other
energy consumers





c. contribute to reducing emissions
3. benefit from efficient and effective integration of CER, whether they own such
assets or not.

If a consumer bought solar panels to earn a high feed-in tariff from exporting to the grid, but
this tariff structure over-rewards them for the actual benefit their exports provide to the
grid, then not all of these aims are able to be achieved at once.

Implementing export tariffs, as many DNSPs have now done, helps integrate solar into the
grid by preventing grid stress from minimum demand periods during the day when solar
energy floods the system. This encourages exports to be shifted later in the day through
storage to match the evening peak demand, which is more beneficial for non-CER consumers
than a system without export tariffs. But this comes at the cost of preventing CER owners
from using the assets for the reason they bought them.

In this instance, a rooftop solar owner would have to buy a battery to continue receiving net
earnings from exporting to the grid — but they may not want to make this purchase. Serving
the interests of CER and non-CER consumers necessarily involves a trade-off when CER
customers expect outsized rewards for the services they provide to the grid in line with what
they have received historically.

Regulation should be principles-based rather than
outcomes-based

Ensuring consumers behave in particular ways is not the role of rule makers and regulators.
The AEMC should therefore use a principles-based approach, rather than an outcomes-
based approach, when determining how to make rules relating to CER and its integration.
This would translate to the AEMC allowing a market for CER and its coordination to exist
while ensuring adequate consumer protections in alignment with the National Electricity
Objective. The AEMC should not attempt to ‘nudge’ consumers in a particular direction with
respect to their CER uptake. The Rules should therefore remain neutral in allowing — but
not promoting — CER uptake and coordination.

The same applies for energy use. Incentivising consumers to reduce energy use risks putting
the needs of the grid above the needs of consumers. The responsibility for reducing
electricity-related emissions and ensuring the grid can handle peak demand fundamentally
lies with generators, governments, network service providers and grid operators. These
entities are capable of managing risk and complexity. Consumers are least likely to have the
ability and knowledge to appropriately manage risks and select the optimal solution to such





problems. Hence, the focus of the AEMC’s work must remain on consumer protection and
not placing expectations on consumers to behave in certain ways.

The AEMC acknowledges that consumers have shown resistance to CER coordination: “We
must better understand and respond to the reasons consumers may not want to make their
assets available, even when the rewards from doing so may benefit them directly, and the
broader community.”

The expectation that consumers should act in a certain way should not be central to
rulemaking. The AEMC should not push consumers to enter a market they have no desire to
take part in. Rules should merely allow consumers the freedom to participate if they feel
confident becoming traders and managing the associated risks.

The AEMC should avoid any process by which an assumption about consumer behaviour and
preferences (‘CER is desirable’) becomes a policy (‘CER should be desirable’). Consumers
should be adequately protected from risk and complexity, and free to act in their own best
interests.

1 Beazley, Jordan. 2024. “Consumer groups criticise energy companies charging solar panel owners for
exporting power.” The Guardian. https://www.theguardian.com/australia-

news/article/2024/may/17/energy-companies-charging-nsw-solar-panel-owners-for-exporting-power-

criticised-by-lobby-group.

2 Toscano, Nick. 2024. “Fuel giant Ampol to miss target for electric vehicle charging bays.” Sydney Morning
Herald. https://www.smh.com.au/business/companies/fuel-giant-ampol-to-miss-target-for-electric-
vehicle-charging-bays-20240819-p5k3j8.html.

3 Graham, Paul, Jenny Hayward and James Foster. “GenCost 2023-24 report.” CSIRO.
https://www.csiro.au/-/media/Energy/GenCost/GenCost2023-24Final 20240522.pdf.
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It is crucial in a public policy debate to maintain a civil discourse that engages robustly with evidence and analysis, discerning

fact from fiction, while not maligning the motive or reputations of those making arguments.

However, the Australian Energy Market Operator’s (AEMO's) Integrated System Plan (ISP) — billed as a roadmap for Australia’s

transition of the National Electricity Market (NEM) power system — has become an obstacle to debate proceeding as such.

By masking a politically-determined policy ambition in the regalia of an independent, expertly-determined ‘optimal’ path, the ISP

has fundamentally debased the energy debate.

For more than a year, the Energy Team at the Centre for Independent Studies (CIS) has engaged in discourse through every
imaginable channel from formal submissions, social media, to parliamentary inquiries, pointing out the flaws in the ISP at every

turn.
And at almost every turn, our efforts have been acknowledged to be of substance, yet substantially ignored by AEMO.

The most critical instance of this intransigence was the imposition of the 82% renewable energy target for 2030 as a binding

constraint on every scenario in the ISP. This number first appeared in the Reputex document commissioned by Labor before they

won office. It was meant to be a modelled outcome of the Rewiring the Nation policy, not a policy itself, just as Labor’s predicted

$275 dollar fall in energy bills was predicted to become an outcome of policy.

And yet the wheels of government and the energy regulatory system have turned in such a way that this dubiously projected
outcome of policy is now treated as an accomplished fact in every scenario of the ISP. As such, the roadmap is now simply a lens
through which to view the projections of Reputex. And since it allows no comparison with any alternative, it's not just rose-

coloured, but blindly opaque.

The consequences of this situation are profound and dire. Apart from undermining the policy debate about nuclear energy,

consumers are being railroaded into paying for premature investments to chase an implausible target.





Yet AEMO has indicated it perceives no problem and would happily do it all again.
The pervasive misunderstanding of the ISP has been persistently abused for political purposes.

“I rely on the evidence ... | trust AEMO” said Matt Kean, current Chair of the Climate Change Authority in Senate Estimates, in

attempting to shut down a Coalition Senator’s efforts to discuss the substance of what those authorities actually say.

Kean went on to wield the false narrative that AEMO has actually found the cheapest path to bludgeon away Senator Cadell’s

inquiries.

If we can’t debate the facts without being goaded into declaring distrust for the experts, what choice remains?

The experts have told us explicitly they haven’t done the tests that the current government persistently imply they have. This

destroys any basis for trust in the government narrative.

But since the experts have been surprisingly mute while the force of their reputation has been used to obliterate civil debate
about their actual analysis, the question “do you trust the experts?” is finally going to get the full-throated answer it's probably

long deserved: No. The trust is broken.

Evidence heard by the Senate Select Committee into Energy Planning and Regulation in Australia has provided the straw that

decisively broken the camel’s back.

In response to every question and submission, AEMO has consistently maintained that the rules bind it to force the 82% target

onto every scenario. That its hands were tied.
Email exchanges obtained under Freedom of Information by CIS have exposed this excuse as false.
The perception that AEMO'’s integrity and independence has been compromised is now unavoidable.

If the reasons given to rebuff the persistent petitions of stakeholders cannot be trusted, neither can any other institution, process

or person that has actively participated in sheltering the ISP, and nurturing the monster it has grown into.





The current ISP should be repudiated by AEMO.

Nothing less can possibly restore our energy debate to the civil, fact-focussed discussion of the evidence that it desperately

needs to be.

Until that happens, a battle over the trustworthiness of our institutions is both inevitable and necessary.

Aidan Morrison is the Director of Energy at the Centre for Independent Studies
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Marinus Link - Intending transmission network application objection submission

From FletchTAS@proton.me <FletchTAS@proton.me>
To resetcoord@aer.gov.au

CcC craig.garland@parliament.tas.gov.au, Codie.Hutchison@parliament.tas.gov.au, senator.tyrrell@aph.gov.au, contactadam@adammartin.au,
miriam.beswick@parliament.tas.gov.au, burnie@burnie.tas.gov.au, council@warwyn.tas.gov.au, admin@centralcoast.tas.gov.au,
council@devonport.tas.gov.au, council@circularhead.tas.gov.au, TasPowerDemocracy@gmail.com, felix.ellis@parliament.tas.gov.au,
nick.duigan@parliament.tas.gov.au, roger.jaensch@parliament.tas.gov.au, jeremy.rockliff@parliament.tas.gov.au, ruth.forrest@parliament.tas.gov.au,
office@onenationhg.com.au

BCC arieltas<arieltas@proton.me>, Lynettelablack@live.com <lynettelablack@live.com>

Date Friday, April 18th, 2025 at 9:23 PM

Dear Marinus Link AER Reset Coordinator, Ministers, Senators, Independents, Mayors, Councils, CEOs and others,

| object to the Marinus Link - Intending transmission network application for the following reasons:
Inaccurate costings and irresponsible flawed methodology:

"1.0 Flawed Methodology According to GenCost2, “The stated purpose of GenCost is to provide essential capital cost information for the
modelling community to use in their own system cost studies.” While the capital cost data, despite some contestable issues, is useful for
user studies (we use it in our whole-of-system modelling), we consider the LCOE results to be controversial and not indicative of real-
world costs. The GenCost report starts with an ‘Important Disclaimer’ which states in part: “The reader is advised and needs to be
aware that such information may be incomplete or unable to be used in any specific situation.” Presumably, this disclaimer is made for
legal reasons but it also shows a lack of confidence. 1GenCost Executive Summary Pviii 2GenCost Section D.4.16 P108 4 GenCost
also states3 that: Modelling studies such as AEMO'’s Integrated System Plan do not require or use LCOE data. LCOE is a simple
screening tool for quickly determining the relative competitiveness of electricity generation technologies. It is not a substitute for detailed
project cashflow analysis or electricity system modelling which both provide more realistic representations of electricity generation
project operational costs and performance.” Despite this warning, GenCost makes definitive conclusions regarding the cost of firmed





solar and wind4 being the lowest cost. It is unfortunate that government ministers and managers do not make time to read such details.
The ideological commitment to so-called renewables appears foundational. It is incontrovertible from ministerial statements that
government energy policy is based on the stated assertion that firmed wind and solar are the cheapest form of electricity generation as
shown by CSIRO’s GenCost reports. Our whole-of-system cost assessments in previous submissions, based on cashflow modelling as
suggested by GenCost is more realistic, demonstrate that this assertion is incorrect. LCOE outputs shown in GenCost, even when
modified by estimated (2030) integration costs, indicate exactly the opposite of whole-of-system capital cash flow modelling. It is
apparent that the basic LCOE methodology in GenCost is aimed at providing theoretical marginal investment indicators rather than total
system costs5. They are two different things yet GenCost is hailed by government ministers as the authority to dictate the design of the
national power grid through regulations thus bypassing qualified power systems engineers. This difference in methodology urgently
needs reconciliation to avoid misleading information from continuing to adversely affect national energy policy. 2.0 Cost Modelling
Accuracy Our assessments conclude that the AEMO 2024 ISP Step Change scenario does not represent a viable grid design for
delivering reliable electricity because its proposed storage facilities and baseload generation capacities are grossly insufficient under
worst-case conditions and very expensive. Appendix 1 to this submission is a top-level modelling analysis of grid reliability, which was
submitted to AEMO last August as part of the IAS consultation process. For this submission, it is updated with the subsequent release of
AEMO’s 2024 Electricity Statement of Opportunities (ESOO), which contains significantly reduced forecasts for future peak power
demands in the Step Change scenario and reductions in annual energy delivery. Our top-level capital cost analysis in Appendix 2, which
was also provided to the IAS consultation, is based on whole-of-system modelling using generation and storage capacities from AEMO'’s
2024 ISP and capital cost factors from the draft 2024-25 GenCost. That analysis is more comprehensive because it takes into account
facility lifetimes and estimates for transmission extensions, distribution infrastructure upgrades, grid stabilisation and disposal. It is
important to understand accuracy versus fidelity in all modelling. « Accuracy is how well the analysis results predict future reality. «
Fidelity is the degree of detail embraced by the model. Higher fidelity does not necessarily lead to more accuracy, especially when input
data and assumptions contain great uncertainties. 3GenCost Section 6.1 P57 4GenCost Executive Summary Pxi and Figure 0-2 Pxii
5GenCost Section 2.1.4 P20 5 We understand that predicting future costs over 25 years is extremely difficult. Changing situations can
lead to errors of hundreds of percent (e.g. Snowy 2.0). GenCost acknowledges uncertainties in costings but does not quantify all of the
impacts to their LCOE outputs. GenCost’s capital cost factors for generation and storage technologies are estimated by referencing
multiple papers and sources, all of which suffer significant uncertainties. ISP capacity models are based on predictive modelling of

