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The belief that Australia can decarbonise 
its economy by relying on the wind and the 
sun rests on a misplaced conviction about 
what the renewables rollout will entail. The 
idea that our previous accomplishments 
should encourage further persistence 
depends on the presupposition that the 
transition to renewables benefits from 
gathering momentum. Advocates point to 
the increase in wind and solar from 1.5% 
of our electricity share in 2010 to around 
33% today as a success, and evidence that 
the buildout can be further accelerated to 
achieve nearly twice this rollout in one-third 
the time, to meet targets set for 2030.

This assumption is flawed. The intrinsic 
nature of uncontrollable, weather-
dependent energy introduces faster 
growth in costs at higher penetrations, 
which mean the rollout gets harder as it 
proceeds, rather than easier. What we 
have experienced thus far is the renewable 
energy ‘honeymoon’ period, during which 
things were unnaturally simple. The true 
nature of the longer journey is one of 
formidable challenges, which we are only 
beginning to encounter.

This paper explores the nature of these 
challenges in three different ways.

It first examines the international evidence 
of the relationship between electricity 
prices and weather-dependent generation. 
An undeniable trend has emerged. No 
country has reached wind and solar 
penetration levels above 90%, and those 
that come closest have some of the highest 
electricity costs in the world. Very few 
countries have exceeded around 40%, 
and those that do end up with elevated 
electricity prices. This challenges the idea 
that renewable energy integration is only 
a ‘last mile’ problem, i.e. that storage 
and firming challenges only become more 
difficult at penetrations above 90%.

Second, it undertakes a first-principles 
exploration of what drives higher 
integration costs for uncontrollable wind 
and solar electricity generation, which 
is gathered from the places and times 
in the environment where it appears 
in accordance with the weather and 
the earth’s orbit and rotation. Clear-

cut mathematical boundaries can be 
established around when additional 
costs must be incurred, as determined 
by the local demand saturation point. At 
this point, an increasing share of new 
uncontrollable generation must be either 
wasted or moved through time or space to 
continue displacing thermal, controllable 
generation. In an idealised model, 
Australian wind and solar generation must 
reach this point between 30% and 60%, 
but many real-world constraints make 
earlier onset inevitable. 

Finally, it outlines the evidence in Australia 
that these additional costs are already 
being encountered, at renewable energy 
penetration levels at or below 30%. 
The demand for massively expanded 
transmission networks, battery storage, 
and high levels of constrained generation 
demonstrate clearly that increasingly 
more energy must be either moved or 
wasted, and the costs associated with 
these additional systems to move energy 
will only continue to mount. Other factors, 
such as the exhaustion of ideal wind and 
solar sites, and the growing backlash from 
regional communities, will cause other 
costs to increase as well. As falling capture 
prices lead to declining private investment 
in renewables, governments are now 
attempting to prolong the honeymoon 
period through subsidies and taxpayer 
underwriting, which will greatly increase 
the tax burden on Australians and do 
nothing to lower electricity prices in the 
long term.

Rather than continuing to insist that 
renewable energy is about to cross some 
threshold where things become magically 
easier, and costs reduce, Australian 
politicians and renewables advocates must 
confront the inevitable. The honeymoon 
is over and, from here on, things will 
only get harder. A serious rethink of our 
commitment to pursue current policy at 
any cost is urgently required.

1. Executive Summary
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Much of Australia’s energy debate is 
explicitly or implicitly reliant on the idea 
that the rollout of renewable energy is 
gaining momentum. In September 2024, 
Climate Change Authority Chair Matt Kean 
referred to the doubling of renewable 
energy between 2015 and 2022, saying 
this should “give us confidence in the path 
we have chosen”.1 

A range of different authorities and 
advocacy groups frequently refer to 
previous progress as an argument for 
continuing in the same direction. In 
a November 2024 speech spruiking 
renewables, Energy Minister Chris Bowen 
said, “We’ve built a lot of momentum. But 
the job is far from done. The key is to 
build on this momentum, and build more.”2 
Similarly, the pro-renewables Australian 
Conservation Foundation has stated, “The 
momentum is with us. Australia is already 
on track for renewables to provide most 
of our energy this decade. We must keep 
going”.3 Likewise, a recent Climate Council 
report states, “Progress on building clean 
energy has been so rapid in recent years 
that it can be hard to keep up, but it’s all 
around us here and now… All our biggest 
states — NSW, Victoria and Queensland 
— are building on this momentum by 
strengthening their renewable energy 
targets”.4

The concept of building momentum 
has also been key to Australia’s earlier 
public policy decisions which have driven 
the uptake that we have seen to date. 
Kevin Rudd justified the expansion of 
the Renewable Energy Target to 20% by 
2020, saying “an interim renewable energy 
target will accelerate their use, driving 
cost reductions by encouraging economies 
of scale.”5 Supported by such generous 
government subsidies, variable renewable 
energy’s share of electricity generation in 
Australia climbed dramatically, from 1.5% 
at the start of 2010 to around one third by 
2024.6

If there wasn’t an expectation that at some 
future point adopting renewable energy 
would become easier, the expenditure of 
public funds, or imposition of mandates 
adding to consumer costs, would be far 
harder to justify.

However, a number of emerging facts sit at 
odds with the idea of gathering momentum 
behind the proposed transition. In 2025, 
the federal government failed to deliver the 
promised $275 bill reductions.7 Countries 
around the world with high levels of wind 
and solar experience higher bills. And our 
own rollout has slowed, with new subsidy 
schemes being required to replace older 
ones, rather than costs falling and market 
confidence building and subsidies being 
phased out. 

Australian Energy Regulator (AER) Chair 
Clare Savage has warned of a “wall 
of capex” coming at consumers from 
distribution network augmentations, which 
“will be baked in not just for today but for 
many years to come” and “could more than 
offset the lower costs of wholesale energy 
as we make the switch to renewables 
unless we find ways to be more efficient”.8

The truth is that, as the proportion 
of weather-dependent energy in the 
grid grows, the costs and difficulties of 
integrating this energy also grow at an 
increasing rate due to its intrinsic nature, 
which this paper seeks to explore.

The idea that there is a certain level 
of wind and solar penetration that is 
uneconomical is not controversial. Even 
CSIRO’s GenCost, which lauds renewables 
as having the lowest cost range of any new 
electricity generation, acknowledges that 
the last few percent of production is most 
economically delivered by open-cycle gas 
turbines.9

However, many energy authorities and 
renewables advocates argue that well 
above 95% of energy can be met by 
weather-dependent sources before the 
challenges of integrating them to meet 
demand become acute. The Institute for 
Energy Economics and Financial Analysis 
(IEEFA) has cited GenCost in its claim 
that “it has already been established that 
renewables are the cheapest form of new 
power, so the cost to consumers in the long 
run should be minimised under scenarios 
that work towards 100% renewable 
energy supply”.10 This represents a false 
equivalence, as IEEFA equates wind and 
solar generation being cheap with system 

2. Introduction
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costs under a wind-and-solar-dominated 
grid also remaining cheap.

Similarly, renewable energy engineer David 
Osmond has claimed his simulation shows 
“very close to 100% renewable electricity 
is feasible for Australia’s NEM at reasonable 
cost using just several hours of battery 
storage”.11 Despite his modelling ignoring 
key constraints such as transmission 
capacity and losses, it has been cited by 
Climate 200 Convenor Simon Holmes à 
Court12 and Renew Economy editor-in-chief 
Giles Parkinson in support of a renewables-
dominated grid.13 AEMO’s Integrated 
System Plan is also used as evidence by 
renewables advocates that a grid relying 
on more than 95% renewables is the 
cheapest option14 despite the fact that 
the ISP exclusively models government 
targets and contains several major flaws 
(e.g., not including all system costs, 
such as consumer energy resources and 
distribution network upgrades).15

This idea that wind and solar energy 
integration is relatively straight forward up 
until the final few percent of the grid sits 
at odds with the challenges Australia and 
many other countries are facing, with costs 
rising rapidly at much lower penetration 
levels.

This paper attempts to address this 
question directly: At what point does the 
further integration of renewable energy 
become much more difficult? Is it a ‘last 
mile’ challenge, where only the last few 
percent is a significant problem? Or is 
it something closer to a ‘honeymoon’ 
period, where just a limited stretch at the 
beginning is very easy, and it’s only uphill 
from there? The paper seeks to investigate 
this question in three different ways.

First, it explores the international 
experience of renewable energy rollouts, to 
substantiate the claim that electricity prices 
tend to increase with more wind and solar.

Second, it provides a first-principles 
analysis of what drives the inescapable 
costs required to integrate high levels of 
weather-dependent energy. At some point, 
more systems (e.g., batteries, gas peakers, 
transmission) must be added to the grid 
to move solar and wind energy around the 
country, clock, or calendar, or this excess 
energy must be wasted. This places clear 

bounds on the threshold under which some 
costs must kick in. 

