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Gladstone, located in Central Queensland, is a 
key industrial hub producing essential heavy 
manufacturing goods such as aluminium, cement 
and chemicals. While vital to Australia’s economic 
development, Gladstone’s industries are currently 
emissions-intensive. Most of these emissions are 
from the production of industrial heat, as almost  
80 per cent of energy used to generate heat comes 
from burning coal and gas. 

Industrial decarbonisation is critical to  
ensuring Gladstone’s long-term economic  
resilience as the world transitions to a net zero 
economy under the goals of the Paris Agreement. 
With a strong concentration of emissions-intensive 
industries, Gladstone faces both significant risks 
and major opportunities in the shift to low-
carbon manufacturing. Accelerating coordinated 
decarbonisation efforts in the region will be essential 
for Australia to meet its climate commitments  
while also securing regional prosperity.

This report focuses on two key opportunities  
for industrial decarbonisation in Gladstone:  
replacing fossil fuels used for industrial heat with 
low-carbon alternatives and complementing this 
shift with industrial energy demand management.  

Executive summary

This offers a significant opportunity to reduce 
emissions while enhancing grid stability and  
securing Gladstone’s prosperity in a decarbonising 
global economy. 

Our modelling shows that 
Gladstone’s industrial emissions 
could be cut by almost two-
thirds by 2040 with a switch to 
low-carbon heat. More ambitious 
renewable energy plans could see 
an even greater reduction of close 
to 80 per cent.

Building on Climateworks Centre’s previous work, 
this report presents a decarbonisation pathway for 
Gladstone’s industrial heat. Key technologies include 
electrified heat, electrothermal energy storage,  
low-carbon fuels such as green hydrogen, biomass 
and biomethane, and carbon capture and utilisation 
(CCU). These technologies address both low- and 
high-temperature industrial processes.
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2025 – 2030 2030 – 2035 2035 – 2040

Alumina + 
aluminium

	+ Fossil fuels begin to phase 
out through electrification 
of low-temperature heat 
at Gibbsitic facilities, 
biomass combustion, and 
increasing use of hydrogen 
for demonstration-stage 
calcination 

	+ Aluminium smelters 
switch to low-emissions 
electricity

	+ Boehmitic facilities 
electrify low-
temperature heat via 
electric boilers paired 
with double-digestion 
technologies

	+ Hydrogen calcination 
scales up

	+ Biomass share 
decreases as more 
facilities electrify

	+ Electric boilers 
and hydrogen for 
calcination have 
completely displaced 
fossil fuels

Cement + 
lime

	+ Fossil fuels begin to phase 
out through biomass 
combustion to provide 
high-temperature heat

	+ Cement and lime 
facilities introduce 
CCU technologies 

	+ Biomass fuel share 
continues to increase

	+ Combustion of 
biomass, waste fuels 
and hydrogen have 
displaced 75% of  
fossil fuels  

Chemicals
(explosives 
and sodium 

cyanide)

	+ Facilities prepare for 
phase-out of fossil fuels 
through acquisition and 
installation of necessary 
assets and infrastructure 

	+ Chemical production 
facilities begin to 
phase out fossil fuels 
through biomethane 
combustion and 
deployment of  
electric boilers

	+ Electric boilers and 
the combustion of 
biomethane have 
completely displaced 
fossil fuels

Hydrogen

	+ Hydrogen production 
facilities begin to operate

	+ Hydrogen production 
scales up

	+ Hydrogen production 
has reached its peak 
to supply existing 
industry
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Our modelling shows that by 2040, decarbonising 
Gladstone’s industrial heat could result in a sevenfold 
increase in industrial electricity consumption to  
36 terawatt hours (TWh) per year, compared to 2022. 
Green hydrogen will also be essential for long-term 
decarbonisation of high-temperature heat, with an 
annual demand of 296 kilotonnes (kt) per year by 
2040 for Gladstone’s existing industries. Biomass and 
biomethane can also play a short-term transitional 
role as easily substituted ‘drop-in’ alternatives to 
fossil fuels, particularly if Gladstone’s access to 
large-scale renewable electricity or green hydrogen 
production is delayed.

The report highlights the significant role industrial 
demand response – a consumer-led adjustment of 
electricity use – could play in the transition. Flexible 
demand could help increase grid reliability and avoid 
costly infrastructure overbuild by enabling a more 
effective use of renewable energy for electrification. 

Electrifying Gladstone’s industries 
in flexible ways could more 
than double Australia’s ability 
to stabilise the energy grid – 
providing up to 4.4 gigawatt 
(GW) of demand response 
capacity by 2040. Energy demand 
management for industrial heat 
could not only reduce demand at 
current peak periods by around 
2 GW but also save Gladstone’s 
industries $3 million a day in 
operating costs. 

Critically, using electrothermal storage technologies 
in Gladstone’s alumina sector could enable 
industrial flexibility at scale without compromising 
productivity, and represents the most cost-effective 
route for electrifying low-temperature heat. 

Our analysis shows electrothermal 
storage could fundamentally alter 
Queensland’s energy landscape 
and reduce electricity costs, not 
just for industry but for consumers 
across the grid. Adding storage to 
Gladstone’s industries could cut 
wholesale electricity prices by as 
much as 60 per cent, lowering costs 
for industry and consumers alike. 
While the necessary technologies already exist,  
they face deployment barriers, including high upfront 
and operational costs for decarbonisation assets, 
limited supply of low-carbon fuels and renewable 
electricity, and energy planning that currently 
underestimates the scale and pace of industry’s 
decarbonisation ambition. 

To examine how other markets around the world 
have overcome these challenges, this report presents 
a series of case studies of best practices, including:

	+ financing and de-risking strategies that are used 
to support industrial decarbonisation and the 
manufacturing of low-carbon goods

	+ demand response programs that are used to 
encourage increased flexibility and the provision 
of demand response capacity. 

While this report is focused on Gladstone, the 
industrial technologies, challenges and opportunities 
are not unique to Gladstone. The report sets out 
targeted recommendations to enable the net zero 
transition in Gladstone, as well as other Australian 
industrial regions like it. These actions could 
accelerate heavy industry’s decarbonisation and the 
transformation of Australia’s energy system, while 
also unlocking significant benefits for consumers 
across the grid. 
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Regulatory 
recommendations

	+ Explore how to create a renewable heat target for industry to 
complement existing renewable energy targets, providing industries 
with the clear signal needed for investment confidence. 

	+ Implement a carbon leakage mechanism at the federal level to 
prevent emissions-intensive imports from competing with low-
carbon domestic goods that bear additional costs, encouraging 
Australia’s industries to invest in decarbonisation technologies.

	+ Explore how to create dynamic pricing structures for heavy industry’s 
electricity consumption to encourage the cost-effective utilisation  
of Australia’s renewable energy resources and make electricity  
more affordable.

Funding 
recommendations

	+ Develop a coordinated approach between public-sector funding 
bodies that supports upfront costs of low-carbon industrial heat, 
through targeting specific technologies and fuel types that address 
all industrial heat temperature ranges. 

	+ Consider subsidies for downstream components of low-carbon 
supply chains, including metal processing and cement and  
chemicals production, to complement current subsidies for  
upstream components like hydrogen or renewable electricity.

Demand 
management 
recommendations

	+ Expand Australia’s electricity demand response capacity by lowering 
barriers for participation and increasing incentives for long-term 
provision of services, to ensure a stable and accelerated path to 
electrification across Australia. 

	+ Consider seasonal electricity demand response measures to reduce 
the need for gas-based peaking generation for grid reliability during 
periods when renewables are scarce.



1 0   |

H E A T ,  P O W E R  A N D  F L E X I B I L I T Y  T O  F U T U R E - P R O O F  G L A D S T O N E   |     |

As the world transitions to a net zero economy to 
meet the Paris Agreement goals to limit global 
warming, industrial decarbonisation will be crucial 
for Australian companies to secure their long-
term economic resilience. Direct emissions from 
the industry sector (known as scope 1 emissions) 
accounted for around 17 per cent of Australia’s 
emissions in 2022.1 Three-quarters of these emissions 
originated from a few large industrial facilities in 
the aluminium, cement and chemicals supply chains 
(Climate Change Authority 2024; DCCEEW 2023a). 
Collectively, the manufacturing sector contributes 
6 per cent of Australia’s gross domestic product 
and generates 21 per cent of Australia’s total export 
value (Reserve Bank of Australia 2025; Australian 
Bureau of Statistics 2023). A coordinated and fast-
paced decarbonisation of the regions where these 
manufacturing companies operate could enable 
Australia to meet its obligations under the Paris 
Agreement while ensuring these industrial regions 
remain prosperous. 

As part of the Australian Industry Energy Transitions 
Initiative, Climateworks Centre identified the 
emissions reduction potential for five of Australia’s 
largest emitting and most economically significant 
industrial regions, along with the actions needed 
to support their decarbonisation (Climateworks 
Centre and Climate-KIC 2023). Gladstone, in Central 
Queensland, was one such region and was recently 
the focus of Climateworks’ report Seizing Gladstone's 
low-carbon opportunity: A net zero industrial 
precinct approach (Climateworks Centre 2025). 
This report detailed how nearly all emissions from 
the region’s heavy manufacturing could be reduced 
through a place-based, net zero industrial precinct 
(NZIP) approach.

Gladstone’s co-located existing industry, 
infrastructure and energy generation make it 
well suited for an NZIP approach. This involves 
a collaborative, regional approach to reducing 
emissions from heavy industry. By organising 
highly productive industrial zones like Gladstone 
and naming them NZIPs, collective industrial 
decarbonisation can be facilitated through 
coordinated investment and policies that promote 
regional prosperity. For an NZIP, industrial actors 
and government agencies can come together to 

1.	 Introduction

implement technological, economic and policy 
solutions that reduce investment costs and risks, 
aiming to secure firm renewable energy and produce 
competitive low-carbon products that will be in 
demand as the world transitions to net zero. Working 
to reduce emissions of a whole NZIP, rather than one 
company at a time, could set regions up for success. 

In the Seizing Gladstone’s low-carbon opportunity 
report, we presented five recommendations to 
facilitate the adoption of an NZIP approach, not 
only in Gladstone but in other regions with clustered 
industrial facilities. These recommendations are: 

	+ Energy planning authorities create ‘regional 
Integrated System Plans’ for Gladstone and 
other major industrial regions, building on the 
Australian Energy Market Operator (AEMO) 
‘Green energy exports’ scenario, resulting in  
new electricity infrastructure being built at  
the scale required.

	+ Governments develop policies to support  
low-carbon industrial heat at scale, including 
national and state-level industrial heat 
strategies, financing models and a coordinated 
funding response to support early-stage 
technologies and deployment of low-carbon  
heat technologies at scale.

	+ Energy demand management policy and energy 
efficiency mechanisms for heavy industry be 
expanded, optimising infrastructure development 
and costs for all energy users.

	+ Governments enact measures to support 
early hydrogen demand in existing industries, 
catalysing a low-carbon hydrogen market in 
industrial regions.

	+ Governments and industry endorse high-quality 
standards for low-carbon products, ensuring 
consistency between Australia’s emissions 
intensity standards and international standards.

In this report, we focus on two of these 
recommendations – the decarbonisation of industrial 
heat at scale and industrial energy demand 
management – as these were identified as significant 
opportunities for decarbonising industry in Gladstone 
and industrial regions like it. 

1	 Based on Climateworks analysis, with industrial emissions data (excluding the waste subsector) drawn from the Climate Change Authority  
	 2024 Sector pathways review: Industry and waste and Australia’s total emissions drawn from the Quarterly update of Australia’s national  
	 greenhouse gas inventory: December 2022 (DCCEEW 2023a).
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This report looks at the pathway to decarbonise 
industrial heat for some of Gladstone’s major 
manufacturing industries (Figure 1) through an 
analysis of:  

	+ the technologies and fuels available to 
decarbonise industrial heat – and their  
benefits and challenges

	+ Gladstone’s sources of industrial demand 
management – and the untapped opportunity 
they present for Queensland’s electricity security

	+ ways to unlock low-carbon industrial heat and 
demand management, by applying examples  
of international best practice to the  
Australian context.

While this analysis focuses on Gladstone, the 
technologies, fuels, challenges and opportunities are 
not unique to it. The report therefore aims to inform 
decision-makers in Australian federal and state 
governments of the practical options to support 
industrial decarbonisation in industrial regions  
across Australia.

FIGURE 1: Scope of products and facilities included under Climateworks’ Gladstone study

	+ Alumina

	+ Aluminium

SUPPLY CHAINS IN SCOPE

	+ QAL alumina refinery (Rio Tinto)

	+ Yarwun alumina refinery (Rio Tinto)

	+ Boyne smelters (Rio Tinto)

FACILITIES IN SCOPE

	+ Clinker

	+ Cement

	+ Lime

	+ Fisherman's Landing Plant (Cement Australia)

	+ Commercial explosives

	+ Sodium cyanide

	+ Orica Yarwun (Orica)

	+ Green hydrogen

	+ Green ammonia

	+ H2Hub facility (H2U)

OUT-OF-SCOPE ACTIVITIES

	+ Energy efficiency upgrades

	+ Decarbonisation of process emissions

	+ Uses of green hydrogen outside of decarbonising existing supply chains
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Climateworks’ research methodologyBOX 1: 

This report uses findings of a modelled scenario, in which Gladstone 
follows a pathway to decarbonise industrial heat informed by 
industrial ambitions aligned to net zero by 2050 targets, and builds on 
a pathway found in Climateworks’ previous report Seizing Gladstone’s 
low-carbon opportunity. However, we have supplemented the pathway 
with additional analysis and additional or updated inputs (including 
bioenergy and the production of lime and sodium cyanide). 

Notably, to better focus on Gladstone’s existing industries, we have 
excluded the facilities, projects and energy demand associated with 
green hydrogen production for export that were included in our previous 
report. We note that the H2Hub facility has stated the intention to 
produce hydrogen for both domestic and export purposes, however the 
modelling in this report includes only the former. While some inputs 
to the current report have been provided confidentially by Australian 
industrial stakeholders, most inputs specific to the modelling are 
available in the Appendix.

Climateworks’ heavy industry program has consulted Gladstone’s 
industrial stakeholders and those across Australia, technology providers, 
governments, research organisations and NGOs to arrive at a technology 
pathway. The pathway is not intended to represent the stated goals or 
intentions of the companies in scope for the analysis.

Gladstone produces heavy manufacturing products such as alumina, 
aluminium, clinker, cement, lime and various chemicals critical to 
the mining industry, with these products largely split between three 
companies – Rio Tinto, Orica and Cement Australia.2 Roughly 5.6 million 
tonnes of alumina, around a third of Australia’s total alumina exports, 
were exported via the Port of Gladstone in FY2022 (Gladstone Ports 
Corporation n.d.), and manufacturing contributes significantly to 
Gladstone’s local economy, representing roughly 4,520 out of a total 
24,267 jobs (Central Queensland Regional Organisation of Councils n.d.).

To maintain Gladstone’s prosperity in a decarbonising global economy, 
implementing solutions for low-carbon heat will be critical. Gladstone’s 
manufacturing sector is currently emissions-intensive and highly 
dependent on fossil fuels. Our analysis found that over 79 per cent of 
current, non-feedstock industrial energy consumption is fossil fuel-
based, and used largely for heat generation through the burning of 
coal and gas (Figure 2).3 A coordinated low-carbon heat strategy could 
therefore enable Gladstone’s industrial stakeholders to meet their net 
zero commitments and ensure Gladstone’s continued relevance through 
its transformation into a clean industry hub. As this heavy dependence 
on fossil fuels is common to Australian heavy industry as a whole, it is 
likely that a similar low-carbon heat strategy will benefit other industrial 
regions across Australia (Climate Change Authority 2024). 

1.1.	
Gladstone, 
in Central 
Queensland, 
serves as an ideal 
case study for the 
implementation 
of low-carbon 
heat and demand 
management 
as solutions 
for industrial 
decarbonisation

2	 While Gladstone has a large liquified natural gas (LNG) manufacturing presence and is a significant energy user, LNG has been excluded  
	 from this study as its electricity source is not supplied by the electricity grid. 

3	 Industries in scope for this analysis are detailed in Figure 1. Non-feedstock energy consumption is defined as the energy used to provide  
	 heat or run industrial processes, and excludes the energy embodied within the raw materials for the manufactured products.
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FIGURE 2: Non-feedstock energy consumption by Gladstone’s industries in 2024

Climateworks’ Seizing Gladstone’s low-carbon opportunity report found 
that decarbonising Gladstone’s industries could require significantly 
more electricity than is currently indicated in the AEMO ‘step 
change’ scenario. This means that the scale of planned utility-scale 
infrastructure and the pace at which it is to be built may be insufficient 
for Gladstone’s industries to meet their decarbonisation targets. 

Demand management, defined as a consumer-side shifting or reduction 
of electricity use, can mitigate the total quantity of electricity needed 
during periods of high consumption, while also enabling more efficient 
use of renewable energy resources. Demand management, as an 
industry-led solution for addressing Gladstone’s energy requirements,  
is complementary to the supply-side build-out of utility-scale  
renewable energy infrastructure.  
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Climate inaction in Gladstone could 
compromise its future as a regional 
manufacturing hub

BOX 2: 

Gladstone’s major heavy manufacturing companies – Rio Tinto,  
Orica and Cement Australia – have committed to net zero scope 1 and 2 
emissions by 2050, with Rio Tinto and Orica also setting 2030 emissions 
reduction targets of 50 per cent and 45 per cent respectively (Rio Tinto 
2025; Cement Australia n.d.; Orica 2024). These commitments recognise 
that decarbonisation strategies are more than just a tool to address 
environmental concerns or adhere to regulatory requirements; they are 
critical to ensure long-term organisational stability and profitability.