electricity demand, weather impacts and social licence for CER availability among many variables, all of which contribute considerable





uncertainties. We argue that past experience shows it is prudent to assume that all cost models will exhibit indicative uncertainties of at
least 30-50% and in some cases considerably more. Nevertheless, we suggest that using a simple top-level whole-of-system model is
adequate to assess 25-year cost estimates since the uncertainties of the input data used by all models over a 25-year period dominates
the accuracy of results, regardless of modelling fidelity. When used in a comparative manner to assess various design options, most
models can be expected to provide somewhat improved ‘relative accuracy’. 3.0 Capital Cost Factors GenCost defines future capital cost
factors6 for various generation and storage technologies. It observes recent years when freight and raw materials rapidly increased
costs. Its use of a 2006 to 2009 price bubble to show prices returned to previous expectations is not entirely realistic since the industry
was much smaller at that time and basic power costs affecting manufacturing have been recently escalating much more rapidly.
GenCost’s contention that “...inflationary pressures for most technologies and the cost of some...such as solar PV and batteries are
falling again” is contestable. We believe this is only a small part of the story. In our view: * Renewables are now relatively mature
technologies after 30 years of intensive development, thus making assumptions of substantial future cost decreases too optimistic. *
Labour costs have been hit with high inflation recently; these costs are not going to go down. *« The dominance of one country, China, in
the entire supply chain for renewables makes higher future prices likely as competition is stifled and hence deserves more careful
analysis. ¢ Increasing demand in global markets may cause price rises. * Shipping costs are being hit by increasing fuel costs. °
Operating costs of renewables are greater than anticipated, as the UK and Germany have found. « Subsidies for the cheapest form of
electricity generation, which surely should not still be necessary) could be reduced, adding to manufacturing costs. Compounding the
uncertainties in predicting future costs are: a. realisation that the extraordinary costs involved are not affordable nor sustainable, b. the
negative impact on national economies from unreliable intermittent power, c. many countries, including the largest, doing nothing or very
little, to meet Net Zero goals, d. the withdrawal of the US from the Paris Accord, e. the mounting market failure of EVs, f. recognition that
the science of climate catastrophism is overstated and overhyped, and g. the severe environmental impacts of solar and wind
generation installations being regarded as unacceptable. 6GenCost Section 5 P35 6 The ability to estimate the impacts of these factors
is almost impossible, further reinforcing the substantial uncertainties in all future forecasting. In our analysis, we bracket future costs by
using both better known CSIRO 2024 cost factors flatlined across the next 25 years and CSIRQO’s optimistic capital cost factor
projections. The difference in real total whole-of-system cost estimates (Appendix 2) for the 2024 ISP baseline is about

40%." Attachment 2025 SUBMISSION TO CSIRQO'S DRAFT 2024-25 GENCOST REPORT.pdf






"The AEMC should aim for principles-based regulation focusing on consumer protection rather than an outcomes-based
approach that views increased CER uptake and coordination as an end in itself" CIS-submission-to-AEMC-Electricity-pricing-
review.pdf

"The rapid CER uptake and coordination assumed by AEMO is not guaranteed. The Review should consider how best to protect
consumers in the short and long term regardless of whether CER uptake and coordination increases, decreases or remains at current
levels. This is especially important given how many of these benefits are somewhat mutually exclusive (for example, flexibility in CER
use and coordination). Consumers should be free to choose between them. The AEMC should aim for principles-based regulation
focusing on consumer protection rather than an outcomes-based approach that views increased CER uptake and coordination as an
end in itself. Consumers should be able to choose to participate in the CER market or not, according to their willingness to bear risks
associated with becoming traders of electricity rather than simply consumers. 1 The responsibility for reducing electricity-related
emissions and ensuring the grid can handle peak demand lies with generators, governments, network service providers and grid
operators. These entities are well placed to handle increasing complexity and risk. The review should bear this in mind and avoid
shifting the increasing complexity and risk of maintaining cheap, reliable, and clean electricity onto unwilling consumers — the majority
of whom do not own solar panels, home batteries, or EVs."

AEMO is not telling the truth about "being bound to force the 82% target of any scenario as Freedom of Information of CIS has
exposed. Why I'm standing_up to AEMO’s Integrated System Plan - The Centre for Independent Studies

The first Frontier Economics report clearly showed the cost difference between Labor and the Coalition's plans. According to this report,
Labor's renewables only plan will cost $600 billion, whereas the Coalition's plans will save over $100 billion in costs, showing that
nuclear is cheaper than Labor's renewables only plan, not to mention, what seems to be Labor's dishonesty, and | feel, great lack of
integrity in presenting their plan and then unjustifiably attacking the Coalition's plan, which is clearly much more cost effective and
obviously will not need all of the extremely costly, dangerous and potentially highly flammable high voltage transmission lines. Frontier’s

modelling_exposes flaws of Labor’s renewables policy - Hancock Energy






A multitude of people in many NW Tasmanian communities have very clearly and soundly said NO to Marinus Link, wind turbines, and
the 240km of high voltage transmission lines proposed to connect the wind turbines, Marinus Link and any other renewables, which
seems to have been completely ignored by local, state and federal government, as well as REZ and even ABC News who refused to
publish the truth that all of us said NO to REZ last June at Burnie UTAS, nor did the local government publish the truth of this either,
which was and | feel still is very disturbing and irresponsible. (294) The community who loudly and soundly told REZ NO! to their wind

turbines and to respect our NO! - YouTube

Ignoring the potentially very flammable electrical bushfire risk from the uncosted high voltage transmission lines that we as a
state cannot afford, along with the stadium, Marinus Link and the wind turbines, both onshore and offshore:

DO WE HAVE A “DO AS | DO” or “DO AS | SAY” GOVERNMENT? YOU DECIDE - BRADDON BEAGLE

If the government unwisely and against constituents will goes through with the Hobart stadium and Marinus Link, it will irresponsibly and
unethically bankrupt Tasmania and Tasmanians where our grandchildren will be very unfairly and unnecessarily paying Tasmania's debt.
It will ruin our credit standing as a state, whilst completely and inexcusably ignoring real constituents' needs and littering NW Tasmania
with Marinus Link, wind turbines and dangerously flammable high voltage transmission lines, ruining our beautiful state, our health, our
mental health, our agriculture and food bowl, killing wildlife, biodiversity and valuable ecosystems in favour of foreign interests who do
NOT care about Tasmania or Tasmanian. | feel that is unAustralian, NOT on and needs to STOP now.

Thank you, Senators, Independents and others who are helping to hold this government, along with Labor accountable to the
Tasmanian people.

I hope all of you and your families have a lovely Easter holiday.

Kind regards,

Carol-Ann Fletcher





NW Tasmania
0490 137 001
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¢ THE AUSTRALIAN*

COMMENTARY = EDITORIALS

More scrutiny, not less, on power

By EDITORIAL

12:00am January 31, 2024 E] [:I 21 Comments

Taxpayers are entitled to know they are getting value for money from the billions of
dollars being spent on projects to enable a transition to lower-emissions energy.
Those responsible must not be allowed to write their own rules or forgo the widest
possible consultation with those who represent the electricity users and taxpayers
who ultimately must pay the bill. This is why FOI documents that detail the extent to
which energy planners will go to shape how projects are scrutinised make sobering
reading. The Australian Energy Market Operator has sought permission to break the
rules and modify outside scrutiny for two crucial transmission line assets, the
HumeLink and VNI West projects.

Concerns have been raised that rule changes will make the consultation process less
onerous in the future. On one hand, planning large infrastructure projects is a big
undertaking and avoiding duplication is to be applauded. But not if this involves
cutting corners or leaving consumers out of the loop. At the heart of the issue raised
by the Centre For Independent Studies, through FOI requests, is whether or not $9bn
worth of infrastructure will be exposed to a proper cost-benefit test. Documents show
that in August 2021 the AEMO asked for “confirmation in writing” from the
Australian Energy Regulator that “no action would be taken in respect to any
noncompliance”. A similar request was made in October 2023. In December, the AER
confirmed the AEMO wanted to act outside the consultation requirements set out
and told it to notify stakeholders about its proposed approach. The CIS says there is a
clear pattern where the AEMO makes decisions outside consultation processes. It is,
in the words of the CIS, “an outrageous concentration of unchecked bureaucratic
power”. What makes the issue most poignant is the cost blowouts being experienced
by the infrastructure projects involved, which are considered vital for the renewable
energy transition to proceed.

The public interest test was designed to ensure money spent on regulated assets is in
the best interests of consumers. Authorities argue this test has yet to be fully applied

https://www.theaustralian.com.au/commentary/editorials/more-scrutiny-not-less-on-power/news-story/7d0da9122f82e29aae9f7487b1ec670c 12
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but eventually it must. A 50 per cent blowout in the cost of the HumeLink
transmission line was enough to wipe out any net benefits estimated when the
project was first assessed in 2022. Historically, projects could be cancelled or
postponed if costs made them unviable. But as Snowy 2.0 and other projects
demonstrate, rising costs can be no barrier to government-backed investment. The
cost of Snowy 2.0 has risen from an initial $2bn to more than $12bn and is still so
uncertain the federal government-owned Snowy Hydro has agreed to a cost-plus
contract, which guarantees an agreed profit margin. The CIS has a point that if the
energy transition can’t advance without sidestepping proper scrutiny and financial
controls, it doesn’t stack up economically.

Read related topics: Climate Change
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Hypothesis:

“The latest GenCost report reiterates what we already know — renew-
able energy is the cheapest form of energy in Australia now and in
2030, even when accounting for storage and transmission costs. "
—The Hon Chris Bowen MP, 2023

Antithesis:

“Energy is not the same as electricity. Left undisturbed and unused,
energy in its raw form does little for us. Water flowing in a river or
falling in rain; coal, gas, oil, uranium buried in the ground; sun and wind
from the sky — there is no cost but also no electricity. The cost comes
with conversion of energy into electricity and making it available to all
consumers at precisely the instant it is needed. This service includes
the instantaneous transmission and distribution of electricity from the
point of generation to the point of consumption at the required quality
(voltage and frequency).

Energy policy should be aimed at making the conversion of energy into
electricity, and making it available to all consumers everywhere, at the
lowest possible cost. Unfortunately, this imperative has been deliber-
ately ignored in recent years.”

— Adjunct Professor Stephen Wilson, April 2024

If we have a system of improvement that is directed at improving the
parts, taken separately, you can be absolutely sure that the perfor-
mance of the whole (system) will not be improved.

—Professor Russ Ackoff, 1994

There ain't no such thing as a free lunch.?
—Robert Heinlein, 1964
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This is the clearing for one wind turbine foundation at the Kaban Wind Farm in
north Queensland. Each foundation requires the clearing of access roads up to
60m wide to enable wide and heavy loads into the often remote and rugged loca-
tions whereby a wind resource can be harnessed. This wind farm consists of 28
such foundations with each foundation requiring 650 cubic metres of reinforced
concrete that will last 40 years. There are over 3,500 turbines planned for the
rugged high elevation ranges of Queensland.