Finally, it looks at the evidence emerging 
in Australia, which confirms that some of 
these costs are already being encountered 
and are set to ramp up quickly from here. 

We conclude that wind and solar rollouts 
benefit from a honeymoon period, rather 
than a gathering of momentum. The 
honeymoon ends somewhere between 
20% and 30%. Increasing wind and solar 
penetration is easy at the start, and 
inevitably gets much harder the higher you 
go. 

This contradicts the popular narrative 
about growing momentum. Renewables 
advocates maintain that the current 
economic and engineering hurdles are 
temporary and surmountable.16 Policies 
viewed as distracting or delaying from this 
perceived inevitability are often dismissed 
as misguided.17 This mindset depends on 
the conviction that the trajectory ahead 
is continuing on a smooth, downhill glide 
path.

But this understanding of electricity 
systems is deeply mistaken. The path 
ahead climbs uphill, ever more steeply. 
What we have previously experienced 
was easy in comparison to what we will 
experience if we charge ahead, and should 
give us reason to reconsider the current 
renewables-dominated plan. 

Australia stands at a critical inflection point. 
The easy, low-hanging fruit has already 
been harvested. Achieving higher levels 
of renewable penetration will only become 
more and more costly and complex. The 
renewables honeymoon is over and the 
presumption that higher penetrations of 
renewables will deliver lower prices must 
be abandoned. An urgent re-think of 
current energy policy is vital.
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Countries around the world that have 
proactively pursued a wind and solar 
generation rollout share a similar 
trajectory. International data reveals 
a strong correlation between higher 
shares of wind and solar generation and 
rising electricity prices. Across the entire 
sample of countries for which electricity 
price and energy data are available, 
average household electricity prices 
climb significantly as the combined share 
of wind and solar generation increases 
(Figure 1). 

Countries with less than 21% wind and 
solar generation have moderate electricity 
prices — around US $0.15/kWh on 
average. However, at intermediate levels 
of between 21% and 33% wind and solar 
share, average prices rise to approximately 
US $0.24/kWh. Among the small group 
of countries that exceed 33% wind and 
solar generation, household electricity 
prices escalate, averaging US $0.37/kWh. 
In 2024, Australia hit a wind and solar 
penetration of 32.4%, so 2025 is likely to 
see Australia exceed 33% wind and solar.18

3. International Experience: The honeymoon ends at 20%

Figure 1. 2023 retail electricity price versus wind and solar generation share (all 
sample countries).

The above trend becomes even more 
pronounced when focusing specifically 
on wealthier nations with substantial 
domestic electricity production (Figure 
2). In these countries, average electricity 
prices increase from around US $0.19/
kWh at wind and solar penetration 
below 10% to approximately US $0.25/

kWh when penetration reaches between 
10% and 20%. Beyond this point, as 
renewable penetration increases further, 
average household electricity prices climb 
dramatically, reaching an average of US 
$0.42/kWh.
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At the very least, international experience 
doesn’t seem to support the idea that 
renewable energy integration is a ‘last mile’ 
problem, and that we can easily reach 90% 
wind and solar with moderate integration 
costs. This has never been done anywhere 
in the world. All of the international 
examples of very high levels of ‘renewable’ 
energy cited by renewables advocates — 
such as Iceland, Norway, Paraguay and 
Brazil — have very large components of 
hydro or geothermal power.19 These types 
of generation are controllable in a way that 
wind and solar power are not.

The other clear conclusion from these 
data is that no country has been able to 
achieve both very low electricity prices and 
large shares of wind and solar generation. 
Apparent exceptions, such as Lebanon, 
represent failed states unable to provide 
citizens with electricity for more than one 
or two hours a day.20

Several international examples help to 
illustrate how cost and reliability challenges 
have escalated as countries have 
attempted to reach higher levels of wind 
and solar.

3.1 Spain

With solar and wind accounting for 40% 
of Spain’s annual generation, the recent 
nationwide blackout serves as a dramatic 
example of the risks accompanying high 
renewables penetration.21 Spain and 
Portugal experienced unprecedented 
nation-wide blackouts on 28th April 2025, 
with trains being stranded in tunnels, 
flights delayed and mobile phone services 
cut.22 The blackout came only 12 days after 
Spain hit a milestone of 100% renewables 
for the first time, between 10am and 
7pm on 16th April.23 Its initial cause was 
a malfunctioning solar inverter which 
triggered a voltage oscillation, leading to 
inappropriate disconnections of wind and 
solar generation and widespread failure of 
reactive power support.24 This led to a series 
of cascading failures, ending in a blackout 
across the entire Iberian Peninsula.25

Just prior to the collapse, wind and solar 
accounted for 70% of Spain’s 32 GW 
total generation capacity.26 This made 
the grid vulnerable to sudden frequency 
changes, as solar panels cannot provide 
the necessary grid inertia that is naturally 

Figure 2. 2023 retail electricity price versus wind and solar generation share 
for top 30 GDP per capita countries producing more than half their electricity 
domestically. 
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provided by synchronous generators with 
large, spinning turbines, such as nuclear, 
coal, gas and hydro.27 As summarised by 
energy consultant Kathryn Porter, based 
on Spanish grid operator Red Eléctrica de 
España’s (REE) report:

The Iberian grid was already in a 
weakened state, owing to insufficient 
synchronous generation and 
excessive reliance on inverter-based 
renewables. The system failed to 
withstand a fault that originated 
with a single solar inverter. This 
was not an unavoidable technical 
event — it was the result of systemic 
underestimation of voltage control 
risks, poor compliance enforcement, 
and REE’s failure to schedule or 
deploy sufficient dynamic voltage 
support. This blackout would not 
have occurred in a conventional, 
high-synchronous grid. The rush 
to decarbonise the power system 
without adequate attention 
to resilience and enforcement 
has created an atmosphere of 
complacency. That complacency – 
shared by policymakers, regulators, 
and parts of the renewables industry 
– led directly to a system-wide 
collapse that cost eleven lives.28

Neighbouring France, which still relies 
mostly on nuclear for its electricity, 
experienced a similar frequency change 
as Spain but was able to absorb the 
disturbance using the inertia of its 
nuclear plants, preventing a Europe-wide 
blackout.29 The catastrophic power outage 
has prompted criticism from Spanish 
opposition parties and the media, blaming 
the government’s renewables push and 
dismissal of nuclear as the root cause of 
Spain’s unstable electricity grid.30

3.2 Germany

Germany offers a similarly instructive 
lesson. Its pioneering Energiewende 
(energy turnaround) policy — phasing 
out fossil fuels and nuclear in favour of 
wind and solar — achieving the initial 
renewable uptake with relative ease. In 
the early 2000s, generous subsidies and 
a grid still dominated by dispatchable 
coal and nuclear allowed wind and solar 
capacity to expand without significant 

operational disruptions.31 By the mid-
2010s, with wind and solar nearing 35% of 
generation, midday solar peaks and wind 
surges frequently outstripped demand, 
causing wholesale prices during times of 
peak renewables generation to plunge into 
negative territory.32 Wind and solar output 
had to be curtailed to avoid oversaturating 
the grid.33

Germany is now attempting to expand its 
electricity grid, including interconnectors 
with other countries, to address these 
problems and meet its decarbonisation 
goals, but the buildout of transmission 
and distribution lines necessary to support 
the Energiewende is estimated to add 
$1.1 trillion to grid costs over the next 20 
years.34 A belated push for storage will also 
add further to ballooning system costs,35 
which have already caused electricity 
prices to rise higher than almost any other 
country in the world (Figure 1). The end 
of the renewables honeymoon is now 
deindustrialising Germany, with data from 
the German Chamber of Industry and 
Commerce indicating 40% of industrial 
companies are considering partly or fully 
relocating operations abroad due to a 
lack of affordable and reliable energy.36 
Major German industrial and union 
players have responded by calling the 
government’s energy policy “one of the 
most dangerous risks for our economy and 
competitiveness”, stating that Germany 
is now in the “worst economic crisis since 
World War II” and is “paying the price with 
the highest electricity costs in Europe”.37

3.3 Denmark

Denmark is often hailed as a renewables 
success story, yet the headwinds it 
currently faces point to the end of the 
honeymoon period. With wind accounting 
for over 50% of its energy mix,38 the 
country leans heavily on interconnections 
with Norway and Sweden to offload surplus 
power and import hydropower when winds 
falter.39 This spatial shifting of energy 
masks the underlying challenge: without 
neighbours to absorb excess or fill gaps, 
Denmark’s system costs would climb 
steeply. Following a recent spike in hydro-
abundant Norway’s electricity prices, for 
which interconnectors with Denmark, the 
UK and Germany have taken the blame, 
the Norwegian government is proposing 
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3.5 China