Volatile fossil fuel prices, high electricity prices and exposure to carbon 
penalty costs are some economic risks that industry recognises it is 
susceptible to if it fails to decarbonise. Recently, industrial leaders have 
acknowledged that high domestic natural gas and electricity prices 
have been responsible for Australian industries’ reduced competitiveness 
or even shutting down entire manufacturing sectors (ABC News 2024; 
Unconventional Economist 2025). Meanwhile, domestic regulations, 
such as the Safeguard Mechanism or international carbon leakage 
mechanisms, can also levy financial penalties on companies that remain 
emissions-intensive. Securing long-term, cost-effective and low-carbon 
energy supplies for industrial processes is thus recognised as a crucial 
investment decision by Gladstone’s companies. 

These companies also recognise that they cannot bear the weight 
of this transition alone without exposing themselves to significant 
financial risk, and as such have all stated that achieving their net zero 
ambitions will require a cooperative partnership with government 
at all levels. Governments can best support this challenge through 
a consistent, enduring stance on decarbonisation goals via effective 
policy frameworks, supportive regulation and financial incentives to 
build investment confidence in decarbonisation. Failure to provide this 
certainty could result in the closure of Gladstone’s industrial companies, 
and a resulting loss of jobs and regional prosperity.

This could minimise the total quantity and costs of energy generation 
infrastructure that needs to be built. Recent studies have found 
that across Australia, savings from mitigated infrastructure costs 
through demand management could be up to $39 billion by the 2040s 
(Briggs et al. 2024). The fast-paced implementation of demand 
management practices in Gladstone, in coordination with energy 
system planners, can therefore be used to support the reliable and 
cost-effective decarbonisation of industry while also providing whole-
of-network benefits across Queensland (Rio Tinto 2025a; Cement 
Australia n.d.; Orica 2024). Again, due to the identified need for 
industrial electrification across all of Australia’s heavy industries, the 
recommendations for demand management implementation in this 
report could be applied to other Australian industrial regions with similar 
benefits to their surrounding communities (Climateworks Centre and 
Climate-KIC 2023).
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2.	 Decarbonising industrial heat can  
	 address most of Gladstone’s current  
	 fossil fuel use

This report aims to demonstrate how low-carbon industrial heat can 
be achieved through a coordinated, shared approach, even in heavy 
manufacturing facilities that require a broad range of process  
heat temperatures.

Industrial heat temperature rangesBOX 3: 

Industrial manufacturing requires a broad range of temperatures for 
its heating needs, with these temperatures depending on the industrial 
process involved, and could include processes like refining, melting, 
drying or activating chemical reactions. This heat is typically generated 
either directly through an electric heating element or via combustion of 
a fuel followed by delivery through a transfer medium, such as water, 
steam or gases. Heat-generation assets are typically co-located, owned 
and operated by the manufacturing facilities that they supply. While 
definitions for temperature ranges tend to differ based on the industry 
involved, this report classifies industrial heat grades into four ranges:

 
Very low temperature: Below 150 degrees Celsius (°C) 

 
Low temperature: 150–250°C

 
Medium temperature: 250–1,000°C

 
High temperature: Above 1,000°C

The heavy manufacturing industries discussed in this report, described 
in Figure 1, mainly require a mix of temperatures from low- and high-
temperature heat ranges (Figure 3). Compared to other major Australian 
industries like paper processing or food and beverage production, 
Gladstone’s industries have a greater need for high-temperature heat to 
initiate chemical reactions, such as for the production of alumina  
or clinker. 
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F IGURE 3: Industrial heat use by temperature and industry across Australia

Data source: Lovegrove et al. 2019

For our modelling, Gladstone’s industries were divided into distinct 
industrial processes, further categorised by the grade of heat they 
require (Figure 4). Gladstone’s industrial processes occupy each end of 
the temperature spectrum, with requirements typically above 1,000°C or 
below 250°C. Regardless of the temperature required, heat is currently 
typically supplied through the combustion of fossil fuels, producing 
temperatures of around 2,000 to 3,000°C. This method is highly 
inefficient as much of the energy is wasted, particularly for processes 
requiring low temperatures of less than 250°C. In aluminium smelting, 
heat is generated through an electrochemical process that consumes 
substantial quantities of electricity. Combined, fossil fuel combustion 
for heat and electricity for aluminium smelting comprises most of the 
current industrial fuel use, as detailed in Figure 2. 

FIGURE 4: Temperature requirements for Gladstone’s industrial processes
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	+ Alumina (digestion, Gibbsitic ores)
	+ Chemicals (nitric acid production)
	+ Chemicals (ammonium  

nitrate production)  

Above 1000°C

250-1000°C

0-250°C
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3.	 Low-carbon heat technologies  
	 already exist, but face  
	 deployment barriers

4	 Non-process emissions are defined as all heat-related scope 1 emissions and all scope 2 emissions.

Climateworks has developed 
a pathway for decarbonising 
Gladstone’s industrial heat to 
2040 (Figure 5), aligned to the 
emissions targets of its industries 
and the specific activities they 
intend to take to achieve them.  

In this way, Climateworks has quantified the net zero ambitions of all  
its industries. Incorporating region- and facility-specific inputs could  
see a reduction of all non-process emissions of 79 per cent by 2040.4  
This is equivalent to two-thirds of all scope 1 and 2 industrial  
emissions in Gladstone.  
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2025 – 2030 2030 – 2035 2035 – 2040

Alumina + 
aluminium

	+ Fossil fuels begin to phase 
out through electrification 
of low-temperature heat 
at Gibbsitic facilities, 
biomass combustion, and 
increasing use of hydrogen 
for demonstration-stage 
calcination 

	+ Aluminium smelters switch 
to low-emissions electricity

	+ Boehmitic facilities 
electrify low-
temperature heat via 
electric boilers paired 
with double-digestion 
technologies

	+ Hydrogen calcination 
scales up

	+ Biomass share 
decreases as more 
facilities electrify

	+ Electric boilers 
and hydrogen for 
calcination have 
completely displaced 
fossil fuels

Cement + 
lime

	+ Fossil fuels begin to phase 
out through biomass 
combustion to provide 
high-temperature heat

	+ Cement and lime 
facilities introduce 
CCU technologies 

	+ Biomass fuel share 
continues to increase

	+ Combustion of 
biomass, waste fuels 
and hydrogen have 
displaced 75% of  
fossil fuels  

Chemicals
(explosives 
and sodium 

cyanide)

	+ Facilities prepare for 
phase-out of fossil fuels 
through acquisition and 
installation of necessary 
assets and infrastructure 

	+ Chemical production 
facilities begin to 
phase out fossil fuels 
through biomethane 
combustion and 
deployment of  
electric boilers

	+ Electric boilers and 
the combustion of 
biomethane have 
completely displaced 
fossil fuels

Hydrogen

	+ Hydrogen production 
facilities begin to operate

	+ Hydrogen production 
scales up

	+ Hydrogen production 
has reached its peak 
to supply existing 
industry

BiogasHydrogen BiomassFossilElectricity
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FIGURE 5: Technology deployment pathway for decarbonising Gladstone’s industrial heat, including 
emissions reductions and energy requirements to 2040 
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The pathway shown in Figure 5 is reliant on:

	+ the immediate electrification of heat where possible 
	+ fuel switching to low-carbon fuels like green hydrogen or  

bioenergy where technological or energy-supply constraints  
prevent electrification 

	+ the use of carbon capture as a last resort. 

Achieving this will require a significant shift in Gladstone’s energy use, 
with current fossil fuel consumption largely replaced by electricity and 
green hydrogen in our modelling. By 2040, electricity and hydrogen 
comprise 95 per cent of Gladstone’s industrial energy use, leading to a 
sevenfold increase in industrial electricity consumption to 36 TWh per 
year, compared to 2022, and an annual green hydrogen demand of  
296 kt (or 35 PJ)5. This displaces around 10 PJ of coal use and around  
58 PJ of natural gas use. 

Biomass and biomethane could also be important components of 
Gladstone’s decarbonisation. These fuels are modelled as:

	+ a long-term fossil fuel replacement for industries that are currently 
considered difficult to electrify (e.g. cement) or require specific 
chemical feedstocks (e.g. chemicals production) 

	+ a short-term, low-cost method of phasing out fossil fuels before 
renewable electricity and hydrogen are available at scale.  

In our modelled pathway, at peak demand in 2032, 4 PJ of biomass and  
8 PJ of biomethane could be required in Gladstone. By 2040, biomass and 
biomethane comprise a combined 3 per cent of Gladstone’s energy mix.

These bioenergy-based fuels could play an important short-term role as 
transition fuels, particularly if large-scale renewable electricity or green 
hydrogen production is delayed. In such an event, it is likely that, to meet 
decarbonisation targets, industries will have to rely more on biomass and 
biomethane than what our modelling suggests.  

5	 As this modelling focuses on Gladstone’s existing industries, the electricity and hydrogen demand forecasts differ from those given in our  
	 Seizing Gladstone’s low-carbon opportunity report, which includes low-carbon energy exports. Full details on the methodology can be  
	 found in the Appendix.  

Our modelled pathway shows that Gladstone’s industries could reduce their 
non-process emissions by 79 per cent by 2040, compared to their current 
levels. The bulk of the remaining emissions, totalling 1.9 million tonnes 
of carbon dioxide equivalent (MtCO2e)/year, are other industrial scope 2 
emissions from electricity generated for Queensland’s grid. To calculate 
these emissions, Climateworks’ modelling uses grid emissions intensities 
aligned to targets under the Queensland Energy and Jobs Plan (QEJP), 
which aimed to achieve an 80 per cent share of renewable generation 
in the grid by 2035 (DCCEEW 2024).The high degree of electrification 
in Climateworks’ decarbonisation pathway, particularly in the alumina 
sector, means that reducing emissions beyond our modelled 79 per cent 
prior to 2040 is dependent on increasing the amount of Queensland’s 
renewables generation above the targets in the QEJP. 

Modelling in Climateworks Centre decarbonisation scenarios 2023 shows 
how Australia’s grid decarbonises in a scenario aligned to limiting global 
warming to 1.5°C (Climateworks Centre 2023). For Queensland, this 
equates to a renewables share of 99 per cent by 2040. Using this share 
of renewables and resulting grid emissions intensity, we found that 
Gladstone’s industries could achieve a non-process emissions reduction 
of 98 per cent by 2040 (Figure 6). 

3.1.	
Completely 
reducing 
Gladstone’s 
industrial  
heat emissions  
depends on a 
decarbonised grid
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F IGURE 6: Sensitivity analysis of the impact of Queensland’s grid emissions intensity on Gladstone’s  
non-process industrial emissions

To decarbonise Gladstone’s industrial heat with a 1.5°C-aligned share 
of renewables could require up to 14 GW of new renewables generation 
capacity by 2040 (Figure 7). While this is significant, encouragingly,  
Rio Tinto has already independently secured 2.7 GW of renewable energy, 
equivalent to 20 per cent of our modelled required capacity, for their 
Gladstone operations through wind, solar and battery projects (Rio Tinto 
2025b). Furthermore, in AEMO’s 2024 Integrated System Plan (ISP),  
the Renewable Energy Zones (REZs) surrounding Gladstone contain up  
to 92 GW of solar and wind capacity (AEMO 2024a). Using energy storage 
and demand management programs can also help reduce the amount of 
generation and transmission infrastructure needed in our modelling,  
as discussed in Section 4. 

FIGURE 7: Combined wind and solar generation capacity required to decarbonise Gladstone’s industrial 
heat with a 1.5°C-aligned share of renewables

Grid emissions aligned to the QEJP (2023) Grid emissions aligned to a  1.5°C scenario
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Process emissionsBOX 4: 

For some of the manufacturing industries discussed, decarbonising 
process (i.e. non-energy) emissions is of equal or greater concern  
than decarbonising industrial heat. 

For example, for the cement sector, emissions produced from burning 
coal to heat limestone are only around 30 per cent of the total emissions 
produced. Instead, most emissions are produced from the limestone 
itself as it is converted into clinker or lime. Producing nitric acid – an 
important intermediate for the chemicals produced in Gladstone –  
also produces significant process emissions, as does the reduction 
of anodes in aluminium smelting. Addressing these emissions is an 
important component of the decarbonisation strategies of  
Gladstone’s industries, but is outside the scope of this study. 

Four key technologies or processes underpin Climateworks’ industrial 
heat decarbonisation pathway for Gladstone’s industries: 

	+ electrified heat

	+ electrothermal energy storage (ETES)

	+ switching to low-carbon fuels

	+ carbon capture and utilisation (CCU).

Renewable electricity at scale will be required to power or facilitate 
these technologies or processes. However, we have also identified three 
additional key forms of energy or fuels – biomass pellets, biomethane 
and green hydrogen – that could be required at scale in Gladstone. 

Our modelling shows renewable electricity could make up most of the 
energy needed to decarbonise Gladstone, primarily for the electrification 
of heat and the production of green hydrogen. Green hydrogen, biomass 
and biomethane, as low-carbon fuels, could also play a critical role in 
Gladstone’s decarbonisation despite their small share in our modelled 
energy mix and the fact that their production is currently limited in 
scale in Australia. In the long term, green hydrogen could be the most 
compelling solution to decarbonise key heavy industry subsectors, such 
as the high-temperature requirements of the industries in this case 
study. Biomass and biomethane have the potential to rapidly scale up 
and enable industrial decarbonisation in the short term, if renewable 
electricity or green hydrogen are not made available at the scale or 
speed required to support industry’s decarbonisation.

We have further categorised the technologies and fuels by the 
temperature ranges they are best suited for in our decarbonisation 
pathway for Gladstone’s industrial heat, and how quickly they are likely 
to be deployed in Gladstone (Table 1). Under the right conditions,  
the development and deployment of these technologies could occur  
even faster (Climateworks Centre and Climate-KIC 2023).

3.2.	
Gladstone’s 
industrial heat 
decarbonisation 
pathway: key 
technologies  
and fuels
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TABLE 1: Applications of the key technologies, fuels and processes from this report for Climateworks’ 
decarbonisation pathway

LOW-TEMPER ATURE 
HE AT APPLICATIONS 
(<250°C)

MEDIUM-
TEMPER ATURE HE AT 
APPLICATIONS  
(250–1,000°C)

HIGH-TEMPER ATURE 
HE AT APPLICATIONS 
(>1,000°C)

Near-term  
(2025–2030)

	+ Electrified heat 
	+ Electrothermal  

energy storage

	+ Biomass pellets 	+ Biomass pellets  
(co-fired with  
existing fossil fuels)

Medium- to long-term 
(2030–2040)

	+ Biomethane
	+ Electrified heat 
	+ Electrothermal  

energy storage

	+ Biomethane 
	+ Electrolytic hydrogen
	+ CCU (for clinker  

and lime)

In this section, we analyse the four key technologies relevant to 
Gladstone’s industrial heat decarbonisation, as well as biomass and 
biomethane as low-carbon fuels. We discuss why they are attractive 
decarbonisation solutions, what the current or near-term regional 
barriers to their deployment will be, and what enablers would be required 
for their accelerated deployment. Tables 2 and 3 summarise these 
benefits and barriers. 

While this analysis focuses on Gladstone, these technologies and fuels 
could also be used to decarbonise other industries in different regions, 
given the large temperature range that they address. As such, our 
identified enablers will likely also be relevant to stakeholders in  
those regions. 

Energy efficiency improvements and 
waste energy recovery are best addressed 
through a facility-led approach

BOX 5: 

Industrial energy efficiency improvements that reduce industrial energy 
consumption can take multiple forms, ranging from identifying and 
eliminating energy losses to the recovery of waste heat, and should be 
thought of as the first step in industrial decarbonisation. Through the 
Australian Industry Energy Transitions Initiative (Climateworks Centre 
and Climate-KIC), Climateworks identified that over 300 PJ of energy  
per year – around half the current electricity consumption in the National 
Electricity Market (NEM) – could be saved across industry by making 
processes and technologies more efficient. 
In this report, however, we choose to focus our attention on other 
decarbonisation measures, as while energy efficiency improvements are 
important, our analysis found that they are best addressed through a 
facility-led approach rather than as part of a coordinated NZIP strategy. 
We note that this does not diminish their importance to the overall 
challenge of decarbonisation.  



 |   2 3 

C L I M A T E W O R K S  C E N T R E   | O C T O B E R  2 0 2 5   |

TABLE 2: Key decarbonisation technologies or processes for Gladstone’s industries

ELECTRIFIED  
HE AT 

ELECTROTHERMAL 
ENERGY STORAGE

FUEL  
SWITCHING 

CARBON 
CAPTURE AND 
UTILISATION 

Description Technologies that 
convert electricity 
to heat (e.g. electric 
boilers) 

Technologies that 
generate heat 
electrically, but  
can also store this heat 
to be discharged later 

Replacement of fossil 
fuels with low-carbon 
alternatives  
(e.g. bioenergy or 
green hydrogen)

Technologies that 
capture carbon 
dioxide from gaseous 
waste streams for use 
in other industries 

Application in 
Gladstone 

	+ Alumina (digestion)
	+ Chemicals  

(low-temperature 
heating)

	+ Alumina (digestion)
	+ Chemicals  

(low-temperature 
heating)

	+ Cement (waste 
heat to power)

	+ Alumina (digestion 
and calcination)

	+ Chemicals  
(high-temperature 
heating)

	+ Cement (kiln heat)

	+ Cement  
(clinker and lime 
production)

Key benefits 
for industry

	+ Commercially 
mature technology 

	+ Currently 
implementable for 
lower-temperature 
requirements of 
Gibbsitic alumina 
facilities

	+ Is capable 
of turning 
intermittent 
renewable energy 
into a continuous 
heat supply  

	+ Can capture and 
convert waste heat 
back to electricity

	+ Requires minimal 
retrofitting of 
existing assets 

	+ Bioenergy 
represents near-
term options for 
reducing emissions 

	+ Hydrogen or 
biomethane 
represent one of 
the few options 
for decarbonising 
high-temperature 
heat 

	+ Represents a 
synergistic option 
to decarbonise 
both process 
emissions and 
process heat 
emissions for 
clinker and lime 