See also (You Tube video)

Proposed renewable energy projects across Queensland

www.bit.lylwindandsolarqld
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Executive Summary

e Australia previously benefited from some of the lowest consumer electricity
prices in the industrialised world, but it now has some of the highest.t

e This paper shows that an electricity supply system built on a foundation of
baseload generation — that which provides power 24/7 to the grid to meet
base energy needs — results in the lowest Total System Cost.

e This invalidates claims that renewable energy is the cheapest form of
energy. That may be true in particular locations at particular points in
time, but at the system level a system built on renewable energy would be
the most expensive — by far — of available options.

e Customers pay for what they use, but far more of what we pay is required
to cover the costs of the physical infrastructure, from generation to our
meter, than for generating the electricity itself. To expose the full costs of
providing electricity, we need to focus on Total System Cost.

e For example, when a consumer installs rooftop solar panel they draw less
electricity from the system, and daytime load on the system is reduced.
The excess is exported into the distribution network further reducing load
on the system, which forces large-scale generators to reduce output. But
the large-scale generators, transmission and distribution networks, retail-
ers and environmental costs still exist. Less energy drawn from the main
system does not mean less fixed cost: in this case it means more fixed costs
overall.

e The main power system that Australians inherited — engineered in the 20th
century on a foundation of low-cost mine-mouth coal — can provide bulk
electricity at a wholesale cost level in round numbers of about $50 per
megawatt-hour (MWh) or in other words 5c¢ per kilowatt-hour (kWh).

e When a flexible, fast-response open cycle gas turbine meets the last
megawatt of demand it sets the spot price for all generators operating at
that moment across the entire market. Such units are increasingly called
upon to balance not only the relatively predictable and smoothly changing
variability of aggregate customer demand, but at the same time the far
steeper and more volatile fluctuations in wind and solar power output.
Also in round numbers, if the price of an extra unit of gas for the marginal

T Bongers et al, May 2024, Australian Retail Energy Prices in an International Context,
MRC, www.menziesrc.org
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Executive Summary

generator is about $10 per gigajoule (GJ), then the wholesale electricity
price at that moment will be about $100/MWh, which is 10¢/kWh. Each
$1/GJ change in the gas price will change the corresponding electricity
number by $10/MWh (1c/kWh).
Continuing with round numbers, if the system is to be operated only on
wind, solar and hydro power, with energy shuffled in and out of large and
small storage assets and devices, the generation cost averaged across the
energy for the total interconnected system will approach $200/MWh (20¢/
kWh) or more. The additional costs in the transmission and distribution
systems will be far higher than for the historical coal-based and the current
increasingly gas-price exposed system.
In other words, the further the system moves away from the inherited gen-
eration system in the coal-based ‘$50 cost zone’ through the gas-based
‘$100 cost zone’ and towards the wind- and solar-based ‘$200 cost zone,’
the more the actual outcomes for final consumers are likely to escalate to
even higher price levels. The underlying economic problem remains even
if cost of living price relief shifts costs from electricity bills to the tax-and-
welfare system.
This paper is summarised in the following short statements:
e The system with the lowest Total System Cost is the one we have.
e The levelised cost of energy (LCOE) of any generation type does not
reflect Total System Cost.
e There is a modest role for renewable technology before it increases
Total System Cost.
Contrary to popular belief, coal-fired power plants do not have a predeter-
mined life. They can be refurbished periodically and remain in service for
an indefinite period. The benchmark for comparing costs is not a hypothet-
ical fleet of new coal plants: it is the fleet of already existing coal plants.
Thus the lowest cost system is the one we have, and the next lowest cost
system is one built on new baseload power plants, whether they be coal or
nuclear.
Official plans assume, encourage, or require the elimination of coal-fired
generation, not on cost, but on emissions grounds.
Notionally wind and solar provide “free energy” because there is no fuel
cost. LCOE acknowledges the up-front investment required to generate
electricity from the wind or the sun, and ‘levelises’ that cost across the
output from the turbines or the panels over their life. However, LCOE
(which is used by AEMO - relying in turn upon the CSIRO's GenCost
model — to develop the ISP) is a simplified calculation applied at the genera-
tion level that is not able to provide insight into the Total System Cost with
various types of generation technology needed to serve customer demand

at all times..
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Executive Summary

e These conclusion are summarised in Figure 5, below, which appears in the
body of the report on page 20.

Three Systems: Three Cost Zones

Comparative wholesale cost $/MWh (annual average system-wide)

Additional costs over and above
wholesale market, for wind/solar linked
transmission and distribution spend.

$200

/MWh

Where w - gas drives
$}I\}IV0VP(1) cost (. base load)
$50
/MWh
Cost zones Main energy sources

* Beyond the $200/MWh wholesale cost zone indicated in the Figure above,
there is the additional cost of the poles and wires required to deliver the elec-
tricity as the system hypothetically transitions to one built on renewables.

e Storage via batteries and pumped hydro is often raised as a means of
shifting excess wind and solar generation to periods of high demand, but

each has significant limitations with respect to duration and cost.
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Executive Summary

e The total system cost of a renewables-based system (>80% share) may
be two or three times as expensive as one premised on baseload (whether
current or with new build nuclear), and a ‘renewables only’ system is
likely to be five or six times as expensive. All such costs must ultimately be
recouped from the consumers, if not the taxpayer.

e Itis true that it takes time to plan, prepare, finance, and build nuclear power
plants. Avoiding increasingly high cost electricity while also pursuing envi-
ronmental goals would require prudent management for a number of years
of the existing system, including the existing coal plants and gas plants,
while replacement baseload assets capable of playing the same role without

incurring far higher costs are planned, prepared, financed and deployed.

iv The Ruinous Cost of Free Energy





The more simple the proposition, the more complex it is to explain.

In my experience those who actually understand the energy system will whole-
heartedly agree that attempts to force a dramatic increase in the proportion of
electricity that comes from renewable energy can only reduce energy security and
increase cost. And that households and consumers will bear the direct costs (‘no
free lunch’), with further indirect costs incurred across the economy in terms of
reduced consumption, investment, and jobs.

But it is also my experience that when we advance that argument to the
‘interested middle’ — those without the experience of working across the energy
system — what is obvious to insiders becomes complex rather than simple, and
correspondingly difficult to explain. This is no fault of the audience; it is usually
because:

e They are looking at only one part of the system (e.g. their rooftop solar
system has reduced their bills, therefore if everybody had such systems all
bills would be reduced);* and/or

e They judge outcomes based on current prices in distorted markets, unaware
of subsidies and regulations which hide the true costs (again, rooftop solar
is an excellent example);* and/or

e They are prey to deliberate cherry-picking of outcomes in just one part of
the system by interested parties, such as the prices in wholesale electricity
markets which for extended periods will be reduced by renewables bidding
their energy output at a very low price or even below zero to earn certificate
revenue (while effects on the wider system are ignored).

The genesis of the current paper goes right to the reboot of the IPA’s research
program in mid-2022. We had been planning for the establishment of a Centre
for Energy Security, and embarked on a series of interim research projects, which
resulted in publications on the Integrated System Plan (ISP), the implications of
baseload power station closures (Liddell: The Line in the Sand), energy security
(Energy Security IS National Security) and others. In materials circulated to stake-
holders and potential stakeholders we outlined our plan for a research centre within
the IPA which would provide:

e Honest and thorough appraisals of the energy system, technologies, global
trends, options, and the true costs and benefits of proposed policy inter-
ventions between now and 2100, in a world in which energy security will

remain universally valued by nation states; and

Foreword
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e Realistic scenarios for action which reflect the value consumers and industry
place on the reliability and competitiveness of our domestic energy supply,
and global markets’ desire for secure energy supplies.

My examination of the costs of the Federal Government’s 2022 energy plan had
shown — at least to my satisfaction — that there was no way the goals could be
achieved (if at all), at less than prohibitive cost.

Further, I was heartened by the excellent work done by activist analysts (to coin
a phrase) who had critiqued the methodology and assumptions used by AEMO and
CSIRO in system planning and cost estimation.® Amongst other victories they had
exposed difficulties with the calculations of levelised cost of energy.

Some of these criticisms were not even particularly technical in nature: it was
that the planners had not included all costs of the transition (e.g. new transmis-
sion), or they had compared new build baseload rather than acknowledging we
already have a system in place (which is of course the lowest cost of all possible
options, for reasons outlined in this paper).

It was at this time I commenced work — in conjunction with my IPA colleague,
Dr Kevin You - on what became an IPA Working Paper, released in ahead of this
report, Issues With the Levelised Cost of Electricity: Why a Simple Metric Cannot
Determine Our Energy Future.” This elaborated on what happens when you select
the wrong tool (LCOE) for the job (scenario planning and thinking at the whole
system level).

But I found that when sharing these critiques of the promised costs of the
energy transition, audience members would ask what 7y numbers were. While in
one sense it is entirely reasonable to ask such questions, I resisted that formulation
of it, and the degree of precision sought, because I believed:

e First of all, we needed to elevate the importance of energy security (and
so this was the first paper commissioned from Adjunct Professor Stephen
Wilson); and/or

e Seeking ever more precise figures from 'improved’ modelling traps us in the
paradigms of the central planners, and the central planning conceit, leading
to interminable arguments that are impossible to win®; and/or

e The costs of the energy transition envisaged by government are so great, that
calculating whether the increase above the baseline is, say, 264 % or 378%
or 329%, is both pointless and claims a degree of precision that would not
bear scrutiny, while adding nothing to the decision-making process.

I found this even with LCOE. The whole point of LCOE is that it is a useful ‘quick
rule-of-thumb’ tool for market participants to estimate the marginal cost of new
generation. But some market observers were critiquing CSIRO estimates of LCOE
for various fuel sources and then seeking simply to substitute their own ‘better’

estimates, based on reports from engineering firms or financial analysts. Thus the

See also Appendix Two for a definition of Energy Security
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interminable debates about which form of electricity generation is ‘cheapest’, which
in the abstract is a pointless question. The most important question is: what mix
of generation in the system is able to achieve our goals for cost, energy security,
and environmental considerations. Financial analysts and engineering contractors
are correctly interested in the cost of actually building a new plant, but they do not
necessarily have any better grasp of the system as a whole.”

And so, in discussions with Stephen Wilson we decided to start at the level of
first principles: that before we joined the serried ranks attempting to cost out alter-
native scenarios, we had to establish the means by which we (or some third party)
should undertake that costing.

The cost to consumers and taxpayers is what matters, and that must necessarily
be a function of the total system costs.

Conveying this is no small matter. Systems thinking does not come naturally
to humans. This should be a simple observation, but the reasons are undoubt-
edly complex and there are various reasons proffered. The neuroscientist, Dr Tan
McGilchrist, for example, locates our zest and skill for ‘clarity and precision’ in
the left hemisphere of our brain (as we seek to ‘grasp’, predominately with our
right hand), while our right hemisphere allows us to see context and the system as
a whole.

Whether he’s right or wrong in attributing the reasons for these different human
tendencies to evolutionary pressures, I hope the reader can reflect on their own
experience of the difference between dealing with people who will obsess over one
fact or one element or one ‘solution’, as opposed to those prepared to engage in
seeing the system as a whole, and asking the questions that flow from that.

Needless to say, Stephen Wilson is an example of the latter, and I commend the
paper to you.

All you need to remember is that the lowest cost system is the one we have, and
the next lowest cost system is one built on baseload, whether it be coal or nuclear.
Any departure from that towards greater reliance on intermittent renewable energy
will make it more expensive and less reliable, at an increasing rate as the share

approaches 100 per cent.

Scott Hargreaves
Executive Director
Institute of Public Affairs
July, 2024.

i Yes, you can have baseload from hydro, if you are Quebec or Norway. And yes, you
can have baseload from Geothermal, if you are Iceland or New Zealand. And yes,
technically you can have baseload from combined-cycle gas turbines, but then we
in Australia would have to be encouraging rather than discouraging the develop-
ment of new gas resources (we are fuel constrained). In Australia baseload means
coal or nuclear.

Foreword
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1 Total System Cost

TOTAL SYSTEM COST

If an alternative cannot be deployed at a lower Total System Cost
than the existing system, the alternative is higher costs.

The closest connection most Australians have with the power system is via the
sockets and light switches in the walls of their homes and offices, in schools, hospi-
tals, and elsewhere. We take clean and reliable power for granted, always available
at the flick of a switch, when and where we need it. However, what once just
involved another bill has increasingly become a quarterly financial shock for many
Australian households and businesses.

Australia previously benefited from some of the lowest consumer electricity
prices in the industrialised world, but it now has some of the highest. The trend
since 1980 is shown in Figure 1, below.'? Electricity consumers — both residential
and business customers — experienced average price increases of about 20 per cent
in 2022/23 and again in 2023/24.