Even China, the supposed global leader in 
renewable uptake, is experiencing signs of 
stress at relatively low levels of renewables 
penetration. Despite hosting nearly half of 
the world’s total operating wind and solar 
capacity,50 recent changes to electricity 
pricing suggest that the honeymoon may 
already be over as China has reached 
around 20% wind and solar.51 The 
government recently announced a move to 
more market-based pricing mechanisms, 
which would replace the existing fixed 
rates for solar and wind power with two-
way contracts for difference.52 New solar 
and wind projects will have strike prices 
determined through competitive auctions, 
with generators being paid the difference 
if prices fall and paying back the difference 
if prices rise. These changes come as solar 
and wind curtailment has been on the rise, 
presumably due to operators of new coal 
plants having internal production targets 
and PPAs which make them unwilling 
to reduce output, even when the grid is 
congested.53 One energy expert has warned 
that if the government “gets the numbers 
just a little bit wrong” on the market-based 
mechanism, new wind and solar capacity 
“will drop off a cliff”.54 The alternative 
is ensuring new capacity continues to 
increase by giving even greater subsidies 
through high contracted strike prices. As 
yet, it is unclear whether China will be 
willing to suffer the same economic pain 
experienced by countries that have forged 
beyond 20%. Either way, the renewables 
honeymoon in China is clearly drawing to a 
close.

to scrap the interconnector with Denmark 
in 2026.40 If this occurs, and Denmark can 
no longer rely on neighbours to balance 
supply and demand in its wind-dominated 
grid, prices are likely to rise dramatically, 
exposing the fact that the Danish 
honeymoon is over.

It is therefore unsurprising that Denmark’s 
renewables rollout has slowed considerably 
in the last year. The Danish government 
recently cancelled its 3 GW offshore wind 
auction,41 while Danish energy firm Orsted 
has backed out of multiple green hydrogen 
projects reliant on offshore wind.42 The 
government is beginning to shift its focus 
back to baseload power, with Denmark’s 
40-year ban on nuclear power currently 
being reconsidered.43

3.4 California

California offers a parallel tale from 
across the Atlantic. The state’s aggressive 
renewables rollout has seen wind and solar 
penetration soar past 30% by the late 
2010s.44 As a result, Californian electricity 
prices have risen from around 10% higher 
than the US average in the late 1980s to 
over 80% higher than average in 2024.45

California’s rooftop solar incentive program, 
Net Energy Metering, provided full or near-
retail rates for rooftop solar exports up 
until April 2023, when these credits were 
decreased in line with the utility’s avoided 
cost — though existing systems will 
continue to receive the historical premium 
rates.46 This decrease is unsurprising, 
given growing opposition to the scheme as 
customers without rooftop solar are forced 
to pay ever-increasing cross-subsidies to 
those with rooftop solar.47

In recent years, the dramatic rise in 
electricity prices has boosted the economic 
case for grid defection — at least, for 
those wealthy enough to afford tens of 
thousands of dollars in up-front capital 
costs for a solar system, battery and diesel 
generator.48 There is now a serious risk that 
broadscale grid defection will precipitate a 
utility death spiral, with fewer and fewer 
customers having to cover growing system 
costs, worsening energy affordability.49 If 
there ever was a honeymoon in California, 
it is now over.
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Understanding why these escalating costs 
and challenges emerge requires examining 
the physical and engineering realities of 
integrating large shares of wind and solar 
into electricity systems.

4.1  Introducing the local demand 
saturation model

There are many intricate complexities 
in an electricity system, which tend to 
further accelerate the onset of costs 
and risks of integrating wind and solar. 
To provide reliable bounds to the end of 
the honeymoon, we will initially focus on 
an ultra-simple model of the electricity 
system, which assumes constant demand, 
and has meeting this demand as its only 
objective. By doing this, we will ignore the 
challenges of maintaining grid stability, 
and focus solely on supplying the required 
volume of electricity.

This simplified approach seeks to establish 
the bounds for wind and solar penetration 
at which system costs must expand beyond 
generator costs. The model does this by 
establishing at which point instantaneous 
saturation of local demand will occur. Any 
further increase in output of the same 
generation profile (i.e. more of the same 
wind and solar output) in the same part of 
the grid will necessarily result in at least 
one of three things occurring, each of 
which increase system costs:

1.  Energy is wasted. This is often 
called curtailment, or spillage, 
where the energy that is surplus to 
demand is simply wasted. 

2.  Energy is moved through time. 
This occurs through the addition 
of storage to the system, which 
captures the surplus, and shifts 
it in time to be consumed when 
generation is lower than demand.

3.  Energy is moved through space. 
This occurs through the addition 
of transmission to the system, 
which can transport the energy to 
a different place, where demand is 
not satisfied by the local generation.

It is important to note that all three of 
these necessarily lead to increased system 
costs, including energy curtailment. If 
energy is curtailed, the average output 
per each installed unit of power generation 
declines, resulting in greater generator 
capital requirement per unit of energy 
delivered. This does not necessarily mean 
curtailment is always the worst outcome 
for the grid and must be avoided. It 
simply means curtailment arising from 
local saturation will always increase 
costs compared to a system without 
local saturation. Similarly, the amount of 
storage or transmission capital per unit 
of energy delivered must increase once 
local saturation is reached. Increasing 
these additional capital costs can only 
increase the overall cost of delivering 
energy. Consequently, establishing the 
point at which local saturation is reached 
is a reliable indication of the onset of new 
costs, or the end of the honeymoon. 

4.2  Establishing the ski-jump 
cost curve

To understand when saturation is reached, 
we first need to consider the typical output 
profiles of generators. A generator’s 
capacity factor is the fraction of its 
maximum output it delivers on average; if 
output is plotted between 0% and 100%, 
the capacity factor corresponds to the 
average height of that curve over time.

Dispatchable generators usually ramp 
quickly to full output and remain there 
until they ramp down, producing a square 
or block-like profile. By contrast, weather-
dependent sources follow more variable 
shapes. Solar ramps up in the morning, 
sustains high output around midday, and 
then ramps down in the evening, while 
axis-tracking can extend the plateau near 
peak. Wind output is more irregular and 
auto-correlated, with many hours at low 
or intermediate levels, fewer at zero, and 
occasional bursts toward maximum output.

To capture these patterns in a way that 
is tractable for analysis, we first need a 
tractable representation of the typical 
output profiles of solar and wind. For this 

4.  First Principles: The honeymoon can’t extend far 
beyond 30%
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purpose, we draw on 13 years of half-
hourly solar and wind generation traces 
across the National Electricity Market 
(NEM) published by AEMO, which are the 
standard inputs to its long term system 
planning.55 Before curtailment, these 
traces imply average capacity factors of 
approximately 23.4% for large-scale solar 
and 34.9% for wind in the NEM.

Figure 3 shows density plots of capacity 
factors from these AEMO traces. For 
solar, the distribution has two clear 
concentrations: a very large one at 0% 
(night time) and another peak near 100% 
(midday). Between these extremes, values 
are less frequent, corresponding to the 
ramp-up in the morning and ramp-down in 
the evening. Put together, these features 

are well represented by a trapezoid-shaped 
profile: no output when the sun is down, 
steep shoulders on either side, and a 
pronounced peak in the middle of the day.

Wind looks different. Its distribution also 
has a strong concentration near 0%, 
showing that turbines often generate little 
or nothing. But unlike solar, wind output 
is spread broadly across the intermediate 
range: many hours fall between 10% and 
60%, and a smaller share reach near full 
output. This broad distribution suggests 
a triangular profile: the base reflects that 
low output is common, the peak captures 
occasional near-maximum output, and 
the gentler slopes in between indicate 
that wind spends much of its time at 
intermediate levels.

Figure 3. Density plot of capacity factors and representative profiles for solar 
and wind.

These representative profiles are not 
intended to reproduce the fine detail or 
sequencing of half-hourly generation. 
Instead, they capture the broad patterns 
of solar and wind output in a form that 
is analytically tractable. They retain the 
observed average capacity factors, the 
prevalence of zero and near-maximum 
output, and the overall range of variation, 

while abstracting away day-to-day 
fluctuations.

We regard these representative profiles as 
a fair illustration. They are anchored in the 
observed distributions of solar and wind 
capacity factors, and we have deliberately 
erred on the generous side by rounding 
the empirical averages up to 25% for solar 
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and 35% for wind. The representative 
shapes also strip away the volatility and 
uncertainty that characterise real weather. 
They introduce a daily cycle in wind, which 
is not nearly as present in reality as in this 
model.