	+ Costs can be 
recovered by selling 
the captured 
carbon to other 
industries as a 
valuable feedstock 

Key barriers to 
deployment

	+ High capital 
costs to upgrade 
facilities with 
required electricity 
infrastructure  

	+ Large-scale access 
to electricity 
needed, and the 
high operational 
costs associated 
with round-the-
clock access to 
electricity 

	+ Lack of planning at 
the federal or state 
level for electricity 
generation and 
transmission 
infrastructure at 
the scale required

	+ Supply chain 
barriers to 
procure, install 
and maintain 
equipment

	+ High capital 
costs to upgrade 
facilities with 
required electricity 
infrastructure  

	+ Large-scale access 
to electricity 
needed

	+ Commercially 
immature for 
high-temperature 
applications 

	+ Lack of planning 
at the federal 
or state level 
for electricity 
generation and 
transmission 
infrastructure at 
the scale required

	+ Biomethane 
and hydrogen 
are currently 
unavailable at the 
scales required 

	+ Hydrogen currently 
has high costs of 
production 

	+ Hydrogen requires 
new infrastructure, 
including transport 
and storage

	+ Regulatory 
difficulties for 
biomethane supply 
and transport

	+ Limited incentives 
for biomethane 
trading and use

	+ High capital 
costs for asset 
installation

	+ Technology is 
immature, with 
currently low 
capture rates 

	+ Limited federal 
and state 
government 
financial support 
for accessing these 
technologies

	+ Need for a reliable 
off-taker of 
captured carbon
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TABLE 3: Key low-carbon fuels for Gladstone’s industries

BIOMA SS PELLETS BIOMETHANE GREEN HYDRO GEN 

Description Pelletised wood waste  
from sawmills 

Carbon-neutral  
methane produced from  
the decomposition of  
organic matter 

Hydrogen produced  
through electrolysis using 
renewable electricity

Application in 
Gladstone 

	+ Alumina (digestion)
	+ Clinker and lime  

(kiln heat)

	+ Alumina (calcination)
	+ Chemicals (low- or high-

temperature heating)
	+ Chemicals (feedstock)

	+ Alumina (calcination)
	+ Clinker and lime  

(kiln heat)
	+ Chemicals (feedstock)

Key benefits 
for industry

	+ Currently cost-competitive 
with natural gas

	+ Can use existing industrial 
heating assets without 
significant alteration 

	+ Feedstock is currently in 
low demand

	+ Currently cost-competitive 
with natural gas 

	+ Can use existing industrial 
heating assets without 
significant alteration

	+ Is technologically 
compatible with existing 
natural gas pipelines  
for transport

	+ Multiple sources of 
feedstock circumvent 
supply seasonality

	+ Relevance to numerous 
industries, including 
hydrogen export 
industries, means that 
shared infrastructure for 
production can be used  
to dilute costs

	+ Abundant renewable 
energy resource potential 
to use for hydrogen 
production

	+ Abundant federal and 
state government funding 
is accessible to support 
production

Key barriers to 
deployment

	+ Current production in 
Queensland is limited 

	+ Cost of transporting 
feedstock means the 
supply of biomass pellets 
around Gladstone is 
limited, restricting the 
scale of its application

	+ Current production in 
Queensland is limited 

	+ Mismatch between the 
ideal production locations 
and existing pipeline 
infrastructure may 
limit Gladstone’s access 
to biomethane in the 
quantities it requires   

	+ Regulatory challenges are 
hindering the injection of 
biomethane into existing 
natural gas networks

	+ High current electricity 
costs result in 
correspondingly high 
hydrogen production costs

	+ Lack of infrastructure 
planning for the electricity 
required to meet Gladstone’s 
demand for domestic and 
export hydrogen

	+ A domestic hydrogen 
market and off-taker 
certainty in Gladstone is 
still developing, creating 
investment challenges

Electrified heat technologies for industry are typically electrically heated 
or heat-transfer steam generators, such as electric boilers or heat 
pumps. These technologies are capable of generating low-temperature 
steam at substantial pressures (<30 bar), and are commercially  
mature, especially for producing very-low temperature heat (<150°C). 
They are increasingly common for residential and commercial 
applications; however, for industrial applications, their implementation 
has been slow due to the difficulties in retrofitting them into  
brownfield facilities. 

In industrial applications, electric steam-generation technologies  
offer energy-efficient alternatives to current coal or gas use, where  
much of the heat produced from fossil fuel combustion is wasted.  

3.2.1. 

Electrified heat
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Heat pumps are particularly suitable for facilities that generate 
substantial quantities of easily captured waste process heat, such as in 
the chemical sector’s exothermic processes, as this waste heat can be 
amplified and reused. While heat pumps typically result in substantial 
energy savings compared to electric boilers, they are more technically 
complex to integrate with existing facilities and cannot produce 
equivalent temperatures. 

Electrified heat technologies for high temperatures, including 
electromagnetic, plasma-based or electric-arc heating, are currently 
being developed, with substantial industrial interest for applications in 
the alumina, cement and primary steelmaking sectors. However, these 
technologies are currently at the prototype or laboratory-testing stage 
of development and are unlikely to enter pilot-scale deployment within 
the next decade.

Our analysis shows that implementing electrified heat in just two of 
Gladstone’s facilities can significantly reduce the region’s emissions. 
Gladstone’s two alumina refineries produce around 4 MtCO2e each year, 
representing 45 per cent of Gladstone’s current non-process industrial 
emissions. Alumina emissions are largely derived from combusting fossil 
coal and gas for the low-temperature ‘digestion’ of bauxite ore. 

The digestion process involves heating ore in a chemical bath to between 
150–400°C. This temperature range is due to Gladstone’s facilities 
using multiple ore types, and is a temperature far lower than the 
2,000–3,000°C provided by burning coal and gas. Instead, commercially 
available, low-emissions electrified heat technologies can provide this 
low-to-medium-temperature heat with far greater energy efficiency.  
This could eliminate 2.8 MtCO2e per year and is technologically feasible 
to implement between the mid-2020s and the early 2030s.

In Gladstone, electrified heating can currently be used in facilities that 
process Gibbsitic-type ores, which require low-temperature heat, but  
not in facilities that process Boehmitic-type ores, which require  
medium-temperature heat and high pressures of around 400°C and 50 
bar. Implementing double digestion technologies for Boehmitic ores, 
which involves a two-stage heating process, is expected to enable the 
use of electric boilers for these ores in the early 2030s (ARENA 2022). 
Heat pumps are also of significant interest to the alumina sector for 
waste heat recovery and low-temperature applications, particularly 
in the form of Mechanical Vapor Recompression (MVR) technologies. 
However, a recent pilot-scale demonstration at Alcoa’s Wagerup  
Alumina Refinery in Western Australia found that retrofitting the  
existing refinery was financially unviable (Russell 2024). 

Similar low-emissions electrified heat technologies can replace the 
natural gas currently used for low-temperature heat in Gladstone’s 
chemicals facilities, such as for the pre-heating of feedstock chemicals 
in the nitric acid and ammonium nitrate production processes. However, 
there are additional barriers to their implementation compared to other 
industries. Currently, heat generated in chemical production facilities 
is typically recovered and reused throughout the facility and across 
multiple production processes, meaning that existing production assets 
are heavily interconnected. As such, the introduction of new electrified 
heating technologies would require a whole-of-facility retrofit, meaning 
that any modifications are best performed all at once. The financial 
barriers for integrating new electrified technologies in chemical facilities 
are therefore higher than for other industries, which can adopt a more 
piecemeal approach to electrification. These higher financial barriers 
could delay electrification until the associated capital and operational 
costs decrease sufficiently. 

Potential for deployment  
in Gladstone
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One of the largest barriers to the adoption of electrified heat is the 
operational costs associated with electricity and the capital costs 
associated with installing the necessary on-site electricity transmission 
or storage infrastructure. Together, these costs represent a significant 
financial burden to industry (ARENA 2022; Lovegrove et al. 2019).  
Heavy industry typically operates throughout the day, requiring a 
constant, or firmed, electricity supply for consistent heat production. 
Costs for this electricity can be particularly high due to: 1) the inability 
of cheap solar generation to meet nighttime demand, and 2) the lack of 
sufficient utility-scale storage, requiring either expensive coal- or gas-
generated electricity or large quantities of on-site battery storage.  
The relative infancy of low-carbon heat technologies compared to 
current fossil-fuelled assets means there are additional supply chain 
barriers related to a lack of expertise for the procurement, installation 
and maintenance of these technologies, further raising the costs 
involved (Lovegrove et al. 2025). 

The other primary barrier to electrified heat, the lack of appropriate 
electricity infrastructure planning for industrial regions, is discussed  
in Climateworks’ Seizing Gladstone's low-carbon opportunity report.  
In short, we found that AEMO modelling for the ISP, which is in turn used 
to inform state-level energy planning, may significantly underestimate 
regional energy demand in locations like Gladstone. This, in turn, means 
that industry is hesitant to make the non-trivial upfront investments 
for electrified assets, given the significant doubt that the required 
infrastructure to support it will be constructed. Industry’s lack of 
investment and commitment consequently makes it difficult for 
government to plan for a larger-scale electricity grid, as government 
needs confidence that there will be sufficient demand for the additional 
power it would supply. This creates a ‘chicken and egg’ problem 
hindering investment in both the electricity grid and electrified heat.

Barriers to deployment

Electrothermal energy storage represents an opportunity to overcome 
the high operational costs of electrifying heat. ETES technologies convert 
electric energy to heat in the same manner as electric boilers, but can 
also store this heat in relatively cheap storage media like bricks or 
metal blocks over medium to long durations (2–72 hours) (MGA Thermal 
2023). This stored heat can then be discharged to generate a continuous 
supply of heat on demand, typically in the form of steam up to 400°C. 
ETES assets that can provide higher-temperature heat up to 1500°C are 
currently under development (Systemiq 2024). These technologies can 
be thought of as functionally identical to electric boilers, but with the 
flexibility to charge when electricity is cheap, such as in the middle of 
the day when solar is abundant, and discharge when electricity prices 
are high. This means they can cost-effectively generate heat throughout 
the day, and can either support conventional electrified low-temperature 
heating assets or be used as a standalone replacement. Certain ETES 
technologies also allow for stored or recovered heat to be converted back 
into electricity with around 20 per cent efficiency, typically for on-site 
use, and are known as Combined Heat and Power (CHP) systems. 

3.2.2.

Electrothermal  
energy storage

ETES technologies can be used in any industrial application that electric 
boilers or heat pumps are suited for (e.g. the alumina and chemicals 
industries in Gladstone), but are far more versatile. These technologies 
are also of interest to the chemicals and clinker or lime industries as  
CHP systems, as these facilities produce substantial, concentrated waste 
heat streams from high-temperature processes. Installing CHP-ETES 
assets at these heat discharge points can capture thermal energy  
that would otherwise be wasted and turn it into electricity.  

Potential for deployment  
in Gladstone
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As an example, a waste heat stream from a clinker kiln with  
30 megawatts (MW) of of thermal energy can produce 6 MW of 
electricity, reducing the facility’s electricity consumption and costs  
by a substantial amount. 

Benefits of ETES technologies:

	+ They are the cheapest option for producing continuous low-carbon 
heat at scale compared to other analogous technologies.  
ETES systems are more cost-effective than adding battery storage  
to electric boilers, and over the long term, can even outcompete  
gas or biomass-fuelled boilers (Systemiq 2024).

	+ They can be constructed from readily available materials, 
circumventing the supply chain risks manufacturers face when using 
rare-earth minerals for batteries, and can be more easily scaled to 
the required size (Rondo Energy 2023).

	+ They can enable industrial demand management practices, as their 
flexible nature means they are highly compatible with variable 
renewable energy (VRE) like wind or solar power. ETES technologies 
can be easily switched on or off, which can reduce electricity 
demand peaks and provide stability to the grid.

ETES technologies have additional barriers to implementation beyond 
industry’s need for certainty in the availability of enabling electricity 
infrastructure. While most ETES technologies are considered to be in the 
early commercially ready phase, with several megawatt-scale batteries 
operational or in construction around the world (Covestro 2024; Systemiq 
2024), Australia currently has only demonstration-scale projects 
(Covestro 2024; Systemiq 2024; Heynes 2025). 

As ETES technologies only charge during the day when electricity is 
cheap, they will require more electricity transmission infrastructure to 
accommodate this increased daytime consumption. This will partially 
shift the financial burden of industrial decarbonisation onto those 
responsible for transmission development. There is also the potential 
for changes in daily industrial electricity demand and, therefore, 
in Australia’s energy ecosystem, if flexible electrified heating is 
implemented at scale. The implications of these changes, as well as  
an analysis of the potential cost savings and impact on Gladstone’s 
energy consumption profile, are discussed further in Section 4. 

Barriers to deployment

Low-carbon fuels can completely or partially replace inefficient and 
heavily emitting fuels like coal and gas. This can help industries to 
rapidly decarbonise in the short term with minimal upfront costs, and 
provide medium- to long-term decarbonisation options for sectors that 
are currently technologically constrained from other solutions. 

Bioenergy-based fuels, such as biomass and biomethane, can be used 
as short-term decarbonisation solutions, while green hydrogen, though 
currently costly to produce, is one of the few fuels that has significant 
potential to meet industry’s long-term energy needs sustainably. These 
low-carbon fuels, due to their different capabilities and combustion 
temperatures, can be applied across a number of industrial processes. 

Benefits of switching to biomass, biomethane and green hydrogen: 

	+ Switching can be done without a significant retrofit of existing assets, 
as these fuels are functionally equivalent to existing fuels. This, in turn, 
reduces the upfront costs of decarbonisation compared to alternative 
options, particularly those that require the purchase and installation of 
new assets (e.g. the integration of an electric boiler).

3.2.3. 

Fuel switching to low-
carbon fuels
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	+ The technologies to produce biomass and biomethane are 
commercially mature, and their production costs are equivalent to 
natural gas (Enea and Deloitte for ARENA 2021a), further increasing 
their commercial viability.

Although these fuels can be easily integrated into industry, and 
production costs for biomass and biomethane are low, they are not 
currently available at scale in Australia. Low publicised off-taker interest 
has meant that domestic biomass and biomethane supply chains have 
not been established. While electrolyser technology to produce green 
hydrogen is mature, and significant state and federal government 
support exists, high production and capital costs restrict green hydrogen 
production at scale. Biomass and biomethane also face transport, 
regulatory and availability challenges, which will be discussed later  
in this section. 

Green hydrogen is not discussed in detail in this report, as we have 
previously presented the barriers and solutions for its implementation  
at scale in other publications (Climateworks Centre 2025;  
Climateworks Centre and Climate-KIC 2023). 

The levelised cost of heatBOX 6: 

Levelised cost of heat (LCOH) is a metric that assesses the cost of heat 
produced by various technologies, as a function of upfront capital costs, 
maintenance costs and fuel costs over the lifetime of the technology. 
Rising costs of natural gas in Queensland mean that the LCOH generated 
from natural gas ($21/gigajoule [GJ]) can be significantly higher than 
that of biomass and biomethane ($14/GJ) (ITP 2025, Enea and Deloitte 
for ARENA 2021a). The LCOH of electrified heat (using electricity from the 
grid) is however even higher at $28/GJ, and illustrates the need to reduce 
electricity prices through firmed renewables and demand management 
for electrified heat to be cost-competitive. Though the LCOH for biomass 
and bioenergy are low compared to natural gas, savings are only realised 
over a long-term period, meaning that industry’s focus on short payback 
periods may hinder their adoption. 

Bioenergy, including biomass and biomethane, is considered carbon-
neutral as the emissions produced from its combustion are part of 
the short-term carbon cycle (the exchange of carbon between the 
atmosphere and biosphere on an annual timescale), and so do not  
have the same long-term impacts on atmospheric carbon as  
fossil fuels (Bioenergy 2025). 

Biomass and biomethane can be thought of as direct substitutes for 
natural gas and coal, respectively, in industrial heat applications. 
The technologies required to both produce and combust either of 
these fuels are well established, with high levels of technological and 
commercial readiness in Australia. The LCOH for either of these fuels 
is competitive with most fossil fuels (see Box 5), and requires minimal 
modification to existing assets (Enea and Deloitte for ARENA 2021a). 

3.2.3.1. 

Bioenergy
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Strategic applications of these fuels can easily supply the temperature 
ranges required by Gladstone’s industries. Burning biomethane produces 
temperatures of up to 1900°C – equal to that of natural gas – while 
burning compressed pellets of biomass can produce temperatures of up 
to 600°C (Mian et al. 2020).  

To avoid using agricultural land for purpose-grown bioenergy, 
Climateworks’ analysis of bioenergy’s potential as a decarbonisation 
solution is limited to the use of Queensland’s waste streams for 
feedstocks. However, if bioenergy is required in greater quantities 
– for instance, to enable industrial decarbonisation to keep pace in 
the absence of sufficient quantities of renewable electricity or green 
hydrogen – these waste streams may be insufficient, requiring alternative 
measures such as interstate exports or the increased use of purpose-
grown feedstock crops.

There may also be competition for these waste stream feedstocks for 
producing biodiesel as an immediate ‘drop-in’ solution for decarbonising 
road and aviation transport that uses existing fossil fuel distribution 
infrastructure (Climateworks Centre 2023). 

While various solid biomass fuels exist, processed wood residue in 
biomass pellets is one of the most sustainable options. These pellets 
are manufactured by grinding waste from the forestry or sawmill 
industries, which is then compressed and dried to form a dense fuel. 
Sawmill waste is preferred, as forestry residues are typically left on-site 
for forestry health purposes. Biomass pellets can also be produced from 
agricultural waste streams; however, these are typically not fit for heavy 
manufacturing applications due to high variability in quality. In this 
analysis, we exclude biomass derived from purpose-grown crops and 
instead focus on pellet feedstocks derived from waste streams, as these 
possess the highest potential for emissions reductions, possess lower 
LCOH values and do not compete with food production for land use. 