Figure 1: History of consumer retail electricity prices in capital cities.
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1 Total System Cost

At the same time, the capacity of wind and solar power in the system increased, as
did its generation output. Close to the core of the public debate now intensifying
among engineers and other energy professionals is the question of whether the
price increases occurred despite or because of the increase in renewable energy.
This paper contributes to that debate.

Though the pattern of large increases appears to have paused in 2024/235, it is
the author’s view that further substantial increases should be expected in the future
if current plans and policy settings remain unchanged. For exporting or import
trade-exposed businesses, power prices, power quality, and power reliability —
either as single factors or in combination — are rapidly becoming internationally
uncompetitive.

The Institute of Public Affairs’ recent framing paper Energy Security IS National
Security'! refers to the energy policy trilemma: the observation that maximising
security, minimising cost, and minimising environmental impacts are the goals of
every government, and that the three objectives are normally in tension and require
trade-offs (see Figure 2, below). While that paper explained the importance of
energy security, the focus of this paper is on costs.

Figure 2: The energy policy trilemma.

maximise
security

This paper is specific to the electricity sector, not the whole energy complex (which
would include gas and oil, for instance). While the emphasis is on the National
Electricity Market (NEM), the underlying principles discussed may be applied also
to the South-West Interconnected System (SWIS) in Western Australia, and to other

smaller systems.
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1 Total System Cost

In order to untangle the public debate about the costs of different forms of
electricity generation, this paper focuses on the delivered cost of electricity. The
delivered cost is the Total System Cost of supplying electricity to the consumer.
Unless there is a source of subsidies (such as taxpayers) from outside the customer
base of the electricity sector, then the total system costs will be reflected in aggre-
gate customer bills.'> This paper will show that an electricity supply system built
on a foundation of baseload generation, results in the lowest total system cost.

This is not a novel finding but has been known and understood since it was first
expounded in France in 1949."3 In the Australian context, with limited hydropower
and geothermal resources, current or feasible baseload sources are limited to coal-

fired power plants, natural gas combined cycle plants, and nuclear plants.

i To take but one definition: “baseload electricity generation creates 24/7 power to
the grid to meet the base energy needs...while peaking generation must follow
the varying hourly electricity needs as demand rises and falls, baseload generation
operates constantly to support the increment of demand that is always there no
matter the time of day or day of the week.

The Ruinous Cost of Free Energy 5





6

The Ruinous Cost of Free Energy

THIS PAGE INTENTIONALLY LEFT BLANK





2 How do we pay for the Total System Cost?

HOW DO WE PAY FOR
THE TOTAL SYSTEM COST?

We have been conditioned for generations to think of electricity in terms of energy,
but all consumers — from the smallest households to the largest businesses — see
the total system cost reflected in their electricity bill (with the notable exception of
rooftop solar owners).'* A typical retail electricity bill is metered, calculated, and
presented in terms of consumption (measured in kilowatt-hours or kWh), com-
pounding the misconception. Figure 3, below, describes the various contributions
to the average household bill, including wholesale costs, network costs, environ-

mental costs', and the retail costs including margin.'

Figure 3: Cost composition of a residential electricity bill.
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iv. The costs of environmental schemes for promoting renewable generation, energy
efficiency, and reducing carbon emissions.
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2 How do we pay for the Total System Cost?

Paying for what we use seems fair, but we must also pay for the fixed infrastruc-
ture. An analogy is the mobile phone — while we are no longer charged for minutes
of usage, everybody understands that we still pay for the exchanges, towers and
optical fibre routes that keep the mobile networks functioning. There are parallels
in our electricity system. Far more of what we pay is required to cover the costs of
the physical infrastructure, from generation to our meter, than for generating the
electricity itself.

Figure 4: Cost contributions to residential electricity bills averaged across the NEM.
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chart in the 2023 edition is less intelligible, so this 2022 version is retained for illustrative purposes.
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2 How do we pay for the Total System Cost?

Driving an Energy Transition from $50/MWh to
$200/MWh Wholesale

In any discussion about completely replacing an entire interconnected generation
system, it is important not to get lost in details and decimal places, but to retain a
practical sense of the big, round numbers. The main power system that Australians
inherited was engineered in the 20th century on a foundation of low-cost mine-
mouth coal. That system can provide bulk electricity at a wholesale cost of about
$50 per megawatt-hour (MWh) or in other words 5c per kilowatt-hour (kWh).
Power from that fleet is sent out to the physical transmission system, with gen-
eration optimised across the plants on the interconnected regions, and available
whenever it is needed, 24 hours a day, 365 days a year.”

The contemporary National Electricity Market is operated under a set of rules
designed to signal the marginal cost of power. Under what was historically con-
sidered normal competitive market conditions, there is at all times a reserve of
available and instantaneously dispatchable generation capacity beyond the total
level of customer demand for power. Where a flexible, fast-response open cycle gas
turbine is meeting the last megawatt of demand and therefore setting the price, if
the gas price is about $10 per gigajoule, the wholesale spot market electricity price
at that moment will be about $100/MWh, which is 10 ¢/kWh."

Computer models can be used to estimate the lowest cost at which generation
could match hourly demand in the National Electricity Market without coal-fired

or gas-fired generation, with the nuclear energy bans in place, and instead relying

v If the coal fleet is pushed far from its optimum operating conditions, costs are
driven up, and revenues are driven down. At some point in that process, a plant
can be rendered prematurely uncommercial and withdrawn. That has happened to
a number of plants. For example, the Northern power plant in South Australia (SA),
now demolished, was commissioned in 1985 and retired in 2016 about 20 years
short of a normal service life. As a result, the small SA system relies to a significant
extent on the ability of the far larger fleet of brown coal plants in the Latrobe Valley
to increase or decrease their output to balance, stabilise and secure SA at relatively
low marginal cost.

vi  The technical and economic market rules are conceptually simple, but in practice
they are very complex. In less than 20 years since AEMO and the AEMC were estab-
lished in 2005, the version number of the National Electricity Rules is now over 200
and the document runs to almost 2,000 pages. The rules are the successor to the
prior series of NEMMCo rules from 1999, adapted from the original Victorian Power
Exchange rules from the mid-1990s, which were adapted from the original gross
pool market design in England and Wales. Great Britain has since made at least two
major changes to the basic type of electricity market design in place. The lesson is
that the set of rules for competitive electricity markets are technically very complex
and have proved to be unstable over time in most jurisdictions where they have
been implemented. These issues are beyond the scope of the present paper, which
is focused not on price formation, electricity market design, or competition policy,
but rather on the essential aspects of total system cost.

The Ruinous Cost of Free Energy
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entirely on wind and solar power, existing hydropower (assuming Snowy 2.0 is
operating along with significant additional pumped hydro capacity), and batter-
ies of electrochemical storage. Research that the present author has supervised
suggests that the total system cost of an interconnected generation system of that
type would approach $200/MWh, or 20c/kWh averaged over all annual energy.
The estimate is conservative (low) for a number of reasons. It does not include cost
recovery for the extensive ‘Rewiring the Nation’ transmission upgrades, nor any
costs in the distribution systems, nor any risk premium reflecting the high market
price volatility in such a system.

The current National Electricity Market, which has a very low share of wind
and solar generation relative to a fully decarbonised system without coal, gas or
nuclear generation, transmits wholesale prices up to the cap of $16,600/MWh
(1660c/kWh) and down to the floor of negative $1000/MWh (-100c¢/kWh) with

increasing frequency.

Fixed and Variable Costs

The bulk of the costs of converting energy into electricity are fixed. Those fixed
costs are translated into customer bills to cover debt service and equity returns on
the capital physical infrastructure, depreciation of that physical infrastructure, and
the labour required to operate and maintain the assets that comprise the system.
Further costs include company overheads and green compliance costs. Very few of
the costs vary with consumption of fuel. The upstream fuel supply chains them-
selves are dominated by fixed capital, for gas wells, pipelines, and compressor
stations, and for coal mines, mining equipment, conveyors and trains.

Electricity is priced to customers with most emphasis on the variable cents per
kilowatt-hour (kWh) and less on the fixed costs. This pricing structure reinforces
the misconception that generation is the primary driver of the cents per kWh rate
charged by retailers.

Consumers must better understand that cents per kWh — a measure of con-
sumption — does not reflect the mostly fixed cost structure of the electricity
supply system. Networks, environmental and retail costs are largely fixed, at least
compared to daily and seasonal time scales. Even generation costs are largely slow
moving: only a small portion of the generation fleet is exposed to variable costs at

daily time frames."i

vii  Furthering this understanding amongst consumers — and indeed amongst decision
makers — should be one of the goals of those involved in planning and administer-
ing the electricity markets of Australia. In the meantime, Brisbane based electrical
engineer and host of the “The Baseload Podcast”, Ben Beattie, has produced a
useful series of graphics, Cost Drivers in the NEM 2050, which are reproduced in
Appendix One.

The Ruinous Cost of Free Energy





2 How do we pay for the Total System Cost?

Among the biggest impacts on total system costs are deliberate decisions by
governments — such as targets and subsidies — that distort the fixed and variable
components of system costs.

Regulatory policy and the way competition policy has been implemented in
Australia, as well as policies on the environment and climate change, need to be
considered in any discussion of the structure and level of electricity prices. However,
to properly consider the price people end up paying for electricity, it is necessary to
understand the cost of an electricity system, which is the focus of this paper.'¢ A sub-
sequent paper will build on this foundation to explore prices, price formation, and
price regulation in greater detail. Beyond costs and prices are other considerations
regarding the competitive market and future electricity sector competition policy.

To expose the full costs of providing electricity, we need to apply systems

thinking.
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3 What is a system?

WHAT IS A SYSTEM?

There is perhaps no better answer than the extended quote below, transcribed from
a short talk by pioneer in the field of operations research, Russ Ackoff, in 1994
(emphasis in bold and italic added throughout):

A system is a whole...that consists of parts, each of which can affect
its behaviour or its properties.

You, for example, are a biological system called an organism, and you
consist of parts, your heart, your lungs, your stomach, pancreas and so
on, each of which can affect your behaviour or your properties.

The second requirement is that each part of the system, when it
affects the system, is dependent for its effect on some other part.
In other words, the parts are interdependent.

No part of a system, or collection of parts of a system, has an inde-
pendent effect on it. Therefore, the way the heart affects you depends
on what the lungs are doing and the brain is doing. The parts are all
interconnected. And therefore, a system is a whole that cannot be
divided into independent parts. Now that has some very, very import-
ant implications that are generally overlooked.

First, the essential or defining properties of any system are proper-
ties of the whole, which none of the parts have. ... when a system is
taken apart it loses its essential properties. ... the system is not the
sum of the behaviour of its parts, it's the product of their interac-
tions. ... Now, what does that mean?

If we have a system of improvement that is directed at improving
the parts, taken separately, you can be absolutely sure that the
performance of the whole will not be improved. And that can be
rigorously proven."’

No power system can be understood properly without understanding the definition,
description, and explanation above. A short note is needed here on terminology:
the term power system is preferred over ‘network’, ‘power network,” ‘power grid’,
or simply ‘grid’. A network refers to transformers and conductors that connect

generators to loads.
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The ‘grid’ is formed and sustained by the synchronous operation of the gener-
ators within an AC (alternating current) power system.'$ The ability of generators
to synchronise to form a grid, and to remain synchronised at a common fre-
quency affects the behaviour and properties of the system as a whole. The relevant
behaviour of a power system includes frequency, phase angle and voltage stability.

Relevant properties of a power system include its strength — referring to the
system’s ability to withstand disturbances. The ability of the system operator to
keep the system in a secure operating condition, and hence to be confident of
meeting reliability criteria is heavily influenced by the technical characteristics of
the system. Changes to a system that reduce its ability to perform as required may
be offset by other changes, which will have an associated cost.

At this point it is becoming evident that there is a great deal more to the total
system cost than the annualised average or ‘levelised’ costs of generating electricity.