By abstracting to predictable trapezoid 
and triangle profiles, which oscillate on a 
strictly daily cycle, our calculation provides 
a concrete method for establishing the 
outer bounds for onset of local saturation, 
by initially testing the maximally offset 
occurrence of these two energy profiles. In 
reality, the presence of real-world variation 
to these representative profiles will bring 
forward the initial onset of local saturation 
to be even earlier in terms of overall 
combined penetration, though less frequent 
and increasing more slowly. Creating a 
hypothetical where there is strictly no 
local saturation until the point when it 
occurs every day consequently shifts the 
initial onset of local saturation further 
out, favouring the prospect of increased 
renewable penetration before encountering 
significant integration costs. 

Scaling up these representative profiles 
makes clear why saturation is inevitable. 
When the combined solar and wind output 
is raised to the point where it exceeds 
local demand, the surplus energy above 
that level cannot be absorbed without 
curtailment, storage, or transmission. 
Crucially, the geometry of the profiles 
means that as the peak of renewable 
generation rises, the surplus area also 
expands, and the rate at which this surplus 
must be shifted or spilled increases at least 
as quickly as the total surplus volume. A 
generation profile can be square blocks, or 
bottom-heavy trapezoids or triangles. It 
cannot be inverted triangles or top-heavy 
trapezoids.

The consequence of this is that things 
don’t ever get any easier. Moving more 
energy through space or time also requires 
moving energy at higher transfer rates, 
or wasting more. This means that transfer 
capacities — which translate to power 
charge and discharge rates for battery 
inverters and rectifiers, turbine and pump 
sizes in pumped hydro, and thermal limits 
on transmission lines — all must increase in 
order to time- or space-shift an increasing 
share of electricity. There may be some 
optimal balance between time and space 

energy movements, as well as curtailment. 
But the system for energy movement 
or wastage must increase monotonically 
as the proportion of energy above local 
saturation increases. 

The inevitability of things always getting 
harder after the honeymoon is further 
reinforced by considering the distance 
through space and time that energy must 
move, which is separate to the previously 
mentioned rates of energy transfer. 
Presuming that an optimal development 
path is taken — i.e., all the lowest-hanging 
fruit is taken first — increasing the share 
of energy stored will also increase the 
average length of time over which it is 
stored. 

While our model illustrates a simple daily 
cycle, the heterogeneity of real weather 
means that multi-day or seasonal storage 
is eventually required, which reduces the 
frequency of storage cycles, and hence 
utilisation of capital. This inevitably 
increases system costs per unit of delivered 
energy. Similarly with transmission: once 
sufficient electricity is transmitted to 
satisfy the closest load’s demand in the 
network, the next closest load that must 
be satisfied will by definition be further 
away. Increasing the average distance 
that electricity moves can only increase 
the overall requirement for transmission 
infrastructure.

The inevitable result is that the minimum 
capital cost for supporting renewables 
increases at an accelerating rate with 
higher penetration. This gives rise to a ski-
jump shape of minimum costs as a function 
of penetration, which is readily observed in 
other analyses.56 Above the point of local 
saturation, adding more of the same profile 
means moving more energy faster and 
further. 

This has important consequences for 
understanding the nature of the threshold 
that is crossed at the level of local 
saturation. It may be that initial costs 
— often embodied in curtailment — only 
rise relatively slowly and, at first, can be 
ignored. 

However, since these costs grow at an 
increasing rate, at some point they can 
no longer be ignored, and additional 
investments to move energy through space 
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and time are required. The lumpy nature 
of infrastructure construction generally 
demands that investments are made for a 
higher target level of renewable penetration 
than is immediately achievable. This may 
allow further renewable generation to 
be added without additional investments 
being needed in the short term. However, 
the idealised minimum level for any given 
targeted penetration will increase relatively 
smoothly, even if a practical build-out 
to specific targeted levels proceeds with 
lumpy increments of cost changes in the 
system.

4.3  Upper-bound is 60%: The 
sum of capacity factors

Consider an idealised scenario in which 
wind and solar outputs do not overlap 
at all: wind generates exclusively when 

there is no solar output, i.e. outside of 
daylight hours. A strongly anti-correlated 
profile with equal capacity shares would 
theoretically support up to 60% renewable 
penetration before saturation occurs 
(i.e. the sum of wind and solar capacity 
factors). Each of the two profiles can reach 
their peak output independently, without 
spilling any of the other. Figure 4 illustrates 
this idealised scenario, where the total area 
under the demand curve represents the 
combined capacity factor, or the maximum 
achievable renewables share of total 
energy without exceeding system demand. 

This illustration makes several generous 
simplifications that favour higher renewable 
generation, such as assuming perfectly 
flat demand, zero transmission losses, 
unlimited transmission capacity, and 
instantaneous flexibility and perfect 
foresight from dispatchable generation.

Figure 4. Theoretical maximum variable renewable penetration under non-
coincidence of wind and solar.

4.4  Lower bound is 30%: The 
average of capacity factors

Conversely, the worst-case scenario 
arises when wind and solar generation 
are strongly correlated such that they 
peak simultaneously. In this scenario, the 
renewable penetration that can be achieved 
before grid saturation falls significantly, to 

30% (Figure 5), since the combined shape 
of the stacked profiles represents the 
average area coverage of the two. 
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4.5  Exploring credible 
correlation: 40%

Realistically, the practical saturation 
point lies between these two extremes, 
determined by actual weather correlations 
and the mix between solar and wind 
generation in the system.

Historical analysis of 13 years of half-hourly 
solar and wind generation traces indicates 
that solar and wind generation profiles are 
weakly anti-correlated, with an average 
correlation coefficient of approximately 
-0.20 across the NEM (Figure 6).57 A state-
level comparison shows similarly weak 
negative correlations between solar and 
wind generation, with the strongest anti-

correlation observed within Queensland 
(-0.27). The consistently weak negative 
correlations imply periods of high wind 
generation are only modestly associated 
with lower solar generation, and vice 
versa, suggesting limited complementarity 
between these two renewable energy 
sources across the NEM. Consequently, 
diversifying wind and solar offers limited 
improvement in mitigating the inherent 
intermittency of renewable generation.58 
Recent analysis from Transgrid’s 
transmission planning corroborates these 
findings, noting only modest or negligible 
anti-correlation in major renewable energy 
zones such as Central-West Orana and New 
England.59

Figure 5. Coincident wind and solar peaks halve the pre-saturation variable 
renewables ceiling.
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Applying a correlation coefficient of -0.2 
between wind and solar generation, 
the maximum renewable penetration 
before routine saturation is then closer to 
40% (Figure 7). In practice, given real-
world variability and unpredictability, 

less frequent instances of saturation will 
necessarily occur at lower penetration 
levels. But at something like this level, 
equally weighted wind and solar of weak 
anti-correlation will reach local saturation 
routinely. 

Figure 6. State-by-state solar versus wind correlation coefficient, excluding 
Tasmania. Half hourly traces from FY2011-12 to 2023-24.

Figure 7. Variable renewable penetration threshold under observed weak 
wind-solar anti-correlation.
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4.6  Exploring profile  
imbalance: 32%

The calculation so far assumes an even 
balance of large-scale solar and wind. 
However, Australia’s actual renewable 
energy mix is heavily skewed toward 
solar; particularly rooftop solar, which 
has significantly lower capacity factors of 
around 15%. AEMO’s recent fact sheet 
indicates that rooftop solar capacity has 
reached approximately 22,500 MW, more 

than the combined capacity of grid-scale 
solar (10,025 MW) and wind (11,691 
MW).60 Even in an optimistic scenario — 
assuming all solar capacity operates at 
higher, grid-scale solar capacity factors 
— the current solar-to-wind ratio is 
around 2.8 MW of solar for every MW of 
wind. This solar-heavy generation mix 
produces a peakier renewable output 
profile, further reducing the theoretical 
maximum renewable penetration before 
grid saturation to 32% (Figure 8). 

Figure 8. Variable renewable penetration threshold with current solar-heavy 
mix and weak anti-correlation. 

Over the past 12 months, solar and 
wind generation in the NEM has reached 
approximately 34% of total generation, 
which means Australia has surpassed this 
saturation threshold identified already.61 In 
the following section, we will explore the 
evidence in Australia’s energy system that 
is consistent with this threshold having 
already been breached.