BIOMA SS 

Our analysis finds biomass could be used as: 

1.	 a short-term option to rapidly phase out coal and gas in alumina 
digestion, prior to electrification

2.	a long-term option to reduce coal use in high-temperature heat 
processes in the clinker and lime sectors. 

Although biomass is unable to supply the high temperatures required  
for clinker and lime production, which are also currently difficult to 
achieve through electrification, it can be co-fired with coal (VDZ 2021). 
Through co-firing, Climateworks models that biomass can replace up 
to 50 per cent of current coal use for clinker and lime production by 
2040, reducing scope 1 process heat emissions by 0.45 Mt (94 per cent 
compared to current emissions). Meeting this demand would require up 
to 4 PJ/year of biomass pellets by 2040. Pilot studies for biomass use are 
already being carried out in Gladstone’s facilities (Rio Tinto 2025). 

Potential for deployment  
in Gladstone

Complicating this potential demand for biomass is that Australia does 
not currently possess biomass pellet manufacturing capabilities at scale. 
Australia’s few major manufacturers, which exported pellets to Japan, 
South Korea and the UK for use in electricity generation, have recently 
terminated their operations (Timberbiz n.d.). Current feedstocks are 
also limited in availability, as sawmills typically dispose of waste residues 
through the on-site generation of heat. Nonetheless, domestic interest 
in using biomass for industrial heat is rising, due in part to Australia’s 
National Greenhouse and Energy Reporting Scheme (NGERS) recognising 

Barriers to deployment
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the use of biomass combustion as an eligible fuel for zero emissions 
energy reporting in 2024 (IEA Bioenergy, 2024). This, combined with the 
increasing electrification of sawmill facilities and a resulting reduced need 
for on-site biomass combustion, could represent an economic opportunity 
for sawmills to turn an underused waste stream into additional revenue – 
revitalising biomass pellet manufacturing in Australia. 

Difficulties in cost-effectively transporting biomass further limit a domestic 
biomass manufacturing industry. Currently, biomass is transported by road 
and is therefore costly and potentially emissions-intensive. It is estimated 
that each year, up to 1200 kt of pellet feedstock could be available across 
Australia; however, the bulk of this is in Tasmania or New South Wales, in 
locations that are not within economically viable transport distances6 of 
heavy industry (Lock and Whittle 2018). This means that there is likely a 
substantial mismatch between the demand from industrial regions and 
the availability of sustainable biomass supply for these regions. Additional 
support in the form of transport or procurement subsidies will therefore be 
needed if biomass is to serve as a transitory solution for low-temperature 
heat decarbonisation prior to electrification (Lin et al. 2024). Companies will 
also need to act quickly to secure the most economical sources of biomass.  

Biomass feedstock availability  
in Gladstone

BOX 7: 

Climateworks has analysed the biomass pellet feedstock potential 
available to Gladstone’s industries using data from ARENA’s Australian 
Renewable Energy Mapping Infrastructure (AREMI) database 
(Geoscience Australia n.d.). In this analysis, the feedstock potential was 
mapped by identifying sawmill residue from local government areas 
(LGAs) within an economically feasible (325 km) transport distance  
of Gladstone.

Our analysis found that LGAs within this radius have the potential 
to supply 229 kt of pellet feedstock per year, with 70 per cent of this 
potential feedstock found to the south of Gladstone, from the Gympie, 
Fraser Coast, Western Downs and North Burnett LGAs. The total 
quantity of feedstock can be converted into 2.9 PJ of pellets per year, 
which is a small fraction of the 46 PJ of heat demand for Gladstone’s 
industrial processes currently supplied by fossil fuels that biomass 
is technologically capable of meeting. Even meeting Climateworks’ 
modelled biomass demand for cement and lime production alone  
(4 PJ/year by 2040) will exceed the supply available from Gladstone  
and its surrounding areas. 

The conversion of agricultural, rather than forestry, waste could increase 
this feedstock potential; however, the quality of the pellets produced is 
more variable and may not meet industrial requirements. Pellets could 
also be transported from more distant regions, however both solutions 
present additional financial barriers, potentially requiring support  
from government.

6	 Economically viable transport distances between sawmills and point-of-use were determined to be no more than 325 km due to transport  
	 costs. For more information, refer to the cited study.
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Biomethane is a low-carbon fuel that is chemically identical to and 
is functionally interchangeable with fossil natural gas. Biomethane is 
the refined form of biogas, which is currently produced either from the 
anaerobic digestion of organic matter or from the capture of landfill 
emissions. Sustainable feedstocks for anaerobic digestion are crop 
residues, livestock waste or wastewater; however, Australia’s large 
agricultural industry means that its crop residues have the highest 
potential to support biomethane production. We again exclude  
purpose-grown energy crops as a feedstock for biomethane. 

Biomethane feedstocks are even less economically viable to transport 
over long distances than biomass feedstocks due to their low energy 
density. Furthermore, given the widespread nature of the agricultural 
industry, multiple regional production hubs co-located with 
concentrated agricultural activity could be required. Biomethane could 
then be injected into gas pipelines for transport to off-takers. A study 
commissioned by ARENA found that biomethane has the potential to 
represent 23 per cent of the total pipeline gas market by 2030  
(Bioenergy Australia 2024).

BIOMETHANE

Climateworks has found that the primary use cases for biomethane in 
Gladstone are: 

1.	 the long-term replacement of natural gas for high-temperature 
heat, such as the incineration of waste gases in the production of 
sodium cyanide

2.	the short-term replacement of natural gas for high-temperature 
heat in industries that plan to shift to low-carbon hydrogen in the 
long term, such as for the alumina calcination process

3.	the short-term replacement of natural gas for low-temperature heat 
prior to electrification, such as in the explosives sector. 

Biomethane is an important transitory option for the alumina and 
chemicals sectors to meet their decarbonisation targets – particularly  
as industries can readily substitute existing natural gas with 
biomethane. This transitory role is especially important if there are 
delays in securing the electricity or hydrogen needed for their  
long-term decarbonisation technologies. 

As previously discussed, our modelling finds that biomethane consumption 
peaks at around 7.8 PJ in 2032, which then falls to 1.2 PJ by 2040. While 
biomethane will likely play a transitory role, the risk of biomethane 
producers having stranded assets in the long term is likely low, as studies 
forecast additional demand for biogas or biomethane from non-industry 
sectors, including for off-grid electricity generation, even under a  
business-as-usual scenario (Enea and Deloitte for ARENA 2021b). 

Potential for deployment  
in Gladstone

Gladstone currently does not have the necessary infrastructure for 
biomethane production or transport at scale. The current legislation 
and regulations also do not facilitate biomethane trading, meaning 
that investment in biomethane production remains limited. Significant 
advancements in infrastructure and policy development could enable 
biomethane use at scale (Enea and Deloitte for ARENA 2021b).  

As stated previously, Australia’s current biomethane production is 
limited, with only a single facility in New South Wales producing 
biomethane and injecting it into gas networks (Malabar Biomethane 
Injection Plant n.d.). Production is instead currently focused on biogas 
produced from capturing landfill emissions, and is typically burnt as is 
for electricity generation without being refined into biomethane  

Barriers to deployment
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(LMS Energy 2021). Agricultural waste, however, which potentially 
accounts for 86 per cent of Australia’s total biomethane potential, 
represents a far more abundant source of feedstock, and has the highest 
potential to support the scale of biomethane production required for 
industrial decarbonisation (Bioenergy Australia 2024).  

Climateworks’ analysis on biomethane’s potential for Gladstone’s 
industries (Box 7) found there are two major barriers that could hinder 
industries from accessing biomethane at scale, namely: 

	+ Ideal feedstocks for biomethane production may currently be used in 
other supply chains

	+ Existing gas pipelines may not be well situated to connect ideal 
regional biomethane production hubs to off-taker locations.

In addition to these barriers, current regulatory measures disincentivise 
potential producers and off-takers from investing in biomethane.  
For example, current federal gas standards for injecting biomethane  
into existing networks means the costs of refining biomethane are 
high. The Future Fuels CRC has recently found these standards to be 
unnecessarily stringent (Australian Pipelines and Gas Association  
2023). Additionally, biomethane derived from agricultural waste is  
not considered a valid emissions reduction activity under Australia’s 
Carbon Credit Unit (ACCU) scheme (Clean Energy Regulator 2022).  
Less stringent standards for fuel injection into pipelines, or an expansion 
of feedstock sources for ACCU eligibility, could provide more certainty for 
biomethane producers to invest in the necessary production facilities. 

Biomethane feedstock availability  
for Gladstone

BOX 8: 

Climateworks has analysed the biomethane feedstock potential 
across Queensland using ARENA’s AREMI database. In this analysis, the 
feedstock potential was mapped by identifying agricultural waste from 
the cotton, sorghum, straw and sugarcane industries across the state. 
Other sources of biomethane feedstock, such as wastewater or animal 
processing waste, were found to make up relatively small portions of 
Queensland’s overall potential. 

Our analysis found that Queensland has the feedstock potential to 
supply 69.5 PJ of biomethane per year. This far exceeds the 25 PJ of 
current fossil-fuelled industrial heat that biomethane is technologically 
capable of replacing in Gladstone. Around 95 per cent of this feedstock 
potential is derived from sugarcane waste, which is in Queensland’s 
north, from LGAs surrounding the cities of Townsville, Mackay and 
Cairns. Lower concentrations of potential feedstock can also be found 
around Bundaberg, Toowoomba and Balonne in the south.  

Unlocking this potential will require intervention by government and 
industry across the state. Most of this sugarcane waste is currently 
burnt on-site in sugarcane mills for disposal, with some of this energy 
also used for heat and power. Furthermore, pipeline infrastructure in 
Queensland’s north (i.e. the North Queensland Gas Pipeline), where 
biomethane feedstock potential is concentrated, is not connected to 
Gladstone, restricting transport to industrial off-takers. 
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Increasing grid connectivity and encouraging sugarcane mills to electrify 
their low-temperature heat processes can free sugarcane waste to 
be converted into biomethane, which can be better used to address 
heavy manufacturing high-temperature heat demand. Implementing 
gas certificate trading – a trading scheme for Gladstone’s industries to 
compensate producers for injecting biomethane into gas pipelines –  
can also encourage the production of biomethane without a costly 
extension of existing pipelines. 

Carbon capture technologies separate and store carbon dioxide 
emissions from waste gas streams, typically through exposing these 
gas streams to a chemical bath. Heating these baths releases a carbon 
dioxide-rich stream, which is then stored for further use. These chemical 
absorption systems are currently used by the power generation and gas 
refining industries, and to date have been found to result in capture 
rates of around 80 per cent (Institute for Energy Economics and  
Financial Analysis n.d.). 

3.2.4. 

Carbon capture  
and utilisation

Industries whose emissions primarily result from chemical 
transformation of feedstocks, such as the cement and lime sectors 
(see Box 4), can find it challenging to decarbonise, as alternative 
production methods are limited at scale in the near term. These are 
known as ‘hard to abate’ industries. Climateworks’ findings suggest that 
Gladstone’s cement and lime industries could reduce their fossil fuel 
consumption for industrial heat by around 75 per cent using biomass, 
hydrogen and fuels derived from industrial waste. However, industrial 
heat emissions comprise only around 30 per cent of total cement and 
lime scope 1 emissions (IEA 2023), meaning that the bulk of emissions 
remain unaddressed. However, as all scope 1 emissions7 produced from 
these industries are typically concentrated in a single waste gas stream, 
carbon capture is an opportunity to mitigate both process emissions  
and the remaining industrial heat emissions. 

Using the captured carbon dioxide (typically as a feedstock for low-
carbon chemicals) is known as Carbon Capture and Utilisation (CCU). 
This is an avenue of interest to Gladstone’s companies due to the 
potential for cost recovery through the sale of the captured carbon. 
Gladstone’s industries have investigated the feasibility of producing 
green methanol using captured carbon dioxide and green hydrogen 
as a feedstock (Queensland Government 2022b).8 Using the captured 
carbon in Gladstone itself could also reduce storage and transport 
costs associated with other carbon capture technologies. Stakeholder 
consultation has suggested that Carbon Capture and Storage (CCS), 
which typically involves the geological storage of captured carbon,  
is not viable in Gladstone due to the lack of suitable geological sites.

Potential for deployment  
in Gladstone

7	 Scope 1 emissions are those produced both from burning fossil fuels for heat, as well as from the chemical transformation of limestone.

8	 We note that while the captured carbon embedded in these products can be released back into the atmosphere, further recycling of these  
	 subsequent emissions as a replacement for virgin fossil feedstocks through circular economy principles have been recognised to play a  
	 vital role in whole-of-economy emissions reductions (Ilinova and Kuznetsova 2022).

There are, however, significant barriers to implementing CCU for  
heavy industry, which will require significant shifts in policy to overcome.  
The technology does not currently possess the >90 per cent capture rates 
required to meet industrial net zero targets, and is also cost-prohibitive 
to operate, with costs ranging from US$60–120 per tonne of carbon 
dioxide captured from the clinker and lime industries (IEA 2021).  

Barriers to deployment
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These high costs are attributed to the complexity of these technologies 
and the difficulties in retrofitting them to existing facilities. 
Compounding this problem is the limited state or federal government 
support for carbon capture technologies, including research and 
development, financing and appropriately crediting their use through 
ACCUs. Policy options addressing these areas can support the 
decarbonisation of some of Australia’s highest-emitting industries.  

Our analysis finds several common barriers to deploying key 
decarbonisation technologies or fuels in Gladstone. These include: 

	+ high capital costs of new decarbonisation assets, including the 
upfront cost of the asset and the costs associated with retrofitting 
the asset into existing facilities 

	+ high capital costs for on-site electricity infrastructure to support 
new electrified assets 

	+ limited availability of the required low-carbon fuels, despite high 
feedstock potential around Gladstone or Central Queensland

	+ limited availability of the electricity needed to support new 
electrified assets and hydrogen production, despite the high 
renewable potential in REZs around Gladstone 

	+ high operating costs for new electrified decarbonisation assets

	+ electricity generation and transmission planning by federal and  
state authorities that underestimates the scale and pace of  
the infrastructure build-out required to meet industry’s 
decarbonisation ambitions. 

In this report, Climateworks addresses strategies to overcome 
several of these barriers. Section 4 discusses how industrial demand 
management can reduce operational costs for electrified technologies 
without compromising productivity, while Section 5 focuses on 
approaches that state and federal governments can use to support 
industries with the financial burden of decarbonisation. A summary 
of our recommendations can be found in Section 6. Climateworks’ 
recommendations for energy planning authorities to align their 
demand assessments with industrial decarbonisation ambitions to build 
electricity infrastructure at the scale required can be found in a previous 
publication, Seizing Gladstone's low-carbon opportunity: A net zero 
industrial precinct approach.

3.3. 
Common barriers

The role of carbon capture in 
decarbonising ‘hard to abate’ industries 
across all of industry

BOX 9: 

Carbon capture has few use cases across most of industry, as there are 
typically more financially viable decarbonisation options. While carbon 
capture technologies typically have an 80 per cent capture rate,  
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zero-emissions technologies are also anticipated to be available in most 
industries before 2050 (Climateworks Centre and Climate-KIC 2023). 

However, carbon capture is one of the few scalable decarbonisation 
options for industries with significant 'hard to abate' process emissions, 
such as the cement and lime industries. In Gladstone, these industries 
have emphasised that carbon capture is the only economically viable 
option for reducing these process emissions. 

The International Energy Agency (IEA) has identified carbon capture  
as vital to addressing emissions in 'hard to abate' heavy industries  
(IEA 2023). Climateworks’ Decarbonisation scenarios 2023 also identified 
carbon capture as responsible for reducing 65 per cent of process and 
industrial heat emissions from the cement sector by 2040 under its 1.5°C 
scenario (Climateworks Centre 2023). Climateworks’ modelling in this 
report shows carbon capture, in combination with switching to low-
carbon fuels, could reduce the industrial heat emissions associated with 
producing cement and lime in Gladstone by 98 per cent by 2040.
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4.	 Demand management can alleviate  
	 some of the challenges in electrifying  
	 industrial heat

Any increase in electricity consumption was expected to be met by a 
proportionate increase in generation. However, increasing shares of 
VRE, the high cost of fossil fuels, and increasing climate volatility mean 
the NEM is faced with a fundamental change to how it is used, how 
electricity is traded and how it is physically possible to provide  
adequate power. 

Climateworks has found that the total expected VRE capacity in the 
NEM could rise by 600 per cent by 2050 under a 1.5°C-aligned scenario 
(Climateworks Centre 2023). Solar and wind represent the most 
economically viable generation methods today, due to their ability 
to provide cheap, low-carbon and decentralised power (Graham et 
al. 2024). However, their variability results in increased difficulties 
sustaining consistent generation on a daily and seasonal basis.  
Increased VRE, combined with increasingly volatile weather events, 
means that the stability of the NEM is at risk. Lack-of-reserve (LOR) 
events, used by AEMO to indicate a mismatch between electricity 
supply and demand, as well as high-price events, where NEM wholesale 
prices spike significantly above baseline averages, have become 
more commonplace. In 2023, there was a significant increase in LOR 
events, with nearly 120 forecasted in Queensland alone, while 2024 
saw both record high and low wholesale prices for both New South 
Wales and Queensland, creating unfavourable economic conditions 
for both consumers and generators. To counter these events, demand 
management practices and the flexibility of large industrial loads will 
become increasingly instrumental to the cost-effective provision of 
Australia’s energy security. 