In the last decade or more, the system has seen the addition of a large volume of
solar panels on the rooftops of residential and commercial customers. The uptake
of small-scale solar systems in customer premises, as well as the deployment of
large arrays of large-scale wind turbines and solar panels has had an adverse effect
on system operation.

When a consumer installs rooftop solar panel, the consumer draws less elec-
tricity from the system, and daytime load on the system is reduced. Any electricity
generated by the rooftop solar and not consumed ‘behind the meter’ is exported
into the distribution network, further reducing load on the system. This system
load reduction forces large-scale generators to reduce output. But the large-scale
generators, transmission and distribution networks, retailers and environmental
costs still exist. Less energy use does not mean less fixed cost. The opposite is the
case: at the total system level (including the solar panels), the fixed costs and the
total system costs have increased.

Systems thinking exposes these effects. When most of the total system cost is
fixed and not related to the quantity of electricity delivered, reducing the quantity
delivered must reduce total system revenue. Less revenue for the same costs must
result in a higher price. When consumers are billed in cents per kWh, and the kWh
decreases, the consumer’s bill will reduce in the short term. However, the system
delivering less kWh must still recover the total system costs. Therefore, cents per
kWh must increase in future periods (regulators will allow, see also Appendix 1).
That is the case even before including the additional fixed costs of the solar panels,
which must be recouped somehow.

Another system-level effect of rooftop solar is that electricity distribution
systems in the suburbs become more complex. Suburban distribution networks
are sub-systems of the total system. Additional complexity in those sub-systems
increases complexity in the system as a whole. Inverters, smart meters, voltage
monitoring, communications systems, home batteries, community batteries, vehi-

cle-to-grid schemes are examples of innovative technology that is fascinating to
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watch being deployed. It all represents costs being added to the system that were
completely unnecessary just a few years ago, without necessarily adding benefits,
or sufficient benefits to justify the extra costs.

Rooftop solar policies are directed at one part of the system, without consider-
ing the effect on the whole. Therefore, if Ackoff is correct, systems theory predicts
that the performance of the whole will #of be improved. At the highest level, the
performance we are interested in encompasses reliability, cost, and broad environ-
mental impact. The emphasis of this paper is on costs. Total System Cost is the
key. If the total system cost increases — even if there is no degradation of reliability,
and no overall reduction in broad environmental impact — the performance of the
whole will not have been improved."”

Reduced performance of the whole system, as predicted by systems theory is
indeed what we see, despite reports and widespread claims that renewable energy
is ‘the cheapest’ form of electricity generation or, more broadly, of energy. For

example, the Minister for Energy & Climate Change, Chris Bowen, has said:

The AEMO and CSIRO GenCost report has made clear the hierarchy
of costs: renewables being the cheapest and nuclear being the most

expensive.?®

The Integrated System Plan (ISP) published by the Australian Energy Market
Operator (AEMO) and the report containing estimates of the current and future
costs of generating electricity from various technologies published by the CSIRO
have unfortunately been leading energy ministers, governments, and the Australian
public to dangerously wrong conclusions.
The conclusions are dangerous for Australia because they are damaging on a
number of levels:
e technically, for the operation of the physical power system itself;
e economically and financially, for Australian households, businesses and
society at large; and
e environmentally, via adverse impacts on rural communities and natural
ecosystems.
Within the scope of Total System Costs, the structure of this paper is summarised
in the following short statements:
1. The system with the lowest total cost is the one we have.
2. The levelised cost of energy of any generation type does not reflect Total
System Cost.
3. There is a modest role for renewable technology before it increases Total
System Cost.

3 What is a system?

The Ruinous Cost of Free Energy 15





THIS PAGE INTENTIONALLY LEFT BLANK

16 The Ruinous Cost of Free Energy





4 Why the lowest cost system is the one we have

WHY THE LOWEST COST SYSTEM IS THE
ONE WE HAVE

The system with the lowest total cost is the one we have for a number of reasons.
Existing assets require operation and maintenance, not full capital investment.
Periodically, additional capital may be required to refurbish and extend the life
of assets. While these observations can be applied to any asset, it is appropriate to
focus our attention first on the fleet of existing coal-fired power plants. That is also
where much public and media attention is currently focused.

Although it is not necessarily popular to acknowledge it, the 15 coal plants
with 44 individual generation units with more than 20 Gigawatts of capacity are
at the heart of the existing power system in Eastern Australia. There are also three
coal plants with seven units totalling 1.4 GW in the South-West Interconnected
System (SWIS) in WA (see Table 1, below). In the mid-2020s, coal plants continue
to provide the majority of the bulk power generated throughout the year. The coal
fleet makes the largest contribution to continuously available capacity.

It is true that some of the fleet is approaching ‘engineering old age’. The oldest
unit in service was commissioned in the 1970s and the youngest in the late 2000s.
The future of the coal fleet would eventually become an issue regardless of the
public debate on climate change. In theory, a power generation fleet largely owned
and fully operated under competitive (or ‘contestable’) free market policies, laws
and regulations, would evolve over time as investment capital responded to price
signals. While that is what is supposed to happen in theory, it is clearly not the lived
experience in Australia, when decisions about the timing of closure are increas-
ingly driven either directly by government, or indirectly from government through
the economic impact of policies that support the forced expansion of alternative
sources, especially solar and wind.?!

The Table below shows the power stations projected to close by 2035, and the

year of commissioning, for the major power stations in the NEM.??
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Power Station

Eraring*

Torrens Island B

Collie
Callide B
Yallourn
Bluewaters
Muja

Vales Point B
Bayswater
Callide C
Gladstone
Kogan Creek
Loy Yang A

Stanwell

Tarong & North

Total

State

NSW

SA

WA

QLb

VIC

WA

WA

NSW

NSW

QLD

QLD

QLb

VIC

QLb

QLb

Fuel

Coal

Gas

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Table 1: Australia: Power Station Closures to 2035.

Commissioning

Date

1982

1967

1999

1989

1975

2009

1981

1978

1982

2001

1976

2007

1984

1993

1984 & 2002

the hundreds of millions rather than billions of dollars.

Notified
Closure

2025

2026

2027

2028

2028

2029*

2029

2029

2033

2035

2035

2035

2035

2035

2035

T This table was prepared prior to the recent announcements by the NSW

Capacity
(MW)

2,880
800
340
700

1,450
400

1,094

1,300

2,600
825

1,680
750

2,200

1,400

1,840

20,259

It is common in analysis of any power system to assume that a coal plant has a
technical service life of 50 years. This is a reasonable assumption for analysis,
in the absence of other information. However, contrary to popular belief, coal-
fired power plants do not have a pre-determined life. Coal-fired power plants can
be refurbished periodically and remain in service for an indefinite period, recall-
ing the Ship of Theseus or the ‘grandfather’s axe’ of popular lore. In the case of
well-maintained coal-fired power plants, the capital required for such refurbish-

ments is typically an order of magnitude smaller than for new plants: measured in

Government concerning the extension of the life of the Eraring Power Station.
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A new plant can offer more advanced technology, higher efficiency (and hence
lower fuel costs), and lower emissions. However, a new plant needs to be able to
justify its full capital cost rather than a small increment of capital, as is the case for
investment in the refurbishment of existing assets. The relatively small incremental
benefits offered by a new high efficiency, low emissions coal-fired plant relative to
an old coal-fired plant are likely insufficient to justify the large capital investment.
Additionally, a HELE plant must burn higher quality fuel, typically reserved for
export markets and the associated price premium.

Therefore, in an electricity market such as Australia that has exhibited low or
no-growth for a prolonged period, it is very unlikely that there would be invest-
ment in new coal plants, even before considering the question of climate change.??

That situation dictates the reality that the benchmark for comparing costs is
not a hypothetical fleet of new coal plants: it is the existing fleet of older coal
plants. Whether the motivation for any given policy is the reduction of emissions
or any other reason is beside the point. If an alternative cannot be deployed at a
lower Total System Cost than the existing system, the alternative is higher costs.

That is the sense in which in this paper we say the lowest cost system is “the
one we have”, when strictly speaking we refer to the low cost base load system
that we had, prior to the interventions which have already moved us into a higher
cost zone. The diagram below shows the three principal cost zones, that of the
“system we have” (or had), the emergent reality of one based on gas, or possibly
new base load, and the future state (per official objectives) of a high cost system
built on renewables.

Government policies at both the state and federal level, and official plans (such
as the Integrated System Plan or ISP originally published in 2018 and biennially
since?*) assume, encourage, or require the elimination of coal-fired generation, not
on cost grounds, but on emissions grounds. Many statements and much media
reporting and other commentary suggests that coal is being removed from the
system because its costs are too high, or because the cost of the favoured alterna-
tive, wind and solar power, is so low. That is misleading: at best a half-truth or a
misunderstanding based on partial information and incomplete analysis.

The economics of wind and solar power are typically viewed in two ways. Each
represents only a part of the picture. The first perspective says that wind and solar
provide “free energy”, because there is no fuel cost. Once the fixed capacity exists,
there is no cost to providing an extra unit of output. In economic terminology it
is said that wind and solar power have zero short-run marginal cost. An example
of this view is the quote from a prominent Australian renewable energy advocate,
Tim Buckley:

Cheap solar is parasitic, it destroys the competition because it has zero

marginal cost.?®
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The “free energy” view does not acknowledge the up-front capital costs, and the
need for investors and lenders to earn a return on that capital.

The second perspective is the Levelised Cost of Electricity (LCOE), which
acknowledges the up-front investment required to generate electricity from the
wind or the sun, and ‘levelises’ that cost across the output from the turbines or the
panels over their life. The limitations of LCOE are discussed in the next section.

Figure 5: Wholesale energy market outcomes.

Three Systems: Three Cost Zones

Comparative wholesale cost $/MWh (annual average system-wide)

Additional costs over and above
wholesale market, for wind/solar linked . . ) )

transmission and distribution spend.

$200

IMWh

Where w — gas drives
cost ( base load)

$100

IMWh

$50

IMWh

Cost zones Main energy sources
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LCOE GIVES A DISTORTED VIEW OF
ELECTRICITY ECONOMICS

LCOE is not recommended for selecting from
mutually exclusive alternatives.

Using LCOE is convenient, because the formula is simple and can be easily calcu-
lated by anyone with access to a spreadsheet. The limitations of LCOE are widely
recognised, including by the CSIRO:

LCOE is a simple screening tool for quickly determining the relative
competitiveness of electricity generation technologies. It is not a
substitute for detailed project cashflow analysis or electricity system
modelling which both provide more realistic representations of electric-

ity generation project operational costs and performance.®

The report then goes on to note ‘several issues and concerns in calculating and
interpreting levelised cost of electricity’, which have been acknowledged since the
2018 edition of the same report. The US National Renewable Energy Laboratory
identified the shortcomings and limitations of LCOE at least as early as 1995.
LCOE is not recommended for selecting from mutually exclusive alternatives.?’

LCOE is a simplified calculation applied at the generation level: it is not able
to provide insight into the Total System Cost with various types of generation
technology.

It is well-recognised in the literature that ‘with the increasing penetration of
variable renewable energy (VRE), it is inappropriate to use traditional equations
to calculate the LCOE for non-dispatchable VRE due to its intermittent nature.’?

Readers interested in learning more about the role of LCOE, and its limita-
tions, can refer to a Working Paper published by the IPA in April 2024, Issues With
the Levelised Cost of Electricity: Why a Simple Metric Cannot Determine Our
Energy Future. As stated in the Foreword:

The LCOE is a measure of the average net present cost of electricity

production for a generating asset over its lifetime. It does not tell us
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the full cost of electricity generation. Neither does it tell us the cost of
the poles and wires that deliver the electricity. Moreover, LCOE does
not tell us the cost of other power supplies — mostly coal and gas — that
must be there as a backup to support variable renewables when the
wind doesn’t blow or when the sun doesn't shine...

The fundamental problem with the current approach to estimating the
cost of energy by generation is that LCOE is a project-level metric, and
one that is easy to manipulate to deliver a desired outcome. It does not

scale up to reflect the complexity of Australia’s electricity markets.??