4.7  Real-world grid constraints 
end the honeymoon earlier

Moreover, Australia may already be 
significantly deeper into the post-
honeymoon phase than our analysis 
so far suggests due to the issue of grid 
stability. The current electricity system 
still relies heavily on coal-fired baseload 
generation not only to fill gaps in renewable 
generation, but also to provide essential 

grid stability. The simplifying assumption 
made thus far — of perfect flexibility, as 
though generators could be switched on 
and off like a light — is entirely unrealistic. 
In practice, coal-fired generators have 
minimum stable operating levels below 
which they cannot safely run, as well as 
constrained ramping capacity; coal plants 
in the NEM typically ramp up or down at a 
maximum rate of about 5 MW per minute. 
Frequent and rapid adjustments beyond 
these limits risk equipment degradation and 
operational damage. According to AEMO’s 
projections, the minimum continuous 
operating level required for coal plants 
in the NEM totals approximately 6,956 
MW.62 This baseline operation represents 
around 28% of total annual generation,63 
effectively creating a firm ‘floor’ of baseload 
generation that further constrains pre-
saturation wind and solar penetration.
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5. Australia’s Post-Honeymoon Challenges 

The evidence that Australia has reached 
the end of the renewables honeymoon 
is clear. Our electricity dashboard is 
flashing red warnings, consistent with the 
theoretical challenges outlined in Section 
4. The risk of having energy wasted has 
stalled new private investment, and the 
costs of new capital required to move more 
energy further and faster through space 
and time are now upon us.

5.1  The rising costs of wasting 
and moving energy through 
space and time

5.1.1 Curtailment: Rooftop solar 
challenges

Wind and solar have reached saturation 
in the NEM, evidenced by the degree to 
which their output is curtailed, or wasted, 
on a regular basis. The clearest example 
of this is rooftop solar, though large-scale 
solar and wind also show evidence of 
curtailment.

Rooftop solar has flooded the Australian 
grid as a result of direct government 
subsidies and indirect cross-subsidies from 
other consumers. Without curtailment, 
network costs would greatly increase, 
as rooftop solar output causes grid 
stress during minimum demand periods. 
Network companies, regulators and market 
operators have needed to intervene with 
financial incentives or brute force to prevent 
the grid being overloaded during peak 
solar periods. AEMO issued 1,800 manual 
directions to generators in 2024, up from 
six in 2016, mostly to gas, hydro and coal 
to synchronise to the grid at their minimum 
level of output because it was the only way 
to ensure the grid remained stable during 
periods of high rooftop solar output.64

The stress uncurtailed rooftop solar places 
on the grid during minimum demand 
periods tends to cause operational issues 
which shorten equipment life, such as an 
increase in power loss from distribution 
networks, voltage fluctuations and frequent 
operation of circuit breakers and fuses.65 
At the same time, rooftop solar does not 
provide material reductions in critical peak 
demand in a reliable enough way to reduce 

the need for network augmentations, which 
means the net effect of additional rooftop 
solar is an increase network costs.66

AEMO has responded to the grid stress 
caused by too much rooftop solar by 
requesting emergency powers to curtail its 
output when there is too much generation:

Now that rooftop PV is supplying 
more than half the grid at times, 
this requires introduction of a new 
“emergency backstop” mechanism, 
to allow rooftop PV systems to 
be curtailed or turned off briefly 
if necessary in rare emergency 
conditions, similar to the capabilities 
normally required of any large scale 
generator.67

These powers already exist in South 
Australia, Western Australia, Victoria and 
parts of Queensland. However, AEMO has 
stressed that the emergency backstop must 
be extended to all mainland NEM regions, 
warning that ever-growing solar output was 
posing an increasing threat to the safety 
and security of the grid by displacing other 
forms of generation needed to maintain 
system stability.68 AEMO has warned that 
unless it has the power to curtail the 
amount of rooftop solar flooding into the 
grid, more drastic and damaging measures 
would need to be taken. These include 
increasing voltage levels in parts of the 
network to deliberately trip rooftop solar 
inverters, or shedding parts of the network 
with too much rooftop solar output.69 The 
brute force curtailment method of raising 
the voltage to trip inverters has been 
likened to “having to stop a car by driving 
into a tree because you’ve not maintained 
the brakes”.70

In an attempt to prevent a repeat of the 
2016 state-wide blackout, South Australia’s 
backstop mechanism was used to remotely 
curtail rooftop solar systems almost daily 
for a week in November 2022 when severe 
weather and downed transmission lines 
islanded the state’s grid.71 However, AEMO 
has warned that the current backstop 
capability available may no longer be 
adequate in South Australia, Victoria and 
Queensland from 2025 onwards.72 
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AEMO has flagged an elevated risk of 
system collapse if a more appropriate 
mechanism for curtailing rooftop solar is 
not put in place:

If sufficient backstop capability is not 
available, and the above mechanisms 
are also exhausted, the NEM may 
be operating insecure for extended 
periods, and therefore be operating 
outside of the risk tolerances specified 
in the National Electricity Rules 
(NER), where the loss of a single 
transmission or generation element 
may lead to reliance on emergency 
control schemes to prevent system 
collapse. This places customers at 
elevated risk of system collapse. The 
ability to restore the system following 
a black system event may also be 
compromised at times of very high 
distributed PV generation.73

Curtailment of large-scale solar and wind 
farms does not face the same political 
backlash as curtailment of customers’ 
rooftop solar, but it provides further 
confirmation of the rising costs of ‘wasting’ 
energy. Rystad Energy has revealed 
that 4.5 TWh of large-scale solar and 
wind generation was curtailed in 2024, 
equivalent to the annual output of the 
original Snowy Hydro scheme.74 As more 
solar and wind farms are built with highly 
correlated output, curtailment will only 
increase, with greater capital costs needing 
to be recovered from a smaller amount of 
generation, increasing price per kWh.

Curtailment of renewables is another sign 
the honeymoon has ended in Australia, 
and rising curtailment provides a signal to 
renewables investors that the value of their 
investments will decline as more wind and 
solar farms are built, discouraging further 
investment. Curtailment of rooftop solar 
will also reduce the incentives to install 
larger solar systems and will likely continue 
to cause consumer backlash for those 
who invested in large systems and were 
promised the honeymoon would continue 
forever.

5.1.2 Moving through time: Batteries 

As wind and solar penetrations in 
Australian grids have increased, the need 
for growing amounts of storage to move 
renewable energy through time has arisen. 

Governments are becoming cognisant 
of this need, while investors wanting to 
capitalise on electricity market volatility 
are increasingly turning their sights to 
storage projects — particularly large-scale 
batteries.

Over the past five years, private and public 
investment in battery storage projects 
has steadily grown (Figure 9),75 with new 
financial commitments to large-scale 
storage in 2023 totalling $4.9 billion, a 
158% increase from $1.9 billion in 2022.76 
Spot market volatility and high electricity 
prices have helped boost the business 
case for batteries, as they can charge 
when prices are low or negative as solar 
floods the system and discharge when 
prices spike as low levels of wind and 
solar output coincides with peak demand. 
Increasing battery investment coinciding 
with declining investment in grid-scale 
renewable generation suggests Australia 
has reached the saturation point of wind 
and solar energy. The mismatch between 
when weather-dependent energy is 
produced and when it is needed is needing 
to be resolved by increasing the amount of 
storage available. The high cost of batteries 
must be recouped by investors, which 
necessarily adds to the overall system 
costs and therefore electricity prices paid 
for by consumers.
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Figure 9. Total energy output of large-scale battery storage projects (GW) has 
grown substantially over the past few years. Source: Clean Energy Council.

The increase in battery storage capacity 
may result in reduced curtailment, as 
energy is moved through time instead of 
being wasted. However, this necessarily 
requires additional capital for storage, 
in order to reduce this energy wastage. 
Assuming that the rollout is proceeding 
on an efficient ‘least cost’ pathway, this 
still means that overall cost per unit of 
electricity delivered will continue to rise. 
Any downward pressure on prices can only 
arise momentarily, as the correction of 
previous suboptimal investment choices. 
On an efficient build-out, the amount of 
capital per unit of energy delivered must 
inexorably rise.

The need to move increasing amounts of 
wind and solar energy through time at 
great cost is a clear example of Australia’s 
post-honeymoon challenges.

5.1.3 Moving through space: Rising 
transmission costs

As well as being moved through time to 
when it is needed, weather-dependent 
energy must also be moved through space 
to where it is needed. This has instigated 
a massive rollout of new transmission lines 

across Australia to connect solar and wind 
farms with load centres, and augment 
transmission capacity. As the push to add 
more renewables to the grid continues, 
the need to move more wind and solar 
energy further and further through 
space by building new transmission lines 
will only continue to grow — another 
post-honeymoon challenge. The more 
transmission is built to carry the same 
amount of electricity, the higher the 
additional costs for consumers.

The unprecedented increase in transmission 
capacity required by renewables has been 
remarked upon by Australia’s energy 
market bodies. As AEMO CEO Daniel 
Westerman stated about the 2022 ISP, “It 
calls for levels of investment in generation, 
storage, transmission and system 
services that exceed all previous efforts 
combined”.77 Unprecedented levels of new 
transmission, not to mention other system 
costs, to deliver similar amounts of energy 
logically translates to unprecedented costs 
for consumers.

