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Global renewable energy pathfinding
Andrew Blakers

School of Engineering, Australian National University, Canberra, 2601, Australia

This paper discusses the global energy transition, and the very important role played by Australia as
a global renewable energy pathfinder.

The fastest energy change in history

Solar and wind are being installed at a rate that is five times faster than all other new electricity
sources combined. This offers compelling market-based evidence that PV and wind are now the
most competitive and practical methods for deploying new generating capacity.

Electricity generation from coal and gas has been stagnant since 2021. The peak may have
occurred in 2023. At current growth rates, there will be more global solar and wind generation in
2032 than the combined total of coal and gas.

In 2024, global new solar generation capacity was deployed 100 times faster than net new nuclear
capacity according to data from the World Nuclear Association, the International Energy Agency
and Ember. New wind was deployed 25 times faster than net new nuclear. The stagnation of global
nuclear powerplant deployment since 2000 means that supply chains, finance and skilled people
are not available to fuel a rapid surge in nuclear capacity. Nuclear power station construction is a
cottage industry compared with solar.
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Pathfinding

Pathfinders are important because they learn to solve new problems and disprove misinformation
and disinformation. Australia is a global energy transition pathfinder.
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Australia generates more solar energy per capita than any other country and is in fourth place for
combined per capita solar and wind generation. All other leading countries are in Europe and can
share electricity, which helps to balance the grid.

Australia is an advanced economy that is physically isolated and must go it alone. It has no nuclear
or geothermal electricity; has only a small amount of hydro generation; and is located in low-mid
latitudes where 80% of the global population resides.

Australia is tracking towards 75% electricity from solar and wind in 2030 (plus 7% from hydro to
make up the Government’s 82% renewables target). Extensive high resolution modelling shows
that 100% renewable electricity is feasible at moderate cost. Australia is showing that managing
the solar and wind energy transition is relatively straightforward.
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South Australia

The state of South Australia already has 75% solar and wind electricity averaged over a year. It
has no coal, hydro or nuclear, and is joined to the eastern states with skinny interconnections.
South Australia is tracking towards 100% in 2027 as more solar, wind, transmission and batteries
are deployed.

The contribution from wind and solar in South Australia was recently above 100% almost
continuously for 3 days. The grid remained stable. The chart shows wind (green), solar (yellow),
gas (orange), batteries (blue) and imports (purple). Areas below the dotted zero line near the
bottom are exports to eastern states.
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Energy futures

The amount of solar and wind generation in Australia is doubling every five years. This reflects
rapidly falling costs and the acquisition of vast experience in managing high levels of solar and
wind. Other countries can take full advantage of this experience.

Electrification of transport, heat and industry will double or triple electricity demand in developed
countries. In developing countries, rising affluence and “electrification of everything” could cause
electricity production to grow fivefold by mid-century.

Generation shares 2015-2030

100% ;
Solar&wind m®mCoal mGas mHydro & other
80%
60%
40%
20%
0% .- N I = .--

2015 2020 2025 2030 (estimate)

Balancing the grid

Energy storage to support solar and wind is a solved problem by way of batteries and pumped
hydro. Hybrid storage systems that combine batteries and Pumped Hydro Energy Storage (PHES)
are superior to either technology alone. Batteries are relatively inexpensive for storage power
($/GW) but are very expensive for energy storage ($/GWh). PHES is more expensive than
batteries for storage power ($/GW) but much cheaper for energy storage ($/GWh). A hybrid system
has both cheap energy (GWh) and cheap power (GW).
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The Global Pumped Hydro Energy Storage Atlas lists 820,000 sites with combined energy storage
of 86 million GWh. This is equivalent to the effective storage in 2,000,000,000,000 electric vehicle
batteries, which is 100X more storage than the world will ever need. Thus, only the very best sites
are required.

Pumped hydro constitutes 95% of global energy storage. In Australia, Snowy 2.0 (350 GWh + 2.2
GW) will supply 85% of energy storage in the NEM after 2028, with the other four existing PHES
systems supplying another 10%. At a cost of $12B for 350 GWh, Snowy 2.0 delivers energy
storage at a capital cost of $34/kWh which is about 10X smaller than an equivalent battery. In
combination with high-power short-duration batteries, Snowy 2.0 will make large inroads into gas
peaking plant markets. Australia will reach about 15 kWh of energy storage per person by 2030.

Australia has 300 premium-quality PHES sites in the size range 2-5000 GWh, mostly located near
high-power transmission lines between Brisbane and Melbourne. Following complete
decarbonisation, Australia will need about 1000 GWh of additional storage, which requires only a
few large sites to be developed.

Figure 1. 0.8 million pumped hydro sites

Energy storage is a solved problem. Australia will soon have far more PHES and battery storage
per person than any comparable country to support its pathfinding role.

In summary, Australia is convincingly demonstrating that high penetration of solar and wind is
compatible with a stable, low cost and low emissions electricity system.


https://re100.eng.anu.edu.au/pumped_hydro_atlas/
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