The paper presents a fully worked example demonstrating large effects of changing
a few key assumptions (and why changing these assumptions can be justified). In a
progression table, we see the impact of adjusting capacity factors, discount rates,

and asset life.

Table 2: The combined impact of capacity factors, interest rates and
operating life on LCOE.Vii

Onshore wind Solar PV Black coal
Interest rate (r) 5.99% 5.99% 5.99%
Operating life (n) 20 25 40
Overnight capital 2,642 1,572 5,398
cost ($/kw)
Fixed O&M ($/kw) 25 17 53
Capacity factor 32% 22% 89%
Fixed cost sub-total 91 73 53
($/MWh)
Efficiency 100% 100% 40%
Fuel cost ($/GJ) 0 0 7
Fuel cost ($/MWh) 0 0 17
Variable O&M ($/ 0 0 4
MWHh)
Variable cost sub- 0 0 21
total ($/MWh)
Total LCOE ($/MWh) 91 73 74
Base case ($/MWh) 55 47 108
Variation ($/MWh) 36 26 -34
% change 65% 54% -31%

viii This originally appeared as Table 5, on page 11, of IPA Working Paper #1: Issues
with levelised cost of electricity.
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WHY IS THE OPTIMAL ROLE FOR
RENEWABLE ENERGY ONLY MODEST?

Renewable energy will reduce Total System Costs only when the additional costs
of renewable energy are less than any costs avoided across the system. The costs
avoided by renewables (wind and solar) are limited to the reduced fuel costs in
coal and gas power stations. However, the intermittent nature of renewable energy
means that capacity-related costs, at best, cannot be avoided and, at worst, are
increased. At low shares of renewable energy, it may be possible to avoid burning
fuels with high marginal costs. As the share of renewable energy increases in a
system, its value to the system decreases as it ‘eats into’ fuels with lower and lower
marginal costs. The reality of the Australian experience shows this — over 7 GW of
coal-fired power stations have closed since the Renewable Energy Target subsidy
scheme commenced in the early 2000s, the vast majority since 2010. Less than 1
GW of gas-fired generators have retired in the same period.

Renewable energy can displace coal (and gas) generation, but it cannot by itself
replace synchronous generation. As higher and higher shares of renewable energy
are deployed in a power system, it becomes progressively more and more difficult
to match generation with load. AEMO per its 2023 reliability update now identi-
fies the weather as a key driver of reliability risk:

Wind availability at times of high demand is a key driver of reliability
risk.
A revision to the prediction of wind generation suggests that low wind

conditions coincident with high demand are more probable.®

The solutions used to manage this problem so far include curtailing the output from
wind and solar, and paying large loads (aluminium smelters) to reduce consumption
(partially or temporarily).’! Further ‘demand management’ due to the unpredict-
able effect of weather on electricity supply is expected in coming years, with recent
heatwaves seeing widespread reduction of air conditioning consumption.>?

Storage via batteries and pumped hydro is often raised as a means of shifting
excess wind and solar generation to periods of high demand, but each has sig-
nificant limitations with respect to delivering the necessary duration of supply at
anything like a reasonable (system) cost.
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7 We are at or near the saturation limits of renewable energy

WE ARE AT OR NEAR THE SATURATION
LIMITS OF RENEWABLE ENERGY

The question arises: what proportion of the energy required could be drawn from
renewable energy, before energy security is threatened, for the reasons outlined
earlier in this paper? This is the ‘saturation limit’.

It is a well-established principle in system planning that the first approxima-
tion of the saturation limit for renewable energy is its annual capacity factor. This
depends on the location, but typically ranges between about 20 per cent (solar) and
30 per cent (wind) but can be as low as 15 per cent or as high as 40 per cent (some
places are sunnier or windier than others).

The precise answer depends on factors such as:

o the relationship between the patterns of generation relative to the shape of

the load;

e the capital and operating costs of storage relative to wind and solar gen-
eration (taking into account the charge-discharge cycle round trip energy
losses);

e the cost and performance characteristics of alternative generation technol-
ogies; and

e the configuration of the generation-transmission-distribution system as a
whole.

Given the above, the working hypothesis should be that the level of renewable

energy already in the system is at or near the saturation limit.
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8 How can free renewable energy cause prices to increase?

HOW CAN FREE RENEWABLE ENERGY
CAUSE PRICES TO INCREASE?

Our electricity consumption changes from second to second, and the generation
of electricity must precisely match consumption. Even storage such as dams and
batteries consume electricity (when pumping or charging) that must be balanced
instantaneously with the generators. This process does not need to be costly, but
policies by state and federal governments over the last two decades have made
this balancing act increasingly difficult. Difficulties can be overcome, but at a cost.
Higher costs translate into higher prices.

Energy is not the same as electricity. Left undisturbed and unused, energy in
its raw form does little for us. Water flowing in a river or falling in rain; coal, gas,
oil, uranium buried in the ground; sun and wind from the sky — there is no cost
but also no electricity. The cost comes with conversion of energy into electricity
and making it available to all consumers at precisely the instant it is needed. This
service includes the instantaneous transmission and distribution of electricity from
the point of generation to the point of consumption at the required quality (voltage
and frequency). Energy policy should be aimed at making the conversion of energy
into electricity, and making it available to all consumers everywhere, at the lowest
possible cost. Unfortunately, this imperative has been deliberately ignored in recent
years.

Now consider a large coal-fired power station, with its own coal mine. This
generator is shielded from international fuel price fluctuations and, while expensive
to build, that up-front cost is expected to be recouped over 30 years by generat-
ing as much electricity as possible, day in day out. Generating the largest possible
quantity of electricity allows the power station to sell its electricity for the lowest
possible price while maintaining the plant, servicing its debt, and earning a return
for the owners. The model is high volume at low cost per unit output. Low unit
costs allow the fixed capacity to be used more.

The opposite is true of gas-fired power stations in Australia. The up-front
capital cost is relatively low, but the operating cost is closely coupled to the price of
gas. A gas-fired power station’s operating model is low-volume at high-cost. Higher
unit costs mean they get used less. The lower fixed costs can be recovered over far

fewer operating hours per year.
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An intermittent generator — typically wind and solar — has no fuel costs and
a low operating cost. But the intermittent and variable output places demands on
the rest of the system that means the overall cost of generation increases across the
system as a whole. The operating model is low volume at low cost. This problem
is exacerbated because the output cannot be controlled, and similar assets tend to
produce their output at the same time, when the system doesn’t necessarily need or
value it. The low volume and the price depression effect means the revenue must
be guaranteed by another source (such as renewable energy certificates or other
schemes) to subsidise the electricity output.

Rapid growth of rooftop solar has led to the current situation where the
capacity of all solar panels combined is the largest single ‘generator’ on the system.
When the sun is shining, this huge capacity reduces the market share available to all
generators. This is another reason why the overall cost of the electricity system has
increased. As well as creating extra costs for existing generators due to intermit-
tency, variability and loss of market share, rooftop solar receives state-mandated
feed-in-tariffs. Those financial flows are an additional cost for retailers to pass on

to customers.
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CONCLUDING OBSERVATIONS

We began by describing the energy trilemma, and noting that in a previous paper,
Energy Security IS National Security, we established that to achieve energy security
we must have a system built on baseload generation. Renewable energy cannot
achieve energy security, and indeed the further pursuit of it will imperil national
security.

In this paper we have examined the next part of the trilemma, cost, and estab-
lished that the cheapest total system cost will be achieved by a system with a
preponderance of baseload generation, not one built on intermittent renewables. It
has provided a framework by which one might calculate the total system costs, and
thus ultimately the costs to consumers; a framework superior to those reliant on
LCOE. To do so would be a major but not impossible piece of work. Indeed, the
search for granular detail should not blind us to the reality that we are dealing with
not incremental costs but almost orders of magnitude. As shown in Figure 1, the
cost of the current system is already double what it was fifteen years ago.

Based on the foregoing, the total system cost of a renewables-based system
(>80%) may be two or three times as expensive as one premised on baseload
(whether current or with new build nuclear), and a ‘renewables only’ system is
likely to be five or six times as expensive. All such costs must ultimately be recouped
from the consumers, if not the taxpayer.

A genuine appreciation of the final element of the trilemma, environmental
goals, leads to a blunt conclusion that has already been made by others: there is no
‘Net Zero’ without nuclear energy. As remarked by Dr Fatih Birol, the head of the
International Energy Agency:

In my view the main driver for pushing nuclear to the forefront was
energy security.

If you want to reach Net Zero without having any nuclear [energy] it is
impossible. It plays a crucial role.... in today's economy, if you want to
compete, you need stable electricity prices.??

This paper is concerned principally with showing how a move away from baseload
leads to higher total system costs (with costs progressively increasing from the

baseline of existing generation, to new build baseload coal or nuclear, and thence to
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further reliance on intermittent renewables). So, while the arguments for removing
nuclear prohibitions are persuasive and have been made elsewhere, they have been
beyond the scope of this particular paper.

That said, I agree with the observation that wind and solar power is a cheap
way to provide expensive electricity, whereas nuclear power is an expensive way to
provide low-cost (but high value) electricity. The saying is not only witty, but true.

It is true that nuclear energy requires large capital investments, and that it takes
time to plan, prepare, finance, and build nuclear power plants. Avoiding increas-
ingly high cost electricity while also pursuing environmental goals would require
prudent management for a number of years of the existing system, including the
existing coal plants and gas plants, while replacement baseload assets capable of
playing the same role without incurring far higher costs are planned, prepared,

financed and deployed.
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APPENDIX ONE

Cost drivers in the NEM 2050

Estimates of future consumer costs will always be subject to external factors that
change over time. What can be done with certainty is describe the current system
and establish cost drivers. Planned future scenarios can then be discussed relative
to the known system.

All electricity system policy should be discussed in terms of effect on consumer
prices and the system as a whole. The insistence of forcing renewables into the
electricity system to chase arbitrary emissions reduction targets ignores the impacts
of these policies on consumers.

A systems approach should consider the physics of the entire electricity system
operation, and the market that’s supposed to pay for it. The National Electricity
Market (NEM) includes most of Queensland, New South Wales, Victoria, South
Australia and Tasmania.

A systems approach reveals consumer bills include the costs of generation (whole-
sale), networks, environment and retail, adequately conveyed by the Australian
Energy Regulator in its annual State of the Energy Market reports. Combined, the
cost of wholesale and networks make up over 80 per cent of consumer bills.

Since there is no path for intermittent sources to reduce network, retail or
environmental costs, lower consumer prices under the proposed high-renewables
system can only occur if renewables lower the wholesale cost component more

than increases in all other cost components combined. This is not feasible.

Retail prices are whole system costs

Retail prices reflect the total system costs, reinforcing the importance of systems
thinking being applied to electricity policy. If the system costs more, the people pay
more.

High up-front generation cost does not necessarily mean high consumer costs.
$/MWh x MWh = $. A baseload generator can see high $ at a relatively low
$/MWh if the MWh are high.

Analogy 1: a bicycle is cheap to buy and low emission, but nobody jumps on

the Malvern Star to pick up the family from the airport.
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Analogy 2: which do you prefer, a $5 pizza with $10 delivery, or a $7 pizza
with $5 delivery?
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Source: St Vincents de Paul Society, 2023, The NEM: Where Prices are High and Innovation is Low,
(chart 1).

Do transmission lines reduce system cost?

Transmission costs and the regulated guaranteed profits are recouped from con-
sumers in proportion to the value of the network. The regulatory asset base (RAB)
of transmission in 2023 was $23.1 billion.

AEMO’s 10,000 km of new transmission network, proposed by 2050, requires
possible spending to 2030 of an additional $32 billion according to AEMO ISP
estimates.

An additional $32 billion would be a 140 per cent increase by 2030. If the
transmission component of your monthly bill is $100 today, it could increase to
$240 by 2030.

