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Australia’s Terawatt-Scale PV Opportunity
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Current status

Fossil fuels account for >90% of energy consumption
and >75% of Australia’s emissions.

Enormous opportunities for solar PV to drive economy-wide
decarbonisation.

Renewables + electrification

Renewables are rapidly replacing coal power.

EVs and electric heating are increasingly adopted across
residential, commercial, industrial sectors to replace oil and gas.

Electricity demand could double with full electrification.
(Lu et al., Energy 220, 119678, 2021)
(Lu et al., Renewable Energy 256, 123920, 2025)

Hard-to-abate sectors

Ultra-low-cost solar drives various decarbonisation strategies:
electrification, hydrogen, carbon capture, and fuel synthesis.

Economy-wide decarbonisation could quadruple electricity
demand, unlocking a TW-scale PV market in Australia.

(Lu et al., APSRC 2025)
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Why Are Heavy Industries Hard to Abate?
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Decarbonising Iron & Steel
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Conventional BF-BOF iron and steel production

Emissions from iron and steel production

e Steelmaking emits 11 Mt CO,-e each year, 2.5% of Australia’s
national emissions.

e The BF-BOF route has a high emission intensity (2.2 t CO, per t steel),
as coke is both the chemical reductant and the heat source.

e Australia produces 5.6 Mt crude steel (2022), with three-quarters
made via the BF-BOF route.

Pathways to green steel

e Hydrogen-based direct reduced iron with electric arc furnaces (H,-
DRI + EAF) replaces coke with renewable hydrogen.

e Molten oxide electrolysis (MOE) uses renewable electricity directly.

e Bothrequire ~4 MWh of electricity per t of green steel.

ULCS opportunity
e Decarbonising domestic steelmaking requires 17 TWh/year > 8-10
GW PV capacity.

e Processing all exported iron ore domestically requires 2300 TWh/year

> a 1050-1300 GW export-oriented PV market.
-
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Decarbonising Alumina & Aluminium

Emissions from aluminium industry

e Alumina refining: 12 Mt CO,-e/year (digestion 9.1, calcination

1.5, electricity 1.3).
Recyclmg

e Aluminium smelting: 17.6 Mt CO,-e/year (electricity use 14.6,
carbon anodes 3).

Decarbonisation solutions

e Alumina refining: electrification, hydrogen combustion, or
hybrid systems.

Semifab & Products

e Aluminium smelting: renewable electricity, inert anodes to
eliminate process emissions.

ULCS opportunity

e Australia produces 100 Mt bauxite, 20 Mt alumina, and 1.5 Mt
aluminium each year.

Aluminium value chain ) . o . o
e e Domestic operations: Decarbonising alumina + aluminium

Tone requires 74 TWh/year > 35-40 GW PV capacity

4-5TONNES
OF BAUXITE

OF ALUMINUM
2TONNES
OF ALUMINA

e Value-added exports: Processing all exports in Australia
requires 270 TWh/year > 120-150 GW PV capacity
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Decarbonising Cement & Lime
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Cement value chain

Emissions from cement industry
e Australia produces 9.6 Mt cement and 1.5 Mt lime each year.
e Total emissions: 6.5 Mt CO,/year (cement 4.7, lime 1.8).

e Process emissions (60%) from limestone decomposition:
CaCO3;=Ca0 +CO,

e Fuel combustion (28%) and electricity use (12%) account for
the remaining emissions.

Pathways to low-carbon cement

e Capture process CO, via MEA absorption, oxyfuel, chilled
ammonia, membrane-assisted liquefaction, or calcium
looping.

e Electrify high-temperature heat, replacing fossil fuels in
rotary kilns.

e Convert captured CO, into synthetic fuels, combined with

green hydrogen via water electrolysis.