Additionally, the rapid buildout required 
to meet government renewables targets 
means that many transmission projects 
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must be built concurrently, increasing 
demand for materials, equipment, 
financing, and labour, which increases the 
risks of cost blowouts and delays. The 
recently observed rise in transmission costs 
over the last few years is one key sign that 
the renewables honeymoon is coming to an 
end in Australia.

In 2023, AEMO confirmed there had been 
“unprecedented cost increases” observed 
across the transmission sector, with project 
cost estimates showing increases in real 
costs of up to around 30% compared to 
equivalent cost estimates prepared for 
the 2022 ISP.78 In 2025, even greater cost 
increases have been observed. AEMO has 
confirmed that, since 2024, real costs for 
overhead transmission line projects have 
blown out by a further 25% to 55% and 
substation projects by 10% to 35%.79 
These cost blowouts have five key drivers: 

•  sustained supply chain pressures on 
materials, equipment and workforce;

•  market competition driven by a high 
number of concurrent projects under 
development in the NEM;

•  additional contracting costs to 
account for risk allocation in 
engineering, procurement and 
construction contracts in response to 
pressures in the current market;

•  project complexity, including an 
increased number of projects 
planned for remote areas; and

•  social licence and additional 
community and landholder 
engagement along proposed 
transmission line routes.80

The first three factors result from the 
push to build many transmission projects 
in many different areas all at the same 
time (Figure 10).81 This increases market 
competition, which puts pressure on supply 
chains and increases the risk that necessary 
resources will not be available for projects 
in time, adding to construction costs.

Figure 10. Most transmission projects in the 2024 ISP are scheduled for 
construction in the next several years. Border colours indicate project status 
(green: actionable, grey: committed/anticipated, pink: future). Fill colours 
indicate state (orange: Queensland, light blue: New South Wales, dark grey: 
Victoria, purple: South Australia, green: Tasmania). The size of the bubble reflects 
the estimated costs, not the estimated construction time for each project. 
Source: AER.
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The last two factors arise from the 
locational requirements of wind and solar 
farms. They must be located in areas with 
good solar and wind resources, which 
are often in remote areas or areas that 
require new transmission lines cutting 
through prime agricultural land. This 
increases the complexity of projects and 
creates significant social licence issues 
in new areas which do not already have 
transmission lines.

It is therefore unsurprising that 
transmission projects in Australia have 
faced such substantial cost increases in 
recent years. As long as the mass-buildout 
of transmission lines to support renewables 
continues, these problems will persist 
and will continue driving up costs. Moving 
additional units of wind and solar energy 
through space will only get more costly in 
future. The unprecedented transmission 
buildout Australia is attempting is yet 
another example of a post-honeymoon 
challenge.

5.2  Additional challenges with 
scaling up renewables

5.2.1 Diminishing returns for wind 
sites

The diminishing returns for new wind sites 
are an excellent example of the additional 
challenges associated with scaling up 
renewables. As the low-hanging fruit of 
well-suited wind sites has already been 
taken, new wind farms must be located 
on increasingly less ideal sites. These 
sites may have difficult terrain requiring 
extensive clearing, be located further away 
from existing transmission lines or have a 
lower quality wind resource, all of which 
result in increased costs for each additional 
unit of wind capacity added to the grid.

The problem of diminishing returns has 
been flagged by the Independent Expert 
Advisory Panel for Energy Transition 
(IEAPET) in the proposal for the Hills of 
Gold wind farm in New South Wales:

Conceptually, the lowest cost sites 
would have simple terrain for 
constructability, be located close 
to major transmission lines with 
available capacity, and have very 
strong wind resources. They would 

also be on already cleared land 
and be removed from houses and 
population centres. Many of the 
‘easiest’ i.e. most favourable sites in 
NSW have already been developed. 
Hence the pipeline of remaining sites 
all have less than ideal conditions in 
one or more respects.82

For the Hills of Gold wind farm, there were 
several factors that made the site less 
ideal, increasing costs.83 These included:

•  Slightly more complex terrain than 
for most of the already completed 
wind projects, which was deemed 
likely to be more representative of 
the next generation of windfarms 
proposed to be located on or in the 
foothills of the Great Dividing Range.

•  Some turbines requiring vegetation 
clearing that would generate 
significant biodiversity offset costs of 
up to $1.2 million per turbine.

•  Grid connection costs higher 
than those advised for projects 
to be located in the New England 
Renewable Energy Zone.

The increased difficulty of finding suitable 
wind farm sites on land can also be seen 
in the recent push for offshore wind 
development, despite substantially higher 
costs compared to onshore wind. As set 
out in its 2022 Policy Directions Paper, 
the Victorian government has committed 
to offshore wind targets of 2GW by 2032, 
4GW by 2035 and 9GW by 2040.84 Land 
use limitations were cited as the reason 
for pursuing this policy, with government 
analysis indicating that “to meet net-zero 
targets using onshore renewables could 
require up to 70% of Victoria’s agricultural 
land to host wind and solar farms”.85 
However, the CSIRO’s GenCost report 
found offshore wind to have 40% higher 
capital costs and six times the operating 
costs of onshore wind,86 leading the 
authors to exclude offshore wind from their 
renewables system model due to its lack of 
cost-competitiveness.87

IEAPET’s confirmation that the remaining 
NSW wind sites are less than ideal and 
Victoria’s push for offshore wind to offset 
the need for onshore wind both illustrate 
how diminishing returns for wind sites 
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signal the end of the honeymoon, with 
future costs escalating as more and more 
wind capacity enters the grid.

5.2.2 Delayed coal retirements

Coal plants provide critical inertia 
necessary to maintain grid stability, 
which has only become more critical with 
increasing wind and solar penetrations. 
Despite governments being ostensibly 
committed to closing coal plants before 
their technical end of life due to emissions 
reduction targets, there have been notable 
examples of the opposite occurring in 
recent years. Governments have been 
delaying coal plant closures out of concern 
that the announced schedule of retirements 
would unjustifiably increase the risk of 
blackouts. Delayed coal retirements are yet 
another sign that the honeymoon has come 
to an end and the promise of a renewables-
dominated grid at minimal cost remains 
illusory.

In May 2024, the NSW government 
offered Origin Energy — the owner of 
Eraring, Australia’s largest coal-fired power 
station — up to $225 million a year in 
underwriting to keep the coal plant open 
until August 2027.88 This was to ensure 
Eraring provided at minimum the typical 
annual output of two of its four generating 
units, enough to fill the forecast reliability 
gap.89 Origin originally intended to close 
Eraring in August 2025, seven years 
earlier than previously planned, citing 
“the rapidly changing conditions in the 
national electricity market, which are 
increasingly not well suited to traditional 
baseload power stations”.90 Origin CEO 
Frank Calabria said that “the reality 
is the economics of coal-fired power 
stations are being put under increasing, 
unsustainable pressure by cleaner and 
lower cost generation, including solar, 
wind and batteries”.91 In other words, 
the honeymoon was ending. However, in 
April 2025, it was revealed that Origin had 
declined taxpayer underwriting for Eraring 
over the next year.92 This was because 
Origin was now confident of making a profit 
due to the high wholesale electricity prices 
seen in New South Wales, and declining the 
underwriting meant Origin did not have to 
share any profits with the government.93 

A similar situation has emerged in 
Queensland, where the state government 

owns most of the state’s coal plants. In 
April 2025, the Queensland government 
announced a review of its emissions 
reduction targets94 and an extension of 
the state-owned Callide B coal plant for up 
to three years past the originally planned 
2028 closure date.95 This is despite Callide 
B having high downtime (averaging 12 
weeks a year) and frequent unplanned 
outages in recent years.96 The government 
also plans to extend other state-owned 
plants, with dates to be announced by the 
end of 2025.97 Such extensions are clear 
evidence the Queensland government is 
becoming keenly aware of the end of the 
renewables honeymoon and the need to 
keep ageing coal plants in the system as 
long as possible to avoid blackouts, as 
there is insufficient new energy supply from 
reliable sources being added to the grid. 
The failure of renewable energy generation 
to allow substantial thermal generators 
to actually retire is another reason why 
system costs will inevitably continue to 
mount. 

5.2.3 Increasing grid stability costs

Australia’s electricity grids have 
traditionally been kept stable by large 
shares of dispatchable generation sources, 
mainly coal and gas. But as wind and solar 
penetrations have increased in recent 
years, this stability has come under threat. 
To avoid blackouts, additional investment 
must now be made in system strength 
and resilience that was never necessary in 
the old system. While thermal generation 
sources produce necessary grid inertia as 
a byproduct, wind and solar generators 
do not. Closing down coal plants means 
artificial inertia must now be created, 
typically through adding synchronous 
condensers to the system, which represent 
an additional cost of scaling up renewables.