There is no path for cost reduction in the transmission network.
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Regulatory asset base

Transgrid (NSW) (F)
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Pewerlink [Qld) (3)
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ElectraNet (SA) (P) - $3.2 billion (A 8%)

TasMetworks (Tas) (&) - $1.5 billion (¥1%)

Directlink (P I $153 million (3

Murraylink (P) I $122 milkon (V4%)

W Total RAS: $23.1 bilian

Source: AER, 2023, State of the Energy Market Report.

Can renewables reduce long-term wholesale
prices?

Much is made of the ability of renewables to reduce wholesale prices. Closer
inspection of wholesale market data indicates that intra-day wholesale prices are
indeed forced very low by rooftop solar. However negative prices are still a cost (on
somebody) that must be recouped (from consumers).

The argument most often raised to promote the ability of renewables to reduce
wholesale prices is the merit order effect, where low-cost generation forces out
high-cost generation, therefore lowering the wholesale price. However, market
data indicates that high-cost generation is pushed out of the market far less than
mid-merit generation. In other words, baseload generators like coal are pushed out,
leaving the high-cost gas, hydro, and increasingly batteries, to set the wholesale
price.

Over longer periods, e.g. quarterly, data indicates that renewables increase
wholesale price volatility. This unpredictability increases costs throughout the
system. A system dominated by low-volatility baseload generation offers the lowest
long-term wholesale price. The evidence of this can be seen in the NEM’s average
wholesale prices circa $50/MWh prior to the introduction of renewables.

Additionally, the vast majority of renewables are contracted separately, usually
above the market price. These costs must be recouped from consumers, regardless
of fluctuations in wholesale price. The proposed Capacity Investment Scheme will
establish a floor price for renewables, ensuring the market cannot naturally achieve

lower prices.
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[ Wy
The information in this Appendix is reproduced from fact sheets created by Ben Beattie
BEng(elec) CPEng RPEQ, a Brisbane based electrical engineer, and host of The Baseload
Podcast, available on all leading platforms including Apple and Spotify (https://open.
spotify.com/show/6A7 gfCxyRhJhE gyck9wx{E)
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APPENDIX TWO

What is energy security?

Energy security may be defined by combining definitions of energy and of security

as:

the power to be free and to do work.

Figure 5: Defining energy security: the Canberra definition®

energy security .
question
power to apply the state of
a force or the being free
capacity to from danger How do energy
et Power to or threat, of security and
productive be free feeling safe, national security

work in the and to do stable and free
service of people \RYe) 4 4 from fear and
and society anxiety

relate to one
another?

Why energy security matters

‘Stop blowing up your coal plants — you’re not ready to live

without them yet!”

—Maria Korsnick, President and CEO of the Nuclear Energy Institute

Without energy security a nation may be rendered powerless. Without sufficient
propulsive power at its disposal, an army, a navy, an air force, a space force,
or a cyber force is unable to position itself as needed, or is unable to apply the

The Ruinous Cost of Free Energy





11 Appendix Two

concentrated force required for national defence. For this reason, direct attacks on
energy supply lines and infrastructure are standard in military strategy and tactics.
In the civilian sector, the capacity to do work applies in the narrow engineering
sense through the machinery and systems of agriculture, transport, communica-
tions, industry, business and financial services; and also in the broad socio-economic
sense. Without adequate capacity to do work, a nation will rapidly grind to a halt,
both literally and figuratively, and descend rapidly into civil unrest, and poten-
tially into long-term civilisational collapse. Unable to defend itself, and without
the capacity to do work, such a nation will then be liable to lose its freedom. Deep
understanding of the mutually interdependent nature of energy security between the
military and civilian realms is vital. Defence forces require secure energy supplies
to be able to defend energy and national security. Australia is an island continent
with abundant resources. Australia’s energy security is an integral and vital part of
the energy security of neighbouring nations, especially in the Indo-Pacific region.

Further reading: Energy Security IS National Security, IPA, November 2023,

1pa.org.au.
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The big plan that Australia can build enough wind farms, transmission lines, and back-up
storage to power a renewable energy future is deluded and unachievable at any realistic cost,

argues IPA Executive Director Scott Hargreaves.

As a modern industrial economy with a growing population, affordable and reliable electricity is
central to everything Australia does. It allows our cities to work, keeps our homes habitable and
safe, and powers the machinery and computer centres that underpin modern business. It seems

it will soon also be powering more vehicles. Electricity is an essential good, the true value of which





is only appreciated when it is not available. Unlike any other good, it needs to be used at the
same time it is produced. While battery technology can provide some storage, it is incapable of
meeting any more than a few minutes of actual demand. But during the federal election
campaign, Labor doubled down on net zero policies that will destroy our energy system. On the
basis of ‘modelling’, it boasted that renewable energy’s share in the National Electricity Market
will reach 82 per cent by 2030. Its $20 billion Rewiring the Nation policy promises lower power

prices and more renewables.

Renewable energy currently makes up around 39 per cent of total NEM capacity, yet Labor is
suggesting Australia could more than double this in just over seven years. Following the lead
from Canberra, the Australian Energy Market Operator (AEMO, the organisation charged with
keeping the lights on) released its 2022 Integrated System Plan (ISP) on 30 June 2022. Effectively
saying the same thing as the Federal Government, AEMO upped the hubris by claiming the

energy transition was irreversible and represented a ‘once-in-a-century opportunity’.

The Albanese government’s energy policy and AEMO’s |latest plan achieves that rare feat of being
both unrealistic and unaffordable. In the past 20 years the focus has been on renewable energy
sources, especially wind and solar. Government schemes to promote their use started with the
Howard government'’s introduction of the renewable energy target in 2001 that mandated a
specific market share. This has been supplemented by various State-based schemes that

underwrite the cost of developing new renewable energy projects. It is time to face reality. We





must, because of the impacts of current and future energy plans on consumers and the
economy, and because it is imperative that we as a nation remain competitive and capable in a

deteriorating global security environment.

Back-up and transmission systems drive up the costs of wind and solar
power.

But in order to succeed why does the cheapest energy source require more subsidies and
government investment? Wind and solar are intermittent—they only work when the wind blows
and the sun shines. In the case of wind, over a year it only produces about 35 per cent of the

electricity a reliable generator could deliver if it ran non-stop all year.

For solar, this is even lower—about 30 per cent for large solar farms and only 20 per cent for the
solar panels on top of homes around Australia. What is more, the best locations for large
renewable projects are often some distance from where the demand is, requiring large new

transmission systemes.

So while wind and solar have low operating costs (when they are producing electricity) but high
set-up costs, the cost of all the back-up and transmission systems is driving up costs. According to

AEMOQO’s Step Change scenario (which it says is most likely), onshore wind capacity will need to





increase from 11,525MW in 2023/24 to 34,415MW in 2030/31. That is roughly a tripling of capacity,
which means about another 7,000 new wind turbines cluttering the landscape. In particular, the
New England Renewable Energy Zone is forecast to see an additional 3,500MW of new wind
capacity installed by 2030. This represents a seven-fold increase in the number of wind turbines in
the New England region, about 1,000 in total. Likewise, solar power increases from 30,000MW in
2023/24 to 51,000MW in 2030/31. This will mean another 100 million solar panels (depending on
size), overwhelmingly from China, and all without any programs to recycle these panels in place

(more on this in a later section).
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ELECTRIFICATION OF TRANSPORT

If AEMO is to be believed, Australia should be looking to increase the level of renewable energy six
to tenfold over the next 20 to 30 years just to meet existing demand, which is about 265 terawatt-
hours (1ITWh =1 trillion watts of energy being produced for one hour). If also—as proponents claim
—we will all be driving electric vehicles, then transport-related electricity demand will be around
634TWh. This means if Australia was to electrify transport, then its total electricity demand would
be 906TWh, which is more than 3.4 times the current demand. It is a ridiculous scenario. And if
Australia were to produce this all from renewable energy, there would have to be an elevenfold

increase (notwithstanding all the difficulties just described).

For at least a decade, it has been well understood that even if technology-level costs of wind and
solar power are low and decreasing (which they were, for a time), increasing the share of these

forms of variable renewable energy drives up the total system costs.

Chart 1 provides an overview of various academic studies that consider the additional costs of
integrating renewables. The key point is the higher the level of variable renewable energy sources
(wind and solar), the higher the integration cost. This cost does not include the actual cost of new

transmission or the cost of the renewable energy itself.

The NEM currently has just over 26 per cent variable renewable energy. Based on Chart 1, the
additional cost of integration is around $20-$25MWh. However, this cost will more than double as

the level of variable renewable energy increases to 50 per cent, and once it hits 75 per cent, the





costs will likely quadruple.

CHART 1: Additional cost of integrating renewables
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This stands in contrast to the increasingly discredited claims made by renewable energy

proponents that energy costs will come down.





CHART 2: Renewable Energy Production
and Retail Electricity Price 2001-2020
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Chart 2 tracks the Consumer Price Index and Retail Energy Price index from 2000 to 2020. It
shows that retail electricity costs have continued to increase as more renewables are put into the
system. The data series ends in 2020 and does not capture the double-digit price increases seen
recently. However, the trend is clear: the more renewables that are brought into the power

system, the higher the cost. This reflects the increasing cost of integration seen in Chart 1.

RENEWABLES DECREASE ENERGY SYSTEM RELIABILITY





The recent energy market events in eastern Australia have highlighted the basic problem of
reliability. There is not enough reliable on-demand power supply to meet our needs, and the
result is seen in rising power bills. While politicians and renewable lobbyists seek to blame coal
power stations for this situation, the opposite is the case: the increased level of subsidised
renewables have led to ageing coal assets being forced to operate in ways for which they were

not designed, by increasing and decreasing output (which also destroys their financial viability).

The demand for electricity naturally has peaks and troughs, during each day and during the year.
During the day, for instance, there is typically a peak as people return from work and turn on
appliances and/or heating or cooling systems. Very hot days in summer drive the peaks even

higher as air conditioners are switched on.

In a well-designed power system the bulk of the power will be provided by base-load generators,
so called because they run pretty much 24/7 and supply the base or minimum requirements
(with peaks occurring above that level). Globally, this is typically supplied by coal or nuclear plants
or—in regions lucky enough to have large rivers with large and predicable flows—hydro. Gas is too
scarce and expensive to serve this purpose, so it tends to be used to supply the difference
between the minimum requirements and the peaks (which is why they are called ‘peak-load’
generators). Base-load generators are expensive to build but can run for decades. Financially, they

make sense when there is confidence that they will indeed run nearly all of the time, and this is





also how they are engineered. This confidence also enables writing long-term contracts for coal
supply, insulating them to some extent against the vagaries of the international market for black

coal (Victorian brown coal does not even have to manage that risk, as it cannot be exported).

The standard peak-load generator being installed today is more or less a gas turbine similar to
that found on an aeroplane, turning a generator (e.g. Origin Energy’s gas-fired power station at
Mortlake in Victoria). In a ‘normal’ energy system these are only called upon during times when
the peaks are very high—sometimes for a few hours a few days a year, when wholesale prices
‘spike’ along with the demand. They earn money mostly by providing ‘insurance’ for retailers—so

that the latter are not out of pocket during the spikes.

Australia’s baseload power stations are now closing more rapidly than expected (when
maintenance and refurbishment could extend their operating lives for years if not decades)
because the companies cannot commercially operate power stations that need to run for 70-80
per cent of the time when wholesale power prices are so often negative. And the reason prices
are negative is because of the levels of subsidised renewables being forced into the system (when

producing, they bid into the market at close to zero to ensure the energy is used).

Consumers do not benefit from these short periods of negative prices because renewable energy
Is underwritten by costly supply contracts. More than a few stories in the media about how

renewables are delivering lower prices are deliberately designed to mislead readers, as the





complex relationship between wholesale and retail prices (and the short and the longer term) is

not explained.

But worse for consumers, these periods of negative prices create a situation where renewables
may be cheaper (for short periods) today, but when they force out large baseload plants over the
longer term, the average price will be set at a new and higher level (as it did following
Hazelwood'’s closure). This situation is exacerbated whenever large baseload plants close—

something that will occur more often on the Albanese Government'’s proposed policy settings.