Demand management refers to a broad range of strategies aimed at 
influencing electricity consumption and generation to better match 
electricity supply profiles through both short-term adjustments and 
long-term trends. This includes behavioural adjustments, energy storage 
or load curtailment. Demand response is one such strategy, which 
involves using price signals or compensation to incentivise consumers 
to voluntarily modify their energy load (Demand response n.d.). This is 
typically used by transmission system operators (TSOs) to ensure the 
stability of the grid. This load can be modified by undergoing:

	+ load shifting, where the load is either brought forward or delayed  
to a different time

	+ load shedding, where the load is reduced or switched off entirely

	+ load shimmying, where the frequency of the load is adjusted over a 
sub-second timeframe 

Demand response is a rapidly implementable and cost-effective method 
to provide grid stability, and is complementary to the costly and lengthy 
build-out of additional generation and transmission infrastructure. 
The value of demand response resources, ranging from large energy 
consumers like industrial facilities to individual residences, is being 

Australia’s largest energy 
network, the National Electric 
Market (NEM), was created with 
the assumption that electricity 
could be generated with a  
certain degree of stability using 
coal and, eventually, gas-fired 
power plants. Stability from  
these fossil-fuelled generators  
is characterised by the ability  
to generate a predictably 
constant amount of energy.   
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increasingly recognised in Australia; these resources are known as 
‘Distributed Energy Resources’. Demand response is a strategic priority 
in ARENA’s 2021 Investment Plan and is currently estimated to have 
benefits of between $8–18 billion, with this only increasing with a  
greater VRE share (Briggs et al. 2024).     

Flexible demandBOX 10: 

Sources of flexible demand are key to industries’ demand response 
capabilities. These include processes that can safely moderate electricity 
usage – such as adjusting the frequency of aluminium smelting pots or 
switching off clinker milling units – and using battery or thermal storage 
to alter the time that power is drawn from the grid. 

Industrial flexibility is, however, currently limited – particularly in  
heavy manufacturing. This is because facilities tend to operate 
throughout the day, which limits their ability to shift their 
loads to alternative times. Facilities could also possess complex 
interdependencies between their processes, meaning load reduction for 
one process could affect significant proportions of the whole facility. 
Although increased electrification and storage technologies have 
significant potential to overcome these challenges, energy planners  
have a limited understanding of this flexible potential. This has led to  
an underdeveloped policy landscape and a lack of incentives for  
industry to adopt such enabling technologies and take part in  
demand response programs. 

Increasing shares of VRE will require firming to ensure a stable and 
reliable supply of baseload electricity. This firming is currently supplied 
mostly by costly fossil-fuelled ‘peaking’ generation facilities, which are 
power plants that only run during periods of high electricity demand. 
As these facilities are typically only infrequently used, the power they 
provide is associated with much higher electricity prices. However, 
Australia is also investing heavily in utility-scale battery storage, with 
a predicated annual battery storage capacity of 209 GWh by 2030.9 
Relative to the size of our network, Australia is committing to energy 
storage more than other comparable locations with similar networks, 
like France and Texas, both of which are planning for storage  
capacities two to four times less than Australia.10

Yet a business-as-usual approach to energy planning that forgoes 
demand management and relies on storage alone for firming will come 
at a substantial capital cost. Instead, combining short-term (or shallow) 
battery storage, long-term (or deep) storage (e.g. pumped hydro or 

4.1. 
Demand 
management 
can complement 
battery storage 
for firmed grid 
electricity

9	 Climateworks analysis, based on data from AEMO’s 2024 ISP (AEMO 2024).

10	 Climateworks analysis, based on network data from Australia (Modo Energy 2025), Texas (Modo Energy 2024) and France  
	 (Rystad Energy 2023).
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compressed-air storage) and demand management mechanisms could 
represent a synergised, low-cost approach to a firmed grid with high 
shares of renewables.

The provision of demand management at scale will require significant 
policy shifts and a whole-of-network change to how Australia consumes 
energy. In the short term, investment in battery storage will be the  
key enabler to accommodate an increasing share of VRE and provide  
the firming necessary while these policy changes are implemented.  
In the long term, demand response resources will be critical to  
providing flexibility for demand management at scale. 

Energy planners currently see electric vehicles and the residential sector 
as the largest opportunities for increased demand response, due to an 
underestimation of the scale of industrial electrification and industry’s 
potential for flexibility (Briggs et al. 2024). While this can be partially 
overcome with greater discourse between energy planners and key 
industrial stakeholders, this lack of understanding currently restricts 
energy planners from harnessing the full potential of flexible demand in 
industry to complement the NEM’s increasing share of VRE. This, in turn, 
will require a costly build-out of transmission, generation and battery 
storage infrastructure to compensate. 

Electrifying Gladstone’s industries in flexible ways could more than 
double Australia’s ability to stabilise the energy grid. In this section, 
we identify potential sources of flexible industrial demand that could 
contribute to demand response capacity in the NEM, using Gladstone’s 
industries as a case study. We follow this with an in-depth analysis 
of how thermal storage technologies could be paired with electrified 
industrial heat to unlock industrial flexibility at scale – facilitating the 
cost-effective decarbonisation of industrial heat while providing benefits 
to energy consumers across Queensland. However, implementing 
industrial flexibility and the provision of demand response services 
are typically not financially competitive activities for industry, due to 
the costs of enabling technologies or the financial losses to facilities 
associated with decreased productivity. To realise demand response 
benefits, governments or energy system operators can support industry 
to implement these activities, whether via the upfront capital costs of 
flexible assets or via a proportionate compensation for their services.  

Ideal industrial processes to provide demand response capacity are  
those that:

	+ consume large quantities of electricity

	+ have a high energy intensity, as represented by the amount of 
electricity in kilowatt hours needed to produce a tonne of product

	+ have a high potential for flexibility, as represented by their ability to 
quickly and safely power down or ‘load shed’. 

Figure 8 categorises Gladstone’s industries according to these metrics; 
however, as seen in the figure, no existing industry in Gladstone currently 
meets these metrics exactly.

4.2. 
Sources of  
flexible demand  
in industry 
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FIGURE 8: Flexible demand potential for industrial processes in Gladstone’s industries

Electrifying Gladstone’s industries alone could provide up to 4.4 GW  
of demand response capacity by 2040 (Figure 9). This more than 
doubles Australia’s current capacity – from just one industrial region. 
This capacity is categorised by the length of time it could technically 
be provided, and ranges from under 30 seconds to a full day. As seen in 
Figure 9, just under 4 GW of Gladstone’s demand response capacity  
could be activated for up to 16 hours without technical difficulties,  
with ETES-coupled, low-temperature electrified heat and the production 
of green hydrogen representing the bulk of this capacity. The alumina 
industry comprises most of the electrified heat share, and therefore 
contributes a large share of demand response resources. 

FIGURE 9: Potential demand response capacity from Gladstone’s industries in 2040
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While still currently in development, the large-scale use of electrolysers 
for hydrogen production represents the highest potential for demand 
response capacity across industry. This process both consumes a 
substantial quantity of electricity and can instantaneously switch on 
or off with few adverse impacts. Indeed, several studies have suggested 
that the flexible production of hydrogen and dynamic electricity pricing 
will be the primary drivers for hydrogen reaching commercial viability 
(Wu and Li 2023).  

4.2.1. 

Hydrogen  
electrolyser flexibility

The aluminium industry currently represents the best source of  
existing demand response capacity, with several smelters around the 
world already providing these services (Hanley 2024; AEMO 2024b). 
While Gladstone’s Boyne Island smelter is one of the largest single-
facility loads in the whole of Queensland, one key limitation prevents 
it from being used effectively for demand response – its low potential 
for flexibility. This is because alumina feedstock needs to be kept in a 
molten state, with its solidification producing catastrophic results and 
irreparably damaging equipment. As such, most smelters in Australia 
can currently only participate in demand response by temporarily 
shutting down small batches of their smelting capacity, for a few 
hours at a time. This interruption must also be planned hours or days 
in advance, limiting the type of demand response services that can be 
provided (Golmohamadi 2022). By retrofitting smelters with enabling 
heat-exchanger technologies, smelters can unlock increased demand 
response capacity by partially increasing or reducing the power used  
for smelting by around 20 per cent, with the key benefit being the  
ability to provide this demand response capacity with little notice,  
and for any duration (Depree et al. 2022; Buckley 2020). However, a 
recent assessment of these technologies found their implementation  
to be financially unprofitable for Australian smelters, without a 
significant revision of Australian demand response compensation 
mechanisms (Butler 2020).

4.2.2. 

Aluminium  
smelter flexibility

On the other hand, the cement industry in Gladstone, comprising clinker, 
cement and lime production, holds significant potential for flexibility, 
but is limited by its low total electricity demand. Electricity demand 
from Gladstone’s cement facilities is several orders of magnitude less 
than that of alumina or aluminium production. Electrically operated 
machinery is used in cement facilities to transport, crush and blend  
the large quantities of feedstock, in the form of raw limestone and 
clinker nodules, as well as the finished cement product. The relatively 
inert nature of these feedstocks means that this machinery can be 
halted almost indefinitely, and with little notice needed. The duration  
of stoppage is only limited by the facilities’ stockpiling capabilities,  
as currently, delivery of the raw material into kilns cannot be halted  
due to the high fuel costs of heating the kiln. As such, the size of  
storage silos is linked to the flexibility potential of this industry. 
Significant opportunities exist for grinder operations to be shifted  
to off-peak periods where electricity costs are low. 

4.2.3. 

Cement processing 
flexibility

As the alumina and chemicals industries require a constant supply 
of heat for chemical transformations (i.e. converting bauxite ore to 
aluminium hydroxide through the digestion process) their potential  
for flexibility is low. However, using ETES technologies can ‘switch on’  
the required flexibility in these industries, which could greatly increase 
their demand response capacity and facilitate their decarbonisation,  
as discussed in the next section.

4.2.4. 

Alumina and chemicals 
production flexibility
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Seasonal demand response BOX 11: 

While shifting industrial loads from one part of the day to another can 
allow industrial demand to be better matched to the daily variation in 
renewable energy supply, longer-term demand reductions over two to 
three weeks in winter will have an equally important role in reducing  
the need for fossil gas-based peaking generation.   

VRE generation across the NEM undergoes a several-week ‘dunkelflaute’ 
period in winter, referring to a ‘renewables drought’ period of minimal 
generation from both wind and solar assets. This dunkelflaute period 
also coincides with an increase in demand as more electricity is used for 
heating. For example, demand in Queensland increases by up to 2 GW in 
the winter. This supply and demand mismatch typically results in higher 
wholesale electricity prices, with average winter prices in Queensland 
$20/MWh higher compared to the rest of the year in 2024 (Australian 
Energy Regulator, n.d.). Short-duration storage assets like batteries or 
ETES technologies cannot address winter mismatches alone. 

As the share of VRE generation increases in the grid, business-as-
usual operations by industry during a dunkelflaute period will impose 
increasing costs on the whole of Queensland, arising from either the 
increased use of gas-fuelled peaking generators, or the overbuild of 
renewable energy infrastructure to compensate for reduced supply.  
An alternative to these costly routes could be the use of demand 
measures targeting overnight winter loads, which could reduce gas  
use and avoid investment in gas peakings, driving major reductions  
in energy consumers’ costs. 

An example of winter demand measures is using large-load shaping 
incentives, where new loads are designed to avoid overnight winter loads. 
Incentives could be applied through government support or connection 
agreements with energy providers. Another example is a winter reserve 
trader, where tenders are placed for existing large energy users to divert 
their planned maintenance and shutdown periods to winter months. 

Examples of these measures have already been implemented around  
the world. New Zealand has requested that their largest industrial 
load, New Zealand Aluminium Smelters (NZAS), lower its consumption 
by 50 MW during the winter period (Meridian Energy 2025). At peak 
curtailment, this represents around 9 per cent of NZAS’ electricity 
consumption. Future agreements will likely see this curtailment  
increase to double or triple this figure in the coming years.

As industrial processes transition from fossil fuels to renewable energy, 
electrifying low-temperature heat will rapidly become a major avenue 
for decarbonisation (Lovegrove et al. 2025). This will require cheap 
renewable electricity to be supplied at an unprecedented scale,  
and as the share of VRE generation grows in the Australian network, 
the requirement to match this variable generation to demand will 
become a bottleneck with serious ramifications for industries that 
are based on constant production. While the government-led rollout 
of demand management practices can encourage industry to change 
its consumption behaviour to a certain degree, many industries are 
currently operationally constrained from participating due to the 
technical limitations of their technologies. 

4.2.5. 

ETES-enabled flexibility 
and its role in low-
temperature heat 
electrification 
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As such, these industries are faced with the dilemma of choosing 
between the financial and reputational penalties associated with 
deferred decarbonisation, or the high costs associated with sourcing 
around-the-clock electricity, from either expensive, peak-demand 
electricity or costly large-scale battery assets, to ensure a constant 
supply. By enabling load flexibility, ETES technologies can overcome this 
hurdle. ETES technologies can draw in renewable electricity when it is 
cheap and dispatch it as heat when electricity prices are high. 

Energy demand management through flexible heat could save 
Gladstone’s industries $3 million a day in operating costs and reduce 
demand at current peak periods by around 2 GW. As this section will 
demonstrate, the combined upfront capital and ongoing operational 
costs associated with ETES technologies can be far cheaper than current 
fossil-fuelled or analogous electrified technologies, with our analysis 
suggesting ETES technologies can be the most cost-effective route 
for electrifying low-temperature heat. Our analysis further indicates 
that adopting ETES technologies at the scale required to decarbonise 
low-temperature heat in Gladstone’s alumina industry alone could 
fundamentally alter Queensland’s energy landscape and could 
significantly reduce electricity costs for industry and other consumers 
across the grid. 

To lay the groundwork for this analysis, Climateworks has first modelled 
what Queensland’s daily energy demand profile in 2040 could look like  
in Figure 10, under a:

	+ ‘step change’ scenario, as represented by the orange line, using 
forecasts from the 2022 Queensland SuperGrid Infrastructure 
Blueprint (which draws from AEMO’s ‘step change’ scenario in the 
2022 Draft Integrated System Plan [Queensland Government 2022a])

	+ ‘step change with electrified heat’ scenario, as represented by 
the blue line, incorporating the baseload demand required for 
continuously producing electrified heat for Gladstone’s alumina 
industry in our ‘step change’ scenario.

Our ‘step change with electrified heat’ scenario was developed as 
loads associated with electrifying Gladstone’s existing industry are 
excluded from AEMO’s ‘step change’ scenario forecast (Powerlink 2023). 
We address this by incorporating an additional 1.8 GW of load spread 
uniformly throughout the day, derived from Climateworks’ modelled 
demand for the alumina industry’s electrified low-temperature heat 
requirements. Both demand profiles are characterised by periods of peak 
demand during the morning and evening, as the residential sector wakes 
up or returns home from work, and periods of low demand during the 
middle of the day (see Figure 10).

Climateworks’ modelled generation profile for Queensland in 2040 is 
overlaid on the demand profiles and represented by the shaded blue 
background in Figure 10. This profile was calculated as a function of 
both the forecast 2040 generation capacity from the 2022 Queensland 
SuperGrid Infrastructure Blueprint, as well as daily capacity factors for 
solar and wind specific to Queensland (Queensland Government 2022a; 
Australian Energy Regulator 2022; Heath 2024). The generation capacity 
from the SuperGrid report, drawn from a 90 per cent mix of rooftop solar 
and utility-scale wind and solar farms, and around 10 per cent of gas 
or hydrogen peaking generators, can meet peak demand under AEMO’s 
‘step change’ scenario at all times. 

In Figure 10, the daily wholesale electricity price in Queensland is 
represented by the dotted blue line. This was determined by averaging 
all of Queensland's prices from 2024 to obtain a year-averaged price 
summary, and has been included here to illustrate the correlation 
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between supply and demand. As seen in Figure 10, prices are low during 
the middle of the day when demand is at its lowest and solar generation 
is at its maximum, and high when the inverse is true, peaking at around 
$650/MWh in the early evening.  

The key takeaways from this comparison:

	+ Including the load associated with continuously producing electrified 
heat shows a significant network-wide mismatch between peak 
electricity demand and peak electricity supply, particularly in the 
morning and evening periods.

	+ This additional load would result in significant costs, not just to the 
alumina industry, but to all users across the grid, as wholesale prices 
rise accordingly during these peak demand periods.   

FIGURE 10: Climateworks modelled year-averaged daily energy profile for Queensland in 2040

P
O

W
ER

 (
G

W
)

18

16

14

12

10

8

6

4

2

0

$/
M

W
h

700

600

500

400

300

200

100

0

00.00 02.00 04.00 06.00 08.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00

To mitigate this mismatch, ETES assets can be used to shift industrial 
electricity consumption to match peak renewables production in the 
middle of the day. ETES assets can charge (i.e. convert electricity to 
heat) and discharge (i.e. release heat) simultaneously. Figure 11 depicts 
the ideal operating profile of an ETES asset, where the asset is charged 
for eight hours in the middle of the day, resulting in 16 hours of stored 
heat that is discharged during the morning and evening periods.  

Simultaneous charging and discharging affords an uninterrupted  
supply of heat, facilitating a business-as-usual level of industrial 
productivity, while circumventing the need to draw electricity from  
the grid for 16 hours a day. While this operating profile does require  
more electricity during the day, relative to a continuous operating 
profile, cheaper daytime electricity prices mean that operating  
costs are significantly reduced. 
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T IME

FIGURE 11: Ideal operating profile for an electrothermal energy storage asset

As seen in Figure 12, applying an ETES-enabled operating profile to the 
load for Gladstone’s alumina industry’s electrified heat requirements 
results in a third scenario for Queensland’s daily electricity demand 
profile in 2040: 

	+ ‘Step change with flexible heat’ scenario, as represented by the 
purple line.

FIGURE 12: Impacts of ETES technologies on Queensland’s electricity demand profile in 2040 
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Adoption of ETES technology at scale by Gladstone’s alumina industry 
would transform Queensland’s demand profile, reducing demand at 
current peak periods by 1.8 GW. Whole-of-network peak demand shifts 
from the morning and evening to the middle of the day, when it is more 
closely matched with peak renewables generation. While this analysis 
uses a binary-state ETES operating profile that is either charging at 
maximum capacity or not charging at all, a ‘stepped’ operating profile 
where the ETES asset is charging at a percentage of maximum capacity 
can likely better match Queensland’s generation profile as solar 
generation ramps up and down.    