NSW provides a pertinent example of 
system security issues requiring increased 
expenditure on infrastructure. Transgrid, 
the NSW transmission network operator, 
has already observed that the NSW power 
system is “sitting closer to the edge of its 
secure operating envelope”, with a sharp 
rise in possible violation events since 2020 
– a trend that is “projected to continue as 
the energy transition gathers momentum” 
(Figure 11).98
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Transgrid has flagged that coal retirements 
and increasing wind and solar penetrations 
over the next decade will mean the 
equivalent of up to 21 large 200MVA 
synchronous condensers will be required 
to provide sufficient system strength 
support to NSW, costing around $2.2 
billion.99 However, the network company 
is struggling to finance even five of these 
machines at a cost of $700 million without 
blowing up its credit rating as it grapples 
with major transmission project cost 
blowouts.100 This has driven Transgrid to 
seek taxpayer support instead of going 
through the standard regulatory process, 
calling into question the economic benefits 
for consumers of Transgrid’s projects.101

Previously unnecessary investments 
in synchronous condensers provide 
yet another example of the additional 
challenges associated with scaling up 
renewables. Building additional systems to 
ensure the grid remains stable will inevitably 
result in increased system costs, and 
therefore elevated prices for consumers.

5.3  Investors respond to 
honeymoon ending

5.3.1 Falling capture prices for wind 
and solar projects 

The market response to renewable 
oversaturation has been reflected clearly 

in wholesale prices. As more intermittent 
renewable generation enters the grid — 
particularly during peak solar output in the 
middle of the day — prices have frequently 
been suppressed to low or even negative 
levels. This clearly signals that additional 
renewable capacity increasingly offers 
limited to no economic value due to the 
growing mismatch between renewable 
generation and actual market demand.

Since 2021, when wind and solar 
penetration surpassed 20%, the decline 
in renewable capture prices relative to 
average wholesale market prices has 
become particularly noticeable (Figure 
12).102 Solar capture prices have now 
dropped below 50% of the average 
wholesale market price, while wind capture 
prices have declined to around 60%. By 
contrast, gas-fired generators capture 
prices have risen significantly above the 
market average, often reaching 200-300%. 
This premium reflects the necessity of gas 
to fill gaps in renewable supply, particularly 
during evening peak periods, offsetting 
the lower daytime prices driven by solar 
generation.

Figure 11. Operating intervals (5 minute granularity) per month when at least 
one credible contingency on the NSW transmission system would have resulted 
in a violation of the power system technical envelope, with a simplified trend 
overlayed. Source: Transgrid.
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This decline in capture prices is a direct 
consequence of the significant increase 
in renewable penetration, as renewables 
begin to cannibalise their own revenues. 
As shown in Figure 13, wind and solar have 
grown from around 5% of NEM generation 
in 2015 to approximately 34% in 2025. Yet, 

the total share of market revenue captured 
by renewables has plateaued since 2021 at 
about 16%. This divergence again points 
to market oversaturation, where additional 
renewable generation increasingly fails to 
deliver proportionate economic returns.

Figure 12. Capture price of energy source relative to volume-weighted wholesale 
price in the NEM.

Figure 13. Wind and solar generation share versus its market value share in the NEM.
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5.3.2 Declining renewables investment 
in Australia

As capture prices for wind and solar 
have fallen substantially in recent years, 
private investment in large-scale wind 
and solar farms has declined. Almost all 
projects financially committed to or built 
in recent years have been propped up 
by taxpayer subsidies or underwriting, 
in addition to receiving Large-scale 
Generation Certificates under the Large-
scale Renewable Energy Target. This lack of 
investor interest in wind and solar projects 
without government subsidies is a clear 
sign the renewables honeymoon has ended 
in Australia. Market saturation of highly 
correlated renewable energy means it no 
longer makes financial sense to invest in 
solar and wind farms. This is true across 
the country, in both the NEM and the South 

West Interconnected System (SWIS).

New financial commitments to renewables 
have fallen dramatically from a high of 
around 7 GW in 2018 to around 5 GW in 
2021 and then to a mere 1.3 GW in 2023 
(Figure 14).103 While the second half of 
2024 showed a slight recovery, financial 
commitments have once again fallen in 
the first half of 2025. Furthermore, new 
renewables investment is now being driven 
almost entirely by substantial government 
subsidies and taxpayer underwriting. In 
FY25, only one wind project and three solar 
projects were committed to by private 
investors or commenced construction 
without any grants, underwriting or PPAs 
with government (Table 1 in Appendix).104 
This excludes projects that involve co-
located storage or diesel generators.

Figure 14.  The total capacity (GW) of new financial commitments to renewables 
has declined over the last few years and the recent uptick has been 
driven by government subsidies and underwriting.

Of the three privately funded solar projects 
reaching financial close or commencing 
construction in FY25, it is unclear whether 
any would have secured private investment 
without corporate emissions reduction 
policies. The Gove Solar Project comprises 
two solar farms with a small capacity 
(10.5 MW) that are being built by Rio 
Tinto to reduce carbon emissions of mining 

operations, rather than for economic 
reasons.105 Likewise, the Cloudbreak 
Solar Farm is being built by Fortescue to 
decarbonise mining operations.106 The 250 
MW Goorambat East Solar Farm appears to 
have been financed by private investment 
alone.107 However, Deutsche Bank has been 
named as ‘hedge provider’, which suggests 
that an offtake agreement may be in 
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place with a third party. Neither Deutsche 
Bank nor ENGIE, which is developing the 
project, were able to confirm or deny 
whether an offtake agreement is in place, 
which raises doubts over whether this 
project is indeed competitive purely on its 
own economic merit.

Port Latta wind farm, the one privately-
funded wind project commencing 
construction in FY25, has a small capacity 
(21 MW) and will be connected directly 
into an existing substation.108 Its five-year 
development permit had almost expired, 
but Tasmanian Parliament passed the Land 
Use Planning and Approvals Amendment 
(Supporting Development) Act 2024, which 
allowed the minister to grant the project a 
two-year extension.109 This project provides 
little hope that wind investment will lift in 
future for larger projects on less ideal sites 
without substantial government subsidies 
or underwriting.

The Clean Energy Council has flagged 
a higher degree of cost and complexity 
and lengthy planning and environmental 
assessment processes as the reason for 
the lack of new onshore wind financial 

commitments in 2025.110 Other challenges, 
including the slow transmission rollout 
and lack of interest in long-term offtake 
agreements, have also been cited as 
factors impacting the renewables rollout, 
with the Clean Energy Council declaring 
commitments are “well short of the pace 
required to meet Australia’s 82% renewable 
energy target by 2030”.111 This highlights 
the fundamental challenges of attracting 
private investment in and integrating 
renewables at high penetrations, 
particularly as falling capture prices render 
wind and solar projects unappealing to 
investors.

In the NEM, the amount of new generation 
relying on government support has 
skyrocketed in recent years as more wind 
and solar and less dispatchable generation 
has been built. Analysis conducted for the 
NEM Review, supported by the Department 
of Climate Change, Energy, the Environment 
and Water, shows that all wind and solar 
projects built in the NEM between 2010 
and 2023 have had significant government 
support (Figure 15).112 The only projects 
to be built with minimal support over this 
period were gas and hydro projects.113

Figure 15. NEM generation build of coal, gas, solar, wind and hydro shows 
increasing proportion of projects with significant government support over time 
as dispatchable generation build declines. Source: NEM Review.

In Western Australia, a similar pattern 
emerges. Despite Premier Roger Cook 
wanting the state to be a “renewable 
energy powerhouse”, the amount of 
electricity from wind and solar farms in 
the SWIS has effectively flatlined at about 
18% of total generation, with no projects 
being added to the grid between 2021 and 

2023.114 In 2024, only one wind project 
was added, Flat Rocks Wind Farm, with BHP 
fully contracting a PPA.115 In 2025, only 
one solar project was added, the Cunderdin 
Hybrid PV Solar and BESS project.116 This 
slowdown has been attributed to investors 
not making financial decisions because it is 
too difficult and expensive to get connected 
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to the grid.117 Unsurprising, given 
transmission projects are notorious for cost 
blowouts, as occurred with the $655 million 
Clean Energy Link planned for completion 
in 2027 blowing out recently to $1 billion.118 
The end of the honeymoon is seemingly 
being felt by renewables investors all over 
Australia.

5.4  Government efforts to 
prolong the honeymoon

Declining private investment creates a 
problem for governments determined to 
meet their renewables targets. Increasing 
government intervention in the form of 
subsidies, loans and underwriting for wind, 
solar, battery and transmission projects 
becomes necessary to prevent the energy 
transition grinding to a halt.