In 2017 the 1,600MW Hazelwood power station in Victoria closed with six months’ notice. This led
to wholesale electricity price increases of 85 per cent, and serious concerns about the reliability of

power supplies.

The only reason renewables are in the power system is subsidies.

The 1,680MW Liddell power station is due to close later this year. Some have argued that
Hazelwood and Liddell are older plants and their closure was/is inevitable, but the headlong rush

to renewables is now hitting some of our newer and more efficient plants.





Origin Energy has announced its intention to close in 2025 Australia’s largest power station,
Eraring, with the generating capacity of 2,922MW. This alone provides around 20 per cent of
electricity for NSW.

It should be noted that NSW is already the largest importer of electricity in the NEM—it is already
heavily reliant on coal power imported from Queensland after allowing plant closures in recent

years and failing to invest in its own generators.

The proposed takeover of AGL by Australian IT billionaire Mike Cannon-Brookes showcased the
proposed early closure of Australia’s other two large baseload power stations: 2,640MW Bayswater
(NSW) and 2,210MW Loy Yang A (VIC) before 2030. In 2020-21, Liddell, Yallourn, Eraring, Bayswater
and Loy Yang A power stations provided 31 per cent of all electricity produced in the NEM.

But the situation is more acute at the State level. The closure of these power stations would see
around 50 per cent of NSW and Victoria's baseload capacity closed before 2030, with little like-for-

like replacement capacity.

Australian governments are pushing to shutter Australia’s baseload power stations before there is
sufficient replacement capacity. This also impacts reliability, because managing every peak and
trough caused by weather-related surges and energy droughts associated with solar and wind

becomes even harder.





To manage periods of shortage the system operators selectively will first cut back industrial users,
then they will cause ‘brown-outs’ (power being cut off to particular users), and then if they lose
control entirely blackouts will occur (as happened in South Australia in 2016). All these scenarios

will become more frequent.

In June 2022, IPA Deputy Executive Director Daniel Wild and IPA Research Fellow Dr Kevin You
published a landmark report forecasting what will happen to power prices as net zero policies
force our coal-fired power stations out of business (while gas development is strangled and

nuclear energy prohibited.) They focused on the costs to households.

Six coal-fired power stations are set to close in Australia by 2030. The capacities of these six
facilities account for close to half of the total coal-based capacity of the NEM. They also account
for more than 20 per cent of the total energy capacity of the NEM. The coal-fired power stations

due to close are Yallourn W, Eraring, Bayswater, Liddell, Vales Point B, and Callide B.

The report estimated the impacts the closures of these six coal-fired power stations could have

on wholesale and retail electricity prices by 2030.
The report found:

 Queensland families face the prospect of a 110 per cent increase in retail electricity bills, rising
from $1,200 to around $2,500 p.a.





« NSW families face the prospect of a 100 per cent increase in retail electricity bills, rising from
$1,300 to around $2,600 p.a.

e Victorian families face the prospect of a 95 per cent increase in retail electricity bills, rising
from $1,300 to around $2,500 p.a.

e South Australian families face the prospect of a 90 per cent increase in retail electricity bills,
rising from $1,700 to around $3,200 p.a.

e Tasmanian families face the prospect of a 125 per cent increase in retail electricity bills, rising
from $2,000 to around $4,500 p.a.

SOLAR: NOT SO BRIGHT WHEN THE REAL COSTS ARE CALCULATED

Around 90 per cent of solar panels installed in Australia come from China. Polysilicon is a critical
part of solar panels, with 45 per cent of global polysilicon production from the Uyghur region in
China. According to a 2021 report by a team at Sheffield Hallam University, In Broad Daylight:
Uyghur Forced Labor and Global Solar Supply Chains, all manufacturers of polysilicon in the
Uyghur region have either used forced labour (euphemistically called ‘labour transfer programs’)
or been supplied raw materials by companies that have. But the real challenge for Chinese-
produced solar panels is that the cost of inputs are rising, particularly the cost of the (mostly coal-
fired) energy that goes into making polysilicon and solar PV. Ironically, rising fossil fuel costs are

making the production of renewable energy more expensive.





Despite this, renewable energy advocates persist with the view that solar energy’s cost will
continue to decrease. AEMO's cost projections are that large-scale solar PV costs will decrease by
38 per cent by 2030, and then by a further 15 per cent by 2040. This is unrealistic.

The cost of new solar installations will increase, especially for the massive solar farms in remote
areas that will bring similar issues with transmission costs and environmental (and community)

permissions to those faced by wind farms.

In addition, panel degradation will become a significant problem. While solar businesses claim
panel lives of 25 to 30 years, this is only for quality products. And even then, this claimed longevity

is only based on the manufacturers’ warranties.

Recycling old solar panels and wind turbine blades has become a
problem.

However, for many of the cheaper imports (such as those from China), Australia’s harsh conditions
of high UV, high levels of thermal cycling (the difference between night and daytime
temperature), and high humidity can play havoc with lesser-quality panels, leading to severe

degradation in less than 10 years.





This leads to a further challenge, the emerging waste problem of how to dispose of old solar
panels. A 2021 article in Harvard Business Review highlighted this issue, noting the rising

amounts of discarded solar panel and the associated costs:

By 2035, discarded panels would outweigh new units sold by 2.56 times. In turn, this would
catapult the LCOE (levelized cost of energy, a measure of the overall cost of an energy-producing
asset over its lifetime) to four times the current projection. The economics of solar—so bright-

seeming from the vantage point of 2021—would darken quickly as the industry sinks under the

weight of its own trash.

Similarly, there has been no serious discussion about the recycling of wind turbine blades—an

issue the HBR article also notes is likely to become a problem.
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WIND POWER: NOT WORKING AS ADVERTISED

Wind power, while more efficient than solar, is increasingly challenged in Australia. Onshore wind
farms are more difficult to build. They are divisive in local communities. The North American
experience shows local communities are increasingly opposed to wind, just as those in Europe.
Moreover, the actual performance of onshore wind farms does not seem to meet initial
expectations. For example, Macarthur wind farm—the largest in Victoria—was expected to
produce electricity 35 per cent of the time, yet it has struggled to reach 30 per cent. This reflects

that wind turbine performance degrades over time.

While the CSIRO in its ‘GenCost’ study assumes a capacity factor of 44 per cent, the average
capacity factor for Australian wind farms in 2020-21 was 32.5 per cent. This has then led to the
latest focus: offshore wind farms. Even as Victoria has re-announced the 2,200MW Star of the
South offshore project, there has been little scrutiny of offshore wind’s costs and reliability.
Europe’s experience shows these are more expensive than predicted. Analysis by University of
Edinburgh'’s Professor Gordon Hughes shows that while the capital cost of on and offshore wind
farms had decreased, this trend had stopped by 2018. But the operating cost of wind farms have

continued to increase at a greater rate. For offshore wind farms this is even a bigger issue, with





the operating costs being considerably higher than predicted, in large part because the offshore
environment is more challenging, as explained by University of Edinburgh economics professor
Gordon Hughes in Wind Power Economics: Rhetoric & Reality (2020).
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‘ Macarthur wind farm—the largest in Victoria—is
an example of the actual performance of onshore

wind farms failing to- meet initial expectations, ,

Wind farm in'Western Victoria.

Phate: Ed Dunens/Flickr

WIND FARM IN WESTERN VICTORIA.
PHOTO: ED DUNENS/FLICKR

TRANSMISSION WILL BE A POLITICAL ISSUE

In the recently released 2022 Integrated System Plan (ISP), AEMO states “our energy system
transformation is accelerating and irreversible, and ever more comprehensive and challenging”. It

then notes the need to “engage with landholders and regional communities to co-design





solutions that will earn a lasting social licence”. This is because the ISP calls for $12.7 billion to be
spent on 10,000km of new transmission networks by 2050. It identifies a number of transmission

projects that need to be completed by 2030, including:

e Western Renewables Link, 2026

e Hume Link, 2026

e Sydney Ring, 2027

 New England REZ Transmission Link, 2027
e Marinus Link, 2029

* VNI West, 2031

Transmission sounds easy and simple compared with generation projects, which may be
contentious. However, transmission projects can be more vulnerable to delays in planning and
approvals, and more vulnerable to local opposition, because major transmission projects span

hundreds of kilometres of private and public land, requiring wide safety corridors.

To take but two examples: The Western Renewables Link has encountered serious opposition
from local commmunities, and the new interconnector between South Australia and New South

Wales is having to deal with the land access issues where farmers are opposed.

| can personally attest to the difficulties, from my own experience as a consultant to the
organisation which built Basslink, linking Victoria’'s Loy Yang to Bell Bay in Tasmania. The

Victorian overhead transmission lines were vehemently opposed by the local communities,





leading to delays and increased costs. If Australia cannot deal with the required build-out of new
transmission lines, then achieving the headline renewable targets will be impossible.

Transmission cannot be taken for granted.

STORAGE — CAN'T SUPPORT MODERN INDUSTRIAL ECONOMIES

Renewable supporters suggest batteries and pumped hydro can be the source of back-up power,
yet grid-scale batteries remain small. If it ran at maximum capacity, the vaunted 150MW battery in
South Australia could supply five per cent of the State's peak demand for just one hour. (Snowy

2.0 is not the answer, either).

Commercially available battery storage technologies have not changed much in the past 10 years.
Lithium-ion based technologies continue to dominate. For genuine storage, there needs to be a
step change in battery technologies, but proposals for alternatives like grid-scale chemical
storage such as flow battery technologies remain uncommercial. And they are not actually

sources of energy.

Pumped hydro has been talked-up as potential salvation. But while Snowy 2.0 will nominally
provide the effective capacity of a single 2,000MW baseload power station (for a time), it is still

very capital intensive. Latest estimates put the cost (including transmission) at $12 billion.





Small modular reactors offer real potential.

In 2017 investment bank Morgan Stanley predicted that by 2020 there would be one million
household batteries installed in Australia. According to the Clean Energy Council, the actual
number of installed household batteries between 2015 and 2020 was 94,792—that is less than 10
per cent of the predicted figure.

AIN'T GOING TO HAPPEN WITHOUT NUCLEAR

The countries with the lowest emission intensity power grids are those with established nuclear
power generator fleets: France, Finland, Sweden, Canada, and Switzerland. Nuclear energy is the
largest provider of zero emission 24/7 power, producing around 10 per cent of all electricity
globally. In its various scenarios of how to achieve net zero emissions, the International Energy
Agency has a prominent role for nuclear. Yet in Australia there is a legislated ban on nuclear in the
Environment Protection and Biodiversity Conservation Act 1999. If Australia is serious about
meeting net zero goals—especially in a world where everything is being electrified—there is no

way this can occur without nuclear power.





Small modular reactors offer real potential for deployment in Australia. They are designed to
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The renewables lobby commonly raises the objection that nuclear will take too long and wiill
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require government to effectively underwrite their construction tﬁrough power purchase

agreements. That is, nuclear energy is demonised for requiring governments to take the same

supportive and long-term approach thegaenawwablacs lobb has been demanding (and enjoying)

for decades. With all the adverse outco

lts common rhetorical trick is to say tha energy into the mix would require

departing from the principles of an ene m the lobby whose efforts have taken

the ‘market’ out of the NEM, to the poi ded—subject to centralised command
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and control by government—in the mids: frwvITTIte T 2022 energy crisis.
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running for the same period as a nuclear plaftf¥ditfout nuclear energy, Australia cannot

decarbonise its electricity supply. This is just one aspect of the realities of energy that the
Albanese Government and all enthusiasts for the ‘net zero by 2050" mantra (including those

within the Coalition parties) refuse to face.
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Unless they do, the modern grid which has been cleveloped over the>last century and provides a
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remarkably high level of reliable supply, 1S about to get 3 WhOIe ot 1ess reliable. This is not a

transition; it is a regression.

The author gratefully acknowledges contributions to this article from a number of experts still

working in the energy industry, who are desperately trying to inject common sense into the mix.

This article from the Winter 2022 edition of the |PA Review is written by IPA Executive Director

Scott Hargreaves.
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