ULCS Opportunity
e Energyrequirement: 33 TWh/year (CO, capture 4, hydrogen
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Electro-fuels

E-fuel applications
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Fig. 1. System flowchart for liquid fuel production from H, and CO, based on the FT process.
e Shipping: Ammonia-fuelled engines and fuel cells, hydrogen fuel

cells, electrification

e Aviation: E-fuels via green H, + CO, from direct air capture (DAC)
or industry; hydrogen fuel cells; electrification

e Ultra-low-cost solar reduces production costs, bring e-fuels to
cost parity with fossil fuels and biofuels.

B : e Electricity use: 350 TWh/year » 160-200 GW PV market

)
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Powering Heavy Industry with ULCS
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Heavy industry decarbonisation

Electricity demand trajectory
Today: ~250 TWh/year

Decarbonising heavy industries (steel, aluminium, cement, ammonia, and

aviation) requires a mix of strategies: electrification, hydrogen, carbon

capture, and synthetic fuels.

Ultra-low-cost solar is essential for economically viable large-scale

deployment.

With electrified transport, heating, and industry: ~500 TWh/year

Full economy-wide decarbonisation: ~1000 TWh/year

Refining Australia’s iron ore and bauxite into iron, steel, aluminium:

another ~2500 TWh/year (export-oriented)

PV market potential

Domestic decarbonisation: ~500 GW

Value-added green metal exports: ~1500 GW

Combined: ~2000 GW PV market (~70 kW of solar capacity per Australian)
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Cost-Competitiveness of Green Products

Energy cost share in green products, %

Steel

Rahbari et al. (2025)

AlUminium s Boudreau et al. (2024) What happens if energy costs fall?

Cement mmmmmmm Gardarsdottir et al. (2019) e Ata 33% reduction, green ammonia become cost-competitive.

AMmonia I Wang etal. (2023) ®  Ata 50% reduction, green iron, steel, and aluminium reach cost parity.

Aviation fuel  EEEE——— EASA (2024) e At a90% reduction, aviation e-fuels become competitive with biofuels,
while low-carbon cement narrows its cost gap by 1/3.
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Cheap PV & Batteries = Low Electricity Cost?

PV + Storage (standalone) PV + 100% Grid connectivity PV + 100% Load flexibility
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Quantitative insights from modelling industrial electricity supply
Source: Lu et al., Solar Energy 303, 114104, 2025

The real breakthrough won’t come from cheaper technologies alone,
but from using them more smartly.
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Summary

1. Economy-wide decarbonisation requires various strategies: electrification, hydrogen, high-temperature heat, carbon capture,

and synthetic fuels.

2. Ultra-low-cost solar enables these strategies at scale, especially for heavy industries such as steel, aluminium, cement,
ammonia, and aviation.

3. Australia’s annual electricity demand could increase from ~250 TWh today to ~500 TWh with electrified transport and heating,
and to ~1000 TWh with decarbonising hard-to-abate sectors, equivalent to a 500 GW PV market for domestic industries.

4. Value-adding Australia’s iron ore and bauxite requires ~2500 TWh of renewable electricity annually, creating a 1500 GW PV
market for clean export industries.

5. Technology cost declines are important, but smart grid integration and load flexibility are essential for turning cheap solar into
low energy costs. e

,,,,,,,,,,,,,,,,

Falling solar and battery costs, alone, won’t decarbonise
industry. Smarter energy use will be vital

#4 ASIA-PACIFIC
N ¢ SOLAR RESEARCH CONFERENCE 2-4 Dec 2025, Brisbane

Solar Energy
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y i IS Ultra-I t solar for ide decarbonisation
- . . - y
A zero-carbon, reliable and affordable energy future in Australia Decarbonising heavy industry operations with low-cost onsite photovoltaics
2y ® and battery storage
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1. Introduction

The transition from fossil fuel-based electricity to solar and wind energy is well underway.
Electrification of transport via electric vehicles and of heating via heat pumps is rapidly gathering
momentum. But what about the decarbonisation of heavy industry, such as metals, chemicals,
cement, and aviation fuel?

The secret to making Australia a green fuel
' export superpower

By Bin Lu, Kate Lawrence
October 14 2025 - 5:30am
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