Using an ETES-enabled, flexible operating profile means that  
industry can take advantage of cheaper electricity prices during the  
day to reduce the aggregated costs of electrifying its operations.11  
Table 4 compares the capital and operating costs of three heating  
assets – contemporary gas boilers, electric boilers and ETES batteries –  
if they were in use today, at the scale required to supply low-temperature 
heat requirements for Gladstone’s alumina industry. Operating costs 
are determined using a gas price of $7/GJ to simulate the power 
purchase agreements (PPAs) that typical industrial entities have used 
to lock in cheap fossil fuels, noting that the current spot price for 
gas in Queensland is much higher at around $14/GJ. Electricity prices 
equivalent to the wholesale electricity prices calculated in Figure 10 are 
also used. Capital costs are calculated from both literature and industry 
data, and are averaged out over an assumed 30-year lifespan to  
give a daily cost (Defauw et al. 2022). 

Energy demand management could save Gladstone’s industries  
$3 million a day in operating costs. As seen in Table 4, ETES assets  
could be the most cost-effective form of electrified heat production. 
Flexible operating costs (at $1.06 million per day) could be four times 
lower when compared to continuously operating electric boiler operating 
costs (at $4.23 million per day). While the lifetime-averaged capital 
costs of electric boilers are cheaper than those of ETES assets, largely 
due to the maturity of electric boiler technologies, the aggregation 
of both costs still suggest that ETES assets are two and a half times 
cheaper than electric boilers for the provision of industrial heat.12  

While operating costs for flexible heat are calculated to be roughly equal 
to those for gas-fuelled boilers, several factors, including carbon prices 
(i.e. those under the Safeguard Mechanism), expiring gas PPAs and 
volatile wholesale gas costs, will make a gas-centric business-as-usual 
approach increasingly expensive, and likely more costly than using an 
ETES asset. 

11	 Assuming that industry has access to either behind-the-meter renewable generation or dynamic electricity pricing structures.

12	 While hourly wholesale electricity costs may shift in response to the mass uptake of ETES assets (see Figure 14), Climateworks finds that  
	 ETES-enabled heating still represents the most competitive electrified heating option.
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TABLE 4: Cost comparison of three assets for low-temperature heat in Gladstone’s alumina industry

Heating  
asset

Operating  
costs

Capital costs 
(lifetime- 
averaged)

Aggregated  
costs

Gas boiler  
(simulated current PPA-
derived fuel prices)

$1.01 million/day $0.05 million/day $1.06 million/day

Electric boiler  
(continuous  
electrified heat)

$4.23 million/day $0.13 million/day $4.36 million/day

ETES  
(flexible electrified heat)

$1.06 million/day $0.70 million/day $1.76 million/day

Electrifying Gladstone’s industries and adding heat storage could cut 
wholesale electricity prices by as much as 60 per cent, lowering costs  
for industry and consumers across Queensland. Climateworks has 
modelled what this change could look like in spot prices in contemporary 
markets, if ETES assets were to be implemented at scale today (Figure 13). 
These changes were modelled by calculating the change to spot prices as 
demand varies throughout the day. This is then applied to the amount of 
electricity shifted by using ETES assets, relative to the amount used by a 
continuously operating electric boiler. 

As seen in Figure 13, spot prices increase during the middle of the 
day, due to the increased loads associated with ETES charging, and 
significantly decrease during the morning and evening when residential 
demand is at its highest (Mumtahina et al. 2024). The decrease in 
evening industrial electricity demand could reduce wholesale spot prices 
by up to $160/MWh; however, this is offset by slightly higher middle-
of-day price increases of up to $5–60/MWh. Increased middle-of-day 
prices can likely reduce the frequency of negative price events, where 
the wholesale prices drop below $0, which typically occurs when there 
is an oversupply of electricity. This can increase investor confidence in 
renewable generation projects by ensuring increased profitability and 
reduced curtailment (Brook n.d.).

Under a scenario where ETES assets are deployed at scale, the day-
averaged spot price could be reduced by up to 60 per cent (Figure 13). 
Passing these reduced wholesale prices onto consumers could result in 
significant savings across Queensland, particularly to power bills in  
the residential sector. 
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FIGURE 13: Potential impacts of flexible heat on wholesale electricity prices compared to the continuous 
use of electric boilers

Increased industrial flexibility would facilitate industry’s participation  
in demand response programs in the NEM. This participation could 
serve as a method of compensation to industry for its investment in 
flexibility, as well as a resource that energy planners could use to better 
support the grid. In this section, we analyse the major demand response 
programs in the NEM, and compare them to best-practice demand 
response programs around the world to suggest how they could better  
be used to support whole-of-grid energy security. 

The NEM currently operates three major programs that provide grid-
controlled demand response, namely the Frequency Control Ancillary 
Services (FCAS), the Reliability and Emergency Reserve Trader (RERT) 
and the Wholesale Demand Response Mechanism (WDRM). Collectively, 
participants in these programs provide a maximum potential capacity  
of around 4 GW, with this capacity used to improve grid reliability  
and provide emergency support. Participants are compensated for  
the availability of their services or for activating their capacity.  
AEMO funds this compensation through avoided network costs 
compared to a network without demand response mechanisms.  
Without demand response interventions from these programs, the 
cost for a market disruption can be around five to ten times the 
compensation supplied to program participants. These programs result 
in a net win for AEMO, program participants and the stability of the grid.  

Increasing the scope of these programs, in line with how other energy 
markets around the world have used their demand response capacity, 
could lower energy costs for consumers and transform the provision 
of demand response capacity into an additional source of revenue for 
industrial participants.    

4.3. 
Demand response 
programs in  
the NEM 
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The RERT program provides emergency demand response services, 
which uses either unscheduled generation (i.e. standby generators) or 
unscheduled curtailment (i.e. the reduction of consumer loads) during 
periods of large demand–supply mismatches. This prevents widespread 
grid instability and potential blackouts, acting as a ‘safety net’ for the 
network. These activations are a response to forecasted LOR events,  
with participants typically forewarned hours or days in advance.

Due to its mandate to mitigate potential emergencies, RERT prioritises 
both reliability and capacity, and retains the highest capacity among 
the NEM’s demand response programs with approximately 2.5 GW of 
potential services. As such, typical participants are those who can 
provide an extended duration of reduced or shifted load, with past 
activations ranging from a single hour to several days. Participants are 
sourced through short-term contracts, where they are placed on retainer 
to provide demand response services for a given period, but are only 
compensated for activation at a rate of $36,000 per MWh of  
capacity provided.

RERT is currently used infrequently – only eight activations in the last five 
years. While this befits its purpose as an emergency-response measure, 
this also means the largest share of demand response capacity in the 
NEM cannot be used in its day-to-day stabilisation. 

4.3.1. 

Reliability and 
Emergency Reserve 
Trader (RERT)

The FCAS program provides demand response capacity for network 
ancillary services. It involves a rapid, continuous injection or reduction of 
energy in the network to maintain the network’s ‘quality’ of transmission 
when there is a sudden imbalance. These imbalances, arising from a 
sudden mismatch between generation and consumption, can lower 
the efficiency of transmitted power across the grid. AEMO has noted 
a significant rise in these mismatches in recent years, occurring, for 
example, when there is a fluctuation in renewable generation due to 
cloud cover or an unexpected stoppage of an industrial facility. 

As demand response services for the FCAS program rely on rapid, short-
duration adjustments, typical participants are those who can provide 
a rapid, automated response through quick alteration to their energy 
profile. Requests for services can occur hundreds of times in a year, with 
AEMO recording 137 significant events in 2024, totalling 25 minutes of 
load adjustment, with events typically on the second-to-minute time 
scale (AEMO 2025). The most valuable category of FCAS services is those 
that can respond within less than a second, known as the ‘Very Fast 
Response’, with a recorded capacity of 1.1 GW and 1.4 GW for frequency-
lowering and -raising responses, respectively. Remuneration for FCAS 
services is provided in the form of passive compensation for availability, 
at around $10 per MWh.  

As FCAS stabilises frequency disruption in the second-to-minute time 
scale, its capacity is limited in longer-term power disruptions.

4.3.2. 

Frequency Control 
Ancillary Services (FCAS)

The WDRM, as a wholesale demand response service, is a market 
mechanism that uses price-incentivised shifting or reducing of 
consumption. It allows consumers to freely and directly trade their 
demand response capacity on the wholesale electricity market in the 
same manner as generators. The intended outcome of this mechanism is 
to allow supply and demand market factors to incentivise the provision 
of demand response services by increasing compensation amounts 
during periods when demand response is most needed.

The WDRM has historically held a modest amount of demand  
response capacity. As of June 2025, the mechanism has access to  
74 MW, or around that produced by a single utility-scale battery farm.  

4.3.3. 

Wholesale Demand 
Response Mechanism 
(WDRM)
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However, this is expected to double by the end of 2025, with another 
95 MW (AEMC 2025). Nonetheless, despite this recent improvement 
in registered capacity, the WDRM total still remains a small fraction 
compared to what is registered under the RERT and FCAS programs, 
limiting the scale of services it can provide. 

The Australian Energy Market Commission (AEMC) is currently reviewing 
the WDRM and is considering expanding the eligibility criteria for 
the mechanism to increase participation (AEMC 2025). This review is 
occurring in parallel to a proposed NEM reform, to facilitate a two-way 
market that better connects supply and demand, which the AEMC has 
suggested could be enabled through continued refinement of the WDRM.   

Australia is currently using battery storage to shore up its firming 
requirements (see section 4.1). Energy markets in other locations have 
addressed their firming needs through a variety of technologies to take 
advantage of their local context. For example, baseload generation 
for firming in Texas and Singapore is provided by cheap oil and gas, 
while France and Norway have used nuclear and hydropower plants 
respectively. Australia is unable to implement these at the pace  
required due to high domestic costs or a lack of existing infrastructure.  
These markets, however, have also recognised that the use of baseload 
generation for firming capacity is only one part of the solution, 
and cannot solely provide the stability that their networks require 
in a decarbonising energy landscape. Instead, these markets have 
complemented their baseload generation with innovative demand 
response programs. A summary of the key shortfalls of demand response 
programs in the NEM, and how international energy markets have 
overcome these challenges, can be found in Table 5. 

4.4. 
Comparison  
with international 
case studies 
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TABLE 5: Comparison of Australian and international demand response programs

Key shortfalls in Australian demand 
response programs

Key learnings from international 
demand response programs

RERT : Activated infrequently, despite possessing the 
largest demand response capacity. 

TEX A S : Integration of emergency and  
non-emergency demand response programs has 
increased the frequency of capacity activation for 
whole-of-market benefits without compromising 
emergency response.

WDRM:  Low profitability and participation, and high 
barriers to entry.

FR ANCE : An efficient free-agent market design, 
allowing easy participant access to wholesale 
markets, means that demand response participation 
and capacity is high.

FCA S : Despite its status as the most frequently used 
program in the NEM, it has the potential to be used 
far more often.

FR ANCE : High participation and capacity means 
that demand response is treated as a fundamental 
aid to the network and is used frequently for multiple 
services, including wholesale price cost reductions.

CROSS-PRO GR AM FACTORS : Despite the 
significant potential for flexibility in the residential 
sector’s energy consumption, energy planners have 
little capacity to use residential-sector resources for 
demand response services.

NORWAY : Heavily integrating smart meters in 
residential and small business appliances, combined 
with a communal outlook on the shared nature 
of energy resources, affords mass participation in 
demand response programs and a large capacity to 
be autonomously and rapidly drawn on. 

CROSS-PRO GR AM FACTORS : Steep non-
compliance penalties and entry requirements to 
the demand response market disincentivises new 
participants from joining.

SINGAP ORE : Effectively using incentives for 
compliance and a more forgiving penalty system 
has seen significant success in increasing demand 
response participants and capacity.

As a major component of the European Union (EU) grid, France’s energy 
network is an increasingly important stabilisation factor for the EU as 
the share of renewable energy, and grid volatility, in connected countries 
increases. This stabilisation is provided by France’s fleet of nuclear power 
plants, which supply 70 per cent of the country’s total energy mix. In the 
first half of 2024, France generated 272 TWh of electricity, and exported 
16 per cent of this, providing stability to European energy markets like 
Italy, the United Kingdom and Germany.   

In 2013, France developed a mechanism known as the Notification 
d'Échanges de Blocs d'Effacement (NEBEF) to account for the variable 
demand of the grids France is connected to and recent power shortfalls 
in its own grid from its lack of flexibility (Cabot and Villavicencio 2024). 
The NEBEF is to encourage entities to participate in demand response, 
with a focus on predictable load adjustment. Most demand response 
capacity has historically been sourced from aggregations of small 
entities (e.g. residential or small-business entities), which bid to provide 
demand response capacity on a free market, in a manner analogous to 
the WDRM program in Australia’s NEM. Functionally, NEBEF is used in 
a similar manner to the NEM’s FCAS program to supply rapid response; 
however, NEBEF capacity can also be used for longer durations to match 
a wider variety of needs.

Unlike Australia, which saw little success with free-agent wholesale 
demand response trading under the WDRM, this form of demand 

4.4.1. 

France: Notification 
d'Échanges de Blocs 
d'Effacement 
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response participation largely comprises the NEBEF’s total 4.5 GW 
capacity. With over 8,000 activations in 2024, 6,000 of which were 
activations of 15- or 30-minute intervals, this totalled 91 days of load 
adjustment – nearly a quarter of the year (RTE n.d.). In contrast, in the 
same year, the FCAS program performed 137 activations of four-second 
intervals or less, totalling just 25 minutes of load adjustment (AEMO 
2025). These increased activations have resulted in lowered energy bills, 
particularly during the 2021–22 energy crisis spurred by the invasion of 
Ukraine, and facilitated a higher share of VRE in France’s energy network 
(Cabot and Villavicencio 2024). 

The frequency of demand response activations in the NEBEF is enabled 
by mass participation in a wholesale, price-driven market. This mass 
participation can be partially attributed to the financial incentives 
provided by dynamic tariffs in France, in use since the 1960s, which 
have a high degree of synergy with demand response. However, several 
key barriers that typically prevent the deployment of demand response 
in other markets have recently been lifted under the NEBEF – cited as 
a major factor in its success (Cabot and Villavicencio 2024). Factors 
enacted by the French government under the NEBEF include: 

	+ publishing an annual tender forecasting the required demand 
response capabilities, which provides increased certainty to NEBEF 
applicants on the financial return for their participation

	+ reducing the bidding value for demand response services from  
50 MW to 10 MW to motivate the entrance of smaller entities

	+ providing a price premium for ‘green’ demand response capacities, 
which exclude sites that perform load reductions through self-
generation using fossil-fuels.

The Electric Reliability Council of Texas (ERCOT) has recently invested 
heavily in expanding its demand response capacity, largely due to 
a recent climate-induced grid infrastructure failure. Texas currently 
possesses around 8.8 GW of demand response capacity amongst its 
various programs, which is provided predominantly by large generators 
and industrial loads.

Two of Texas’ largest demand response programs are the Emergency 
Response Service (ERS) and the Rapid Response Service (RRS), which 
provide an analogous function to that of the NEM’s RERT and FCAS 
programs, respectively, to maintain response capacity for emergencies. 
Expansion of these programs has been realised through: 

	+ favourable incentives for demand response participants, through 
prioritising the availability of capacity over its actual use and 
therefore paying for retention of services – compared to most 
programs in the NEM that provide remuneration based on 
activations alone

	+ selective, simplified participation criteria that focus on loads that 
can be immediately curtailed, meaning Texas can prioritise industry, 
as entities with a large potential for load-shedding, to provide 
demand response capacity.

However, since 2023, Texas has recognised that there is a middle ground 
between emergency responders and rapid responders, which allows 
large-capacity demand response to be used more often. This inspired 
the creation of the ERCOT Contingency Reserve Service (ECRS), which 
sought to address the load uncertainties caused primarily by increasing 
VRE sources. A combination of the two aforementioned programs allows 
for near-instantaneous response akin to the RRS while also facilitating 
medium-term (i.e. two-hourly) curtailment from demand response 

4.4.2. 

Texas: Electric Reliability 
Council of Texas  
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resources that would otherwise be held in reserve under the ERS.  
The ECRS is intended to reduce the financial disruption to peak-demand 
energy prices caused by the integration of renewables and longer-
duration storage projects in the grid by allowing demand response to be 
used not just as an emergency response, but as an economic resource. 
However, its recent inception and high-temperature weather events in 
2023 have made its long-term impact on prices difficult to ascertain.

Norway’s electricity market, regulated by the Norwegian Energy 
Regulatory Authority (NVE-RME), currently holds 4.1 GW of demand 
response capacity. With a total generation capacity of 40.3 GW, Norway 
possesses one of the highest ratios of demand response to generation 
capacity in the world. Unlike Australia, the residential (2.6 GW) and 
commercial (0.8 GW) sectors provide most of this capacity, rather than 
large energy consumers like industry.  

Norway’s extensive hydropower resources provide more than 90 per cent  
of its electricity, supporting an almost completely renewables-based 
power sector. Much like wind and solar, however, this supply is highly 
variable, particularly in the spring when hydropower reserves are at a low. 
To address this reduced capacity and its impact on the cost-effectiveness 
of industrial operations, the NVE-RME has turned to season-dependent 
demand response programs that largely focus on residential heating 
assets as a national source of demand response capacity. 

A rapid adoption of electrically driven heat pumps for space and water 
heating, combined with large-scale, government-facilitated smart 
meters, means most residential buildings can adjust their electricity 
consumption remotely and automatically. While this process is 
incentivised using price-signalling through dynamic tariffs, there is also 
a cultural expectation for everyday consumers to participate in aiding 
the grid through communal use of their appliances. Implementing 
demand response in Norway has led to decreases in expected electricity 
prices, particularly during peak demand periods, and total system costs 
by exporting flexible electricity to the wider EU grid (Ahang et al. 2025).