5.4.1 Capacity Investment Scheme 
expansion in size and scope

The strongest indication of the end of the 
renewables honeymoon is the introduction 
and expansion of the Capacity Investment 
Scheme (the Scheme), potentially the 
largest renewables subsidies scheme in 
Australia. The Scheme was originally a 
capacity mechanism to de-risk private 
investment into dispatchable capacity 
(i.e. pumped hydro and batteries) with 
Commonwealth revenue underwriting. The 
initial terms of the Scheme in December 
2022 were exclusively focused on storage, 
underwriting a pilot round of 6GW of 
capacity.

In November 2023, however, the Scheme 
underwent significant revisions, expanding 
substantially in both scale and scope. It 
grew to encompass 32 GW (more than 
five times the initial capacity), and was 
extended beyond dispatchable projects to 
include generation projects as well. Rather 
than being a small-scale, targeted policy 
to facilitate more private investment in an 
already growing renewables industry,119 
the Scheme is now the central funding 
mechanism to underwrite new projects that 
otherwise would not receive private capital. 

Critically, as renewable capture prices 
continue to decline, the widening gap 
between the wholesale prices the 
market will pay for renewables and their 
guaranteed revenue levels implies that 
taxpayers will inevitably shoulder an ever-
increasing financial burden. Australians will 
therefore be writing progressively larger 

cheques to renewable developers to cover 
these expanding shortfalls.

A targeted and temporary capacity 
mechanism might have been justified as a 
means to bridge short-term capacity gaps. 
But the government turning the Scheme 
into a perpetual subsidy for renewables 
is demonstrative of the post-honeymoon 
stage of the renewables transition Australia 
has entered.

5.4.2 Off-budget spending on clean 
energy public investment vehicles

The Capacity Investment Scheme is only 
the most recent example of governments 
deploying off-budget spending to prop up 
renewables. Declining private investment 
in renewables has led to governments 
increasingly needing to take an active 
role in providing subsidies, loans and 
underwriting for wind and solar projects 
— as well as supporting infrastructure — if 
they are to have any hope of meeting their 
renewables targets. Clean energy public 
investment vehicles like the Australian 
Renewable Energy Agency (ARENA) and 
Clean Energy Finance Corporation (CEFC), 
established in 2012,120 have received more 
and more funding to support renewables in 
recent years. Since expenditure on projects 
through these vehicles is considered an 
‘investment’, it is considered off-budget.

In 2022, the $19 billion Rewiring the 
Nation Fund was announced, expanding the 
CEFC’s portfolio to fund the transmission 
needed by renewables.121 The CEFC’s 
portfolio of investments also includes $10.7 
billion worth of solar and wind projects, 
and billions more of investment in storage, 
clean energy innovation, hydrogen and 
upgrades for homeowners.122

Second is the National Reconstruction Fund 
(NRF), a $15 billion investment vehicle 
“to diversify and transform Australia’s 
industry and economy.”123 Its mandate 
includes ‘Renewables and low emissions 
technologies’ as one of the seven priority 
areas, which will focus on, among other 
things: renewable energy generation, 
transmission, distribution, or storage, 
reducing greenhouse gas emissions, and 
energy efficiency.

Between this fiscal year and 2028, the 
CEFC, NRF, and Snowy Hydro 2.0 will 
cost approximately $32.8 billion in public 
finance.124 While that may be a modest 
amount in the grand scheme of energy 
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infrastructure, the point is to illuminate 
the creative accounting required to keep 
system costs off the Budget balance sheet.

Another example is found in the 
announcement by the Future Fund, 
Australia’s sovereign wealth fund, to 
change its mandate, which was met 
with appropriate disdain.125 This was an 
unprecedented move by the Fund, originally 
set up by Peter Costello in 2006. The 
original mandate for the fund was solely 
to maximise the long-term investment 
returns, requiring an average annual 
return of at least CPI plus 4.5% to 5.5% 
per annum over the long term, which 
was reduced by 50 basis points in 2017. 
In November 2024 the Fund’s mandate 
was altered, with the federal government 
announcing it will defer withdrawals to 
2032-33 to start deploying funds today 

into ‘national priority areas’. Priority area 
number one is “supporting the energy 
transition,”126 confirming yet another pool of 
Australian wealth being hijacked into clean 
energy infrastructure investments that have 
not been proven to be optimal. The Fund 
announced a long-term investment in new 
capacity at Tilt Renewables, which has 1.8 
GW of active renewable energy and storage 
capacity,127 and has acquired a 9.995% 
stake in Transgrid, the NSW transmission 
network company.128

Again, the present-day magnitude of 
the finance is not as important as what 
it symbolises: that costs for the energy 
transition are sharply escalating, and the 
reliance on public finance grows, with more 
and more public resources being encroached 
upon to underwrite system costs.

6. Conclusion

The renewables honeymoon must always 
come to an end. Costs will inevitably rise 
as wind and solar penetration increases, 
necessitating ever-greater amounts of 
supporting infrastructure to move each 
additional unit of energy further in space 
and time than the last. The fundamental 
physical limitations of the grid and the 
nature of renewables make this trajectory 
inescapable.

Once solar and wind reach saturation, they 
begin to cannibalise themselves and each 
other, causing capture prices to fall and 
threatening system stability and reliability. 
Network and storage costs dramatically 
increase, pushing up the cost of electricity. 
If sufficient firming infrastructure is not 
put in place in time, blackouts become 
more frequent. To avoid broadscale voter 
backlash in response to rising electricity 
costs and/or more frequent blackouts, 
the cost of the energy transition must 
increasingly be socialised. Taxpayer 
subsidies become the only way to drive 
renewables penetrations higher; further 
adding to government debt or taking away 
funding from other government services.

Across the globe, a clear trend of 
increasing costs with increasing wind and 
solar penetration emerges. No country has 
achieved penetrations higher than 60%, let 

alone 90%, without costs going up. A low-
cost, wind-and-solar-dependent country 
simply does not exist. Suggestions that 
this is possible to achieve ignore the basic 
engineering and economic principles that 
underpin electricity grids.

The honeymoon is over in Australia and 
the cost curve will only get steeper. The 
falling wind and solar capture prices and 
rising electricity bills observed over the 
past several years are clear indicators of 
this. So too are the increase in government 
intervention in the energy market through 
subsidies and taxpayer underwriting of 
privately owned energy assets, and the 
recent calls for centralised control of 
consumer energy assets.

Governments need to stop making false 
promises to consumers about more 
renewables meaning cheaper electricity 
bills. Energy policy must be based in 
engineering and economic reality, not 
ideology. If Australia is to have affordable 
electricity and a reliable grid capable of 
supporting industry, policymakers need to 
focus on getting more reliable, dispatchable 
generation into the system. This will ward 
off further dramatic cost increases arising 
from the extensive network and storage 
infrastructure needed to support higher 
penetrations of renewables.
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7. Appendix
Table 1. Almost all wind and solar projects (excluding those with batteries or back-up 
generation such as diesel) reaching financial commitment or commencing construction 
between Q3 2024 and Q2 2025 have received direct funding or underwriting from state or 
federal governments.

Projects reaching financial 
commitment/commencing 
construction

Government Support?

Q3 2024

Boulder Creek Wind Farm Yes. $400 million from Queensland government.

Glenellen Solar Farm No. 50% PPA with Telstra.

Lotus Creek Wind Farm Yes. $624 million from Queensland government and $300 
million from coal royalties.

Moama Solar Farm Yes. Part of a $48 million NSW government commitment.

Goorambat East Solar Farm No. Funded by ENGIE, with Deutsche Bank providing 
hedging. Neither would provide details about whether an 
offtake agreement is in place.

Gove Solar Project No. Built by Rio Tinto to meet decarbonisation 
commitment. Small project (10.5 MW).

Q4 2024

Carwarp Energy Park Yes. $15 million ARENA grant.

Goulburn River Solar Farm Yes. Won Capacity Investment Scheme tender.

Hay Solar Farm Yes. Part of a $48 million NSW government commitment.

Horsham Renewable Energy 
Park

Yes. Owned by Victorian government.

King Rocks Wind Farm Yes. $513 million from WA government.

Orange Community 
Renewable Energy Park

Yes. $3.5 million from NSW government.

Warradarge Wind Farm – 
Stage 2

Yes. $30 million from WA government.

Q1 2025

None.

Q2 2025

Cloudbreak Solar Farm No. Built by Fortescue to meet decarbonisation 
commitment.

Port Latta Wind Farm No. Tasmanian Parliament passed Act to allow minister to 
grant a one-off planning permit extension. Small project 
(21 MW) connected directly to existing substation.
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