4.4.3. 

Norway: Norwegian 
Energy Regulatory 
Authority 

Demand response is a relatively new development in Singapore. 
Singapore’s electricity network, administered by the Energy Market 
Authority (EMA), largely depends on natural gas, with a relatively small 
proportion of VRE generation. This suggests the current build-out of 
demand response capacity is viewed as an investment in the future of 
the grid, rather than addressing a need in the current network.

The highlight of Singapore’s current approach to demand response 
programs is a novel, investigative methodology for learning what will 
best work for the network. Using exploratory ‘regulatory sandbox’ 
periods has allowed the EMA to test new demand response programs  
in safe and conducive conditions while providing the necessary 
safeguards to protect the consumers in the wider energy market. 
During these sandbox periods, both compliance thresholds and penalty 
amounts for demand response have been lowered to encourage more 
commercial and industrial companies to optimise their energy usage. 
In the context of demand response, non-compliance typically refers to 
a failure to deliver the agreed-upon capacity when required or failing 
to comply with energy market operational protocols during activations. 
Feedback from Climateworks’ consultation has suggested that 
Australia’s demand response programs possess high bars for  
compliance and strict penalties for non-compliance. 

4.4.4. 

Singapore: Energy 
Market Authority  
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Singapore’s exploratory approach to implementing demand response is 
possible largely due to the network’s current limited reliance on demand 
response programs. This allows a degree of experimentation without 
fear of significant harm to the broader network. The window for such 
an approach in Australia is rapidly closing, due to an increasingly large 
integration of demand response programs in the NEM. 

In the two years since the most recent sandbox period was launched, 
demand response capacity in Singapore has doubled, and two key 
findings from the study will be integrated into Singapore’s evolving 
demand response program. These findings could assist the build-out  
of Australian demand response programs, and are as follows:  

	+ A clear relation between alleviating the severity of penalties and 
increased participation.

	+ Penalties for failing to meet the response threshold were scaled by 
the degree of non-compliance rather than through a flat penalty, 
with remuneration reduced proportionately.  This incentivises 
increased participation, with half-measures partially rewarded.  
This differs from the environment in Australia, where potential 
capacity providers are currently dissuaded from participating 
through fear of non-compliance. 

	+ A six-month trial period with two waivers for non-compliance 
reduced participant fear.  

Providing a trial period allowed potential demand response participants 
to join with less fear of breaching the compliance threshold, and allowed 
them to gain familiarity with methods of participation. 
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5.	 Strategic public-sector funding  
	 can accelerate Gladstone’s  
	 decarbonisation

The benefits of decarbonisation typically outweigh the financial 
penalties associated with a business-as-usual approach in the long term.  
However, in the short term, industries that are decarbonising their 
operations face financial risks compared to industries who adopt  
a business-as-usual approach.  

Decarbonisation can incur substantial costs from both the initial 
upfront capital expenditure (CAPEX) in acquiring and installing new 
technologies, as well as the ongoing operational expenditure (OPEX) 
to power and maintain these technologies. The relative immaturity of 
these technologies can introduce greater uncertainty to profitability 
calculations compared to traditional technologies, which may hinder 
industries from accessing current methods of financing. This, combined 
with current highly volatile global markets and uncertain long-term 
forecasts on operational costs such as fuel or electricity prices, can 
substantially delay the critical investments needed for decarbonisation. 

The public sector, through financing from state and federal government 
bodies, can play a catalytic role in enabling decarbonisation by 
mitigating some of the financial risks. Public-sector financial 
support for both upfront and operational costs will play an important 
complementary role in reducing the barriers for industry to access 
private-sector financing for clean energy technologies. These forms 
of financial support can best benefit ‘late to abate’ industries, where 
decarbonisation is not yet economical, but which can be reasonably 
expected to reach net zero through credible decarbonisation pathways. 
This public-sector financial support can also economically and socially 
benefit industry’s surrounding communities and ensure the continued 
prosperity of industrial regions.   

In this section, we first analyse the current landscape for public-sector 
financial support for key technologies and fuels identified as vital 
to decarbonising Gladstone’s industries, and highlight the barriers 
preventing industry from making full use of this support. Following 
this, we present case studies of best-practice financial instruments or 
frameworks used to support industrial decarbonisation around the world, 
and suggest how these could be adapted for use in Australia. Many of 
the technologies and fuels that our funding support analysis focuses on 
are applicable to industries outside Gladstone, and we anticipate that 
these findings can be used by governments Australia-wide to better 
enable industrial decarbonisation.

In the Australian ETI, 
Climateworks found that tackling 
industrial decarbonisation could 
cumulatively require up to  
$190 billion by 2050 across 
Australia’s largest industries – 
just for the necessary industrial 
abatement technologies.  
This represents a 62 per cent 
greater investment than business 
as usual (Climateworks Centre 
and Climate-KIC 2023).  
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The role of public-sector support in 
developing Australia’s utility-scale  
solar industry

BOX 12: 

While the cumulative investment required for industrial decarbonisation 
may seem high, with Australian Industry ETI findings suggesting 
Australia could need around $7.5 billion per year, public-sector support 
was proven a decade ago to be instrumental in overcoming a similar 
challenge by catalysing private-sector funding for the build-out of 
Australia’s utility-scale solar industry. 

In 2015, when Australia’s utility-scale solar industry was small, early 
developers were hindered by a range of challenges common to any 
nascent industry. Potential investors lacked the confidence to commit 
capital for new projects, meaning the expertise necessary to overcome 
these challenges could not be developed.

To remedy this problem, ARENA and the Clean Energy Finance 
Corporation (CEFC) used government-backed financing to kick-
start private-sector funding. Between the two organisations, an 
unprecedented $350 million in grants and concessional financing was 
provided to lift developer and investor confidence in funding solar 
infrastructure projects. Under the Advancing Renewables Program, 
ARENA provided gap funding to reduce the cost of individual projects, 
thus increasing the competitiveness of utility solar. At the same time, 
the CEFC provided projects long-payback loans to support them through 
lengthy development periods, and acted as a co-investor to spur greater 
confidence from private-sector financial institutions. Today, due to 
these efforts, utility-scale renewable projects see around $4 billion of 
investment per year. 

High upfront capital costs are one of the largest barriers deterring 
industry from implementing low-emissions technologies. These costs 
cover investments needed for new assets, like electric boilers or CCU 
filters, the upgrades required to facilitate the combustion of hydrogen, or 
the installation of on-site supporting infrastructure like grid connections. 
These can be a significant financial investment for industrial companies, 
which can be compounded if existing fossil-fuelled assets have not 
yet reached their end of life, leading to unrecovered costs if they are 
replaced. New decarbonisation assets are also typically perceived as 
having higher risks due to their underdeveloped track records compared 
to mature high-emissions assets. Industries therefore cannot develop 
rigorous business cases demonstrating a return on investment (ROI)  
at the same speed or scale as more well-understood technologies. 

Public-sector support will be needed to support industries with 
decarbonisation technology costs to accelerate decarbonisation in 
line with government-mandated emissions targets and preserve the 
prosperity of industrial regions. Though there is significant interest 
from private-sector investors to finance the purchase or installation of 
decarbonisation assets due to their role in emissions reductions, the 
high degree of uncertainty typically means these projects do not meet 

5.1. 
Current public-
sector support  
for CAPEX
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the investment criteria of these investors, who in turn cannot rationalise 
the investment decision. New private-sector sustainable finance models 
are currently being developed; however, low-carbon investments in the 
heavy manufacturing industry remain low, and are globally estimated  
to amount to US$15 billion annually (Cordonnier and Saygin 2023).  
It is estimated that these investments need to quadruple by 2030 to 
meet the 1.5°C Paris Agreement targets. Until sustainable finance 
markets have reached maturity, urgent public-sector support from 
governments will be needed. 

Australian federal and state governments have developed several 
financial instruments that use public funds to de-risk or support the 
private-sector financing of low-carbon technologies – for instance, 
through blended finance approaches that encourage encourage 
public- and private-sector co-investment. By overcoming the current 
financial hurdles to implementing these early decarbonisation projects, 
public-sector support in the short term can bring down the costs of 
these technologies through learning-curve reductions and encourage 
their long-term, unsupported implementation at scale. Climateworks 
has identified viability gap funding, loan guarantees and concessional 
financing as three ideal public-sector financial instruments to  
encourage blended finance between governments, industry and  
private-sector investors (Box 12 and Table 6). 

Public-sector funding instrumentsBOX 13: 

Viability-gap funding instruments are typically payments in the form 
of grants or deferred loans, and are used as short-term mechanisms 
to supplement the costs of commercially unviable but economically 
desirable projects. These can be used to support industry’s investment 
in pilot studies to investigate the practicality and implementation 
methodology of new decarbonisation technologies, and are typically 
around several million dollars in value. 

Loan guarantees are instruments used to encourage private-sector 
investment in decarbonisation projects with high perceived risks. 
Governments, as highly credit-worthy organisations, underwrite 
investments if the project underperforms and the borrower defaults.  
This can increase the total supply of financing available for such projects. 

Concessional financing, typically in the form of debt or equity financing, 
is loans provided at more favourable terms (e.g. lower interest rates or 
lowered criteria for applications) than what is available in traditional 
financing markets to support favourable policy outcomes. These could  
be as much as several hundred million dollars in value and are ideal  
for projects which can demonstrate some degree of financial return.  
They are thus suited for the deployment of more mature technologies at 
scale. By providing industry with access to financing mechanisms, this 
can accelerate emissions reduction projects at a low cost to government.
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TABLE 6: Public-sector financial instruments to support blended finance approaches for  
industrial decarbonisation

G O V E R N M E N T - 
B A C K E D  F I N A N C I A L 
I N S T R U M E N T S

W H E R E  T H E Y  C A N  H E L P H O W  T H E Y  C A N  H E L P 

Viability gap funding 	+ Industrial pilot projects or studies Encourages industry’s investment 
in research and feasibility studies

Credit or loan 
guarantees 

	+ Industrial pilot projects or studies
	+ Commercial deployment of  

early-stage technologies

Protects investors against 
the higher risk profile of 
decarbonisation technologies

Concessional finance 	+ Commercial deployment of  
early-stage technologies

	+ Commercial deployment at scale 

Accommodates the  
lower short-term ROIs of 
decarbonisation technologies

Twenty state and federal government-backed financing pools, worth up 
to $21 billion, are available to Gladstone’s heavy manufacturing for the 
upfront costs of decarbonisation technologies (see Appendix, Figure 16).13 

However, to be used effectively, these funds could be further streamlined 
to address specific objectives and industries. 

The bulk of this funding is available through three organisations –  
the CEFC, the National Reconstruction Fund (NRF) and the Northern 
Australia Infrastructure Facility (NAIF) – in the form of credit guarantees 
or concessional financing. Gap funding in the form of grants is 
accessible through ARENA. Funds from the CEFC, NRF and ARENA  
are available Australia-wide, while those from the NAIF are broadly 
limited to industries located north of the Tropic of Capricorn.  
Low-carbon fuel producers, such as biomethane or biomass for  
industrial decarbonisation, can also access this $21 billion funding  
pool, with projects involving renewable electricity or hydrogen 
production able to access additional funding to a total of $42 billion. 

An analysis of the eligibility criteria of these financing pools, in 
conjunction with industry consultation, has found several key challenges 
to effectively using this funding for industrial decarbonisation: 

	+ A lack of targeted funding for the decarbonisation of industrial heat, 
despite its role in the production of most heavy industry emissions.14  

Most financing pools within our analysis have broad decarbonisation 
or infrastructure-development mandates, with few operating  
funds that target just the industry sector, let alone industrial  
low-carbon heat. This means that heavy industry can find it difficult 
to decarbonise compared to other sectors (e.g. energy or transport), 
as the costly nature of decarbonising process heat can result in 
industry being outcompeted by these sectors for competitive  
funding applications.  

13	 The scope of eligible projects that can access the aggregated funding from these pools extends beyond the decarbonisation technologies  
	 discussed in this report.

14	 We note that the sole funding stream for process heat decarbonisation in the last five years, ARENA’s Industrial Transformation Stream  
	 (Round 1), closed in Q1 2025.  
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	+ A lack of targeted funding for the decarbonisation of existing 
'hard to abate' industries that are vital to Australia’s growth.  

These industries (i.e. the cement or chemicals industries) produce 
essential goods. Yet due to their technologically or commercially 
immature decarbonisation options, they struggle to access  
public-sector funding for decarbonisation, even under the lower 
criteria for bankability inherent to concessional financing schemes 
(such as those under the CEFC). Given the specific challenges that 
underpin financing these emissions-intensive industries, the business 
case for such projects is significantly disadvantaged compared to 
those from other industries. A lack of support for these companies 
to meet their emissions targets may mean that they reduce their 
presence in Australia, in turn leading to a reduced domestic 
manufacturing capacity. 

	+ A lack of funding for carbon capture projects, which represent  
the highest-potential option for decarbonising the clinker and  
lime industries.  

Of the 20 financing pools capable of addressing industrial 
decarbonisation, industry consultation has found that none could  
be used for carbon capture projects, despite their potential for  
deep emissions reductions for industry (Cordonnier and Saygin  
2023). These ineligibilities hinder financing, even for projects 
intended as off-takers for captured carbon as a feedstock, and  
they compound the existing difficulties faced by industry in 
improving this technology’s capabilities. 

Upfront costs of decarbonisation projects represent an immediate 
financial hurdle that industries are struggling to overcome.  
However, ongoing operational costs, particularly those related to  
energy expenditure, can represent a significantly greater (30–60 per cent) 
share of the levelised cost of production for heavy industry compared 
to capital costs.15 Electricity prices and the cost of low-carbon fuels, 
like green hydrogen and bioenergy, could comprise the bulk of energy 
expenditure for heavy manufacturing as these industries transition away 
from the fossil fuels they access through cheap PPAs. While it is expected 
that similar PPAs could provide certainty as low-carbon electricity 
and fuel supply increases, currently, the short-term volatility of the 
associated prices results in uncertain estimates of ROIs or payback 
periods. This complicates industry’s ability to develop business cases  
for investment to internal and external stakeholders. 

State and federal governments can provide surety to industry to remedy 
this, ranging from developing long-term stable energy or product demand-
side policies to direct financial support through subsidies or production 
credits that can bridge production costs and profitability (PA Consulting 
2021). As these instruments typically provide ongoing support over several 
years, they can provide a measure of stability that companies can use to 
signal to investors the long-term profitability of decarbonisation. 

Existing public-sector support for the ongoing costs of industrial 
decarbonisation is primarily focused on the production of green 
hydrogen and renewable electricity, which represent upstream 
components of industrial manufacturing production costs.  

5.2. 
Current public-
sector support  
for OPEX

15	 Mission Possible Partnership analysis, Gladstone Clean Industrial Hubs study for Central Queensland Statement of Cooperation.
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These schemes, which are primarily funded or administered  
by the federal government, include: 

	+ Capacity Investment scheme (CIS) – a revenue-underwriting scheme 
for the production and storage of clean electricity 

	+ Large-scale Generation Certificates (LGCs) – tradable certificates 
that can be sold by clean electricity generators 

	+ Hydrogen Production Tax Incentive (HPTI) – tax offset that returns 
producers $2 per kilo of hydrogen generated  

	+ Hydrogen Headstart – production credit that returns producers  
the difference between the production cost and market price  
of hydrogen. 

The CIS and Hydrogen Headstart are revenue-underwriting schemes that 
seek to provide long-term financial safety nets for large-scale renewable 
electricity and hydrogen projects respectively. They ensure a minimum level 
of profitability from the sale of clean energy by compensating producers 
with the difference between clean energy production costs and market 
prices, with this support provided over 10 to 15 years. The HPTI under the 
Future Made in Australia (FMA) Act is an alternative avenue to support 
hydrogen production by reducing the commercial gap between production 
costs and market prices and providing a refundable tax offset of $2 per 
kilogram of low-carbon hydrogen produced over a 10-year period.16 

Both the currently active Critical Minerals Production Tax Incentive (CMPTI) 
and the under-development Green Aluminium Production Credit can also 
serve a similar function to the HPTI, by allowing heavy manufacturing 
industries to receive funding for ongoing production costs.17

These measures spur investor confidence in renewable energy or clean 
technology projects by reducing the risks of unforeseen factors affecting 
profitability, and encourage both the increased build-out of energy 
projects and the long-term reduction of energy production costs as the 
learning curve for these projects is brought forward. 

LGCs on the other hand do not provide direct financial assistance.  
As tradable financial certificates, they instead create a financial 
incentive for producing renewable electricity through lowered barriers 
for trading this energy on wholesale markets. Operators of renewable 
electricity projects, such as wind or solar farms, create LGCs for each 
MWh of energy they produce. These can then be sold or traded to large 
energy consumers to meet either their legislated obligations under the 
federal government’s Renewable Energy Target or voluntary corporate 
ambitions. This increases certainty in revenue sources for clean energy 
producers and represents another route to attract private capital.

The generation and sale of Safeguard Mechanism Credits (SMCs),  
under the federal government’s Safeguard Mechanism scheme, can also 
incentivise decarbonisation by potentially offsetting some of the costs 
of reducing emissions. Industrial facilities covered under the Safeguard 
Mechanism are eligible to receive SMCs for each tonne of carbon reduced 
below their annual legislated targets (or ‘baselines’), which can then be 
traded on markets for financial compensation to entities that have not 
met their targets. A recent report on the Safeguard Mechanism found  
that in 2023–24, 62 of the 219 covered facilities reduced their emissions 
below their annual targets, and were compensated by receiving SMCs 
totalling approximately $300 million (Clean Energy Regulator 2025).  

16	 Legislation restricts the application of both the HPTI and Hydrogen Headstart production credit to the same project by proportionately  
	 reducing the benefits received. 

17	 Much of Australia’s existing industries, for example the steel or aluminium supply chains, produce metals which are ineligible for funding  
	 under the CMPTI.
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SMC trading prices, however, are too low to function in isolation as an 
incentive for decarbonisation or a deterrent for failing to meet emissions 
targets. Current spot prices of around $37/tCO2e (representing the 
expected form of compensation) and current price caps at $75/tCO2e 
(representing the maximum cost companies have to pay to meet their 
Safeguard obligations) are well below the abatement costs for some 'hard 
to abate' industries (e.g. $220/tCO2e for the cement industry [IEA 2021]).

Another factor currently affecting decarbonisation costs is that clean 
energy production is still catching up to the scale required by industries 
(including for process heat), despite the number of public-sector 
support schemes described above. This means industries are currently 
struggling to access clean energy at competitive prices. A slow build-
out of renewable energy and storage projects is resulting in volatile grid 
electricity prices from the ongoing use of costly coal and gas generators 
for firming capacity. These factors are impacting industry’s timeframe 
for electrification and the investment confidence required to catalyse 
domestic hydrogen production. 

To address industry’s high operational costs for producing low-carbon 
products, measures must be introduced that target industry directly, 
such as the federal government’s proposed Green Aluminium Production 
Credit currently under development, in addition to those targeting 
upstream processes in the supply chains, such as energy production.  

Implementing OPEX support schemes drawn from best-practice 
case studies in other markets can help Australia’s industries remain 
competitive while accelerating industrial decarbonisation. In this 
section, Climateworks presents four relevant case studies, covering 
different support mechanisms enacted by entities around the world to 
overcome similar challenges to Australia, and highlights key insights 
that can be used to inform Australia’s domestic policies. These support 
mechanisms include: 

	+ Operating subsidies – subsidising unprofitable components of 
decarbonisation activities 

	+ Dynamic electricity tariffs – variable fees for electricity tied to  
real-time supply and demand factors 

	+ Anti-curtailment measures – strategies to minimise the forced 
reduction or shutdown of renewable energy generation 

	+ Production credits – cash or tax refunds tied to the quantity of 
produced low-carbon goods.

5.3. 
International  
case studies 

The Stimulation of Sustainable Energy Production and Climate Transition 
(SDE++) scheme is a multi-year operating subsidy for climate investments 
currently used in the Netherlands (Netherlands Enterprise Agency, 2023). 
It targets the large-scale implementation of technologies for 1) low-
carbon energy production, with a focus on process heat and 2) emissions 
reductions, with an annual budget ranging between €10–15 billion.  
These subsidies are accessible by industries and not-for-profit 
organisations in the agricultural, electricity and built environment sectors. 

The scheme operates by compensating the difference between the 
calculated cost price of clean energy produced, or the amount of 
emissions reduced, and any revenue generated. This results in an 
increased guarantee for the profitability of these projects. As this 
amount is dependent on revenue based on real-time market prices,  

5.3.1. 

Operational subsidies: 
SDE++ scheme, 
Netherlands

5.3.1.1. 

How it works
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no compensation is awarded if the project revenue outstrips production 
costs. These subsidies are allocated for periods of up to 15 years and 
are accessible during the operational period of the funded project. 
Applications are selected based on a competitive process and are 
weighted by a ‘subsidy intensity’ factor – determined as a function of the 
total monetary amount requested against the total emissions reduction 
potential of the technology or activity involved in the project. 

Eligible projects must adhere to a specific yet comprehensive list of 
technologies and activities, which is reviewed annually. These technologies 
or activities are segregated into three application-focused ‘domains’, 
namely ‘high temperature heat’, ‘low temperature heat’ and ‘molecules’ 
(see Table 7). The bulk of the subsidy budget is equally split into funding 
streams aligned to each of these domains, referred to as a ‘domain 
fencing’ process. Eligible technologies outside these domains, such as 
renewable electricity generation and carbon capture, are funded from 
the remainder of the budget. Each round of funding, awarded annually, 
is divided into phases, which activate sequentially over the course of 
several weeks. The maximum amount that can be awarded is increased 
step by step during subsequent stages, with amounts ranging from  
a maximum of €75/tCO2e in the first phase to a maximum of  
€400/tCO2e in the last phase. 

TABLE 7: Example eligible technologies categorised into SDE++ domains

D O M A I N S

High temperature heat Low temperature heat Molecules

	+ Biomass combustion
	+ Industrial heat pumps
	+ Electric boilers 

	+ Solar thermal energy
	+ Air-to-water heat pumps 
	+ Residual waste heat utilisation 

	+ Biomass fermentation 
(renewable gas)

	+ Green hydrogen 
	+ Advanced renewable fuels 

The SDE++ program has been hailed as an effective tool to stimulate 
whole-of-economy decarbonisation (ABN AMRO 2023; International 
Energy Agency 2022). Projects funded in 2023 alone are forecast to be 
responsible for around 28 TWh of yearly generated capacity by 2038,  
with a diverse mix of clean energy, such as low-carbon heat, bioenergy 
and solar and wind (ABN AMRO 2023). 

Four key elements of the SDE++ program that have led to its success: 

	+ A specific focus on low-carbon industrial heat 

The SDE++ program has a specific focus on the provision of  
low-carbon industrial heat, which is typically overlooked from an 
industrial decarbonisation policy perspective, and guides applicants 
through specific decarbonisation pathways via a comprehensive  
list of eligible technologies and fuels. 

	+ Weighting applications on a ‘subsidy intensity’ 

Weighting applications on a ‘subsidy intensity’ can ensure a 
standardised methodology to ensure maximum value from the 
awarded funding. A subsidy intensity factor is also self-correcting 
in that it reduces the awarded subsidy amounts as operating costs 
decrease (i.e. through cheaper electricity prices) or as the value of 
low-carbon products increases (i.e. through off-takers willing to  
pay a green premium).  

5.3.1.2. 

The benefits
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	+ Using domain fencing 

Using domain fencing ensures that budgets are reserved for  
different heating application. This means technologies of different 
cost-to-emissions-reduction ratios are not competing if they can  
be used to decarbonise different industrial processes. This facilitates 
technologies that are less cost-effective in the short term but  
are necessary for a long-term whole-of-industry decarbonisation, 
and whose costs may fall as they are more widely deployed.  
This would ensure that 'late to abate' industries with currently 
expensive decarbonisation options do not need to compete for 
funding with industries that have access to more readily  
available solutions. 

	+ A phased application system 

Using a phased application system ensures that applications 
involving the most cost-effective technologies for each domain 
are approved first, but also encourages applicants to minimise the 
asked-for amounts in their applications to have the greatest chance 
of receiving funding.  

Implementing targeted public-sector funding mechanisms, like the 
SDE++ scheme, that subsidised operating costs for low-carbon process 
heat (i.e. a supply-side measure) could provide industries with increased 
confidence to invest in the necessary technologies. 

This mechanism could complement other supply-side measures, like 
the forthcoming Green Aluminium Production Credit, by supporting 
the use of low-carbon technologies (e.g. electrified heat boilers) that 
could benefit multiple industrial supply chains. It could also complement 
demand-side measures, like large energy consumers’ legislated 
obligations to purchase LGCs under the Renewable Energy Target,  
by supporting the production costs of the legislated product. 

A comprehensive list of technologies and fuels eligible for such a subsidy 
could be used to further increase investment confidence by signalling 
to industry and private-sector financing bodies what the best-practice 
pathways for decarbonisation look like. These could be aligned to 
nation-wide taxonomic standards similar to those under development 
by the Australian Sustainable Finance Institute (ASFI n.d.). Finally, 
implementing ‘domain fencing’ as used by the SDE++ scheme could 
ensure decarbonisation projects that address mutually exclusive end 
uses (e.g. high-temperature heat and low-temperature heat)  
are not in competition with one another, thus ensuring whole-of-
industry decarbonisation. 

5.3.1.3.  
How it could be applied 
to Australia

Dynamic tariffs are the real-time adjustment of consumer-facing 
electricity prices in response to supply and demand. They have strongly 
influenced energy consumers to modify their energy consumption 
patterns, including their use of heating assets, which in turn can provide 
whole-of-grid benefits as well as cost savings to the consumer  
(IRENA n.d.). 

5.3.2. 

Dynamic electricity 
tariffs: Octopus Energy’s 
Agile tariffs, United 
Kingdom 

5.3.2.1. 

How it works

The Agile tariff scheme is one such mechanism, and is used by Octopus 
Energy, the UK’s largest electricity supplier. It adjusts electricity prices in 
half-hour intervals, based on day-ahead wholesale prices, to incentivise 
shifts in energy consumption for the following day. This affords 
consumers the opportunity to shift their energy consumption to periods 
of low demand or pricing, and conversely, incentivises consumers to avoid 
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using energy during periods of high pricing. In this way, dynamic tariffs 
can be used to better match electricity supply and demand, particularly 
in energy systems with a high degree of variability in hourly electricity 
supply, such as Australia. The Agile tariff is for consumers who can shift 
large amounts of energy consumption, which for the residential and 
commercial sectors is enabled through automated smart metering 
coupled with batteries, solar and electric vehicles. Although the Agile 
tariff is intended for the residential and commercial sectors, industry 
can also benefit substantially from these pricing structures to reduce the 
operational costs of increased electrified industrial heat. 

As a consumer-protection measure, the Agile tariff scheme partially 
insulates consumers from extreme wholesale price events during periods  
of low electricity supply by placing caps on customer-facing prices.  
But it also allows consumers to take advantage of low- or even negative-
price events during periods of high electricity supply through a ‘plunge 
pricing’ component, where they can be paid for using this excess electricity. 

The Agile tariff, after an initial sixth-month trial period, has significantly 
impacted electricity consumption patterns. Consumers shifted their 
electricity consumption out of peak demand periods by 28 per cent, with 
the average consumer reducing their consumption during these peak 
periods by 16 kWh per month. This was found to have a proportionate 
reduction in carbon emissions of 4.5kg CO2e per month due to a reduced 
need for fossil-fuelled generators at night. Most consumers (95 per cent) 
reduced their electricity costs compared to legacy fixed-cost pricing 
structures, with the average consumer saving £188 per year (Octopus 
Energy 2018). 

From these initial results, Octopus Energy found it likely that wider 
uptake of dynamic tariffs could significantly shift overall peak energy 
consumption. This suggests using a demand management approach to 
ensuring energy security represents a cost-effective alternative to the 
costly build-out of transmission and generation infrastructure. 

5.3.2.2. 

The benefits

In Australia, dynamic tariffs can encourage large energy users, like 
industry, to shift consumption to when supply is high. This can reduce 
the burden on the grid during periods when supply is typically low,  
as well as enable industry to electrify cost-effectively. 

Recently, dynamic tariffs in Australia have faced several criticisms over 
their implementation for the residential and small-business sectors. 
Energy regulators, like the AEMC, and transmission systems operators 
have argued that these price structures can improve the efficiency of 
Australia’s electricity system and reduce the need for upgrades to the 
grid. This stance, however, has put them at odds with the Australian 
Energy Council, which represents energy retailers, such as Origin, AGL and 
Alinta, and which has called for a pause on these tariffs (Mercer 2024a). 
Its criticisms revolve around the high complexities and requirements for 
small customers to use these tariffs effectively, and include: 

	+ the difficulties faced by consumers in comprehending and relating a 
dynamic price structure to their usage decisions 

	+ the need for smart metering or storage capabilities to facilitate an 
automated response to price signals.

Unlike smaller consumers, industry could be well placed to circumvent 
these difficulties and have a proportionately higher potential to benefit 
from these dynamic price structures. The associated costs to overcome 
these barriers – for example, through dedicated teams that can 
respond to price signals, or the purchase and installation of enabling 

5.3.2.3. 

How it could be applied 
to Australia
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infrastructure – are likely to be relatively minimal at the scale industries 
operate on. This, combined with their large electricity consumption, 
could result in significantly increased savings at relatively minimal costs. 

Implementing dynamic price structures will likely be needed as industry's 
electricity consumption increases in flexibility – driven by increased 
industrial electrification, increased renewables generation and the 
adoption of storage assets. Price incentives for consumers to avoid 
electricity consumption during peak demand periods can also reduce the 
need for costly fossil-fuelled firming, resulting in both reduced emissions 
and lowered whole-of-network costs, even for those not using dynamic 
tariffs. In this way, dynamic tariffs can complement demand response as 
a strategy for shifting industrial consumption behaviour to better match 
electricity demand and supply.   

Germany’s power grid currently suffers from regular congestion events 
due to a mismatch between where renewable energy is generated 
and where energy is needed, resulting in significant quantities of 
renewable energy being discarded, or ‘curtailed’. Curtailment arises from 
bottlenecks in parts of the grid, limiting how much renewable energy 
can be funnelled through at once. 

5.3.3. 

Anti-curtailment 
compensation: Energy 
Industry Act ‘use instead 
of curtail’ regulation, 
Germany 

5.3.3.1. 

How it works

The large-volume, flexible consumers that have used the 13k scheme’s 
flexible prices have reduced their electricity costs by around 40 per cent, 
compared to wholesale or PPA prices (Aurora Energy Research 2024). 
Participants can also take advantage of further savings as they do 
not need to pay network distribution fees, in recognition of the grid-
stabilisation services they are providing. Initial results from the two-year 
trial have also found that under the 13k scheme, electrolyser operators 
can increase their operating capacity by up to 35 per cent and reduce 
the levelised cost of hydrogen by up to 17 per cent (Aurora Energy 
Research 2024). 

5.3.3.2. 

The benefits

A large component of Australia’s energy market is made up of renewable 
electricity and therefore also undergoes a ‘curtailment’ process. 
Currently, 10 per cent of utility-scale renewables are curtailed annually, 
with AEMO forecasting this share of wasted energy to grow to 20 per cent 
by 2050 (Mercer 2024). In Australia, curtailment can arise from the grid 
‘bottlenecking’ or, in the event of prolonged negative wholesale price 

5.3.3.3. 

How it could be applied 
to Australia

The Section 13k ‘use instead of curtail’ regulation under Germany’s 
Energy Industry Act (EnWG), currently halfway into a two-year trial 
period, is intended to minimise curtailment activities and  increase 
the competitiveness of flexible renewable technologies compared to 
fossil-based alternatives (Appunn 2016). It does so by incentivising the 
additional consumption of electricity during periods of peak renewable 
generation through price signals, in a similar manner to the dynamic 
tariffs described in the previous section. 

Eligible applicants to the 13k scheme, which is limited to large-volume 
flexible consumers such as industries with electrified heat applications or 
operators of hydrogen electrolysers, are allowed to directly pre-purchase 
renewable electricity that would otherwise be curtailed through a 
simplified flat-rate procedure on a day-ahead market at standard spot 
prices. These consumers are then reimbursed for the difference between 
the spot price and a fixed ‘13k price’.
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events, from an overabundance of renewable energy (Purtill 15 February 
2022). Increased curtailment is associated with higher overall electricity 
costs, which are passed on to consumers, as generators have to be 
compensated for their loss in production. Curtailment also decreases 
investor confidence in renewable energy projects, reducing the number  
of projects that are funded (PV Magazine 2024). 

Reducing Australia’s wasted renewable electricity by implementing  
anti-curtailment mechanisms like Germany’s 13k scheme could increase 
the bankability of renewable projects (spurring increased investment in 
new renewable generation assets) and reduce the operating costs  
of flexible electrified industrial assets.   

While made defunct by the current Trump administration, at the time  
of its introduction, the 2022 Inflation Reduction Act (IRA) sought to  
spur investment in clean energy and support the production of low-
carbon manufacturing through one of the single largest investments in 
climate change- and energy-related issues across the world (United States 
Department of Energy 2022; United States House Committee on Ways 
and Means 2025). The Section 45 amendments to the Internal Revenue 
Code under the IRA focused specifically on subsidising low-carbon goods 
manufacturers’ production costs by expanding the scope and monetary 
amounts awarded by production tax credits (Table 8). These production 
credits allowed manufacturers to reduce their tax liabilities based 
on the quantity of low-carbon goods produced, with no limit on the 
period that this compensation could be claimed over – representing a 
long-term subsidy for the ongoing costs of decarbonisation and clean 
manufacturing. Furthermore, Section 45 credits could also be sold on a 
private market (as transferable tax credits), streamlining monetisation 
for credit producers and making clean energy financing more appealing.  

5.3.4. 

Production credits: 
Inflation Reduction 
Act, Section 45, United 
States of America 

5.3.4.1. 

How it works

TABLE 8: Section 45 production credits relevant to heavy manufacturing

Production credit Purpose Credit amount

45Q –  
Carbon Capture and 
Sequestration Tax Credit

Offsets carbon capture costs for 
manufacturing applications

US$85 per tonne of CO2e captured

45V –  
Clean Hydrogen Production  
Tax Credit

Offsets hydrogen production costs, 
scaled by the carbon intensity  
for production

Up to US$3 per kilogram of 
hydrogen

45X –  
Advanced Manufacturing 
Production Credit

Offsets the costs of refining  
critical minerals

10 per cent of production costs

45Y –  
Clean Electricity  
Production Credit

Offsets the cost of renewable 
electricity production through either 
generation or storage assets

US$0.15 per kilowatt hour

45Z –  
Clean Fuel Production Credit

Offsets the production costs of  
low-carbon fuels

US$1 per gallon of fuel
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Section 45 credits were estimated to drive an additional installation of 
146–308 GW of clean electricity projects by 2030, and have been found 
to result in a six-fold increase in carbon capture projects, with over 200 
projects under development in 2024 (Crux Climate 2025; Stolark 2024). 

Several key elements of the IRA’s Section 45 amendments and their 
potential impacts on industrial decarbonisation: 

	+ Credits cover upstream and downstream costs of low-carbon goods 

The provision of Section 45 credits for both upstream production 
costs (e.g. electricity or hydrogen) and manufacturing costs  
(e.g. carbon capture or refining metals) means that operating  
costs are supported vertically throughout entire supply chains.  
This minimises the risk that industrial decarbonisation is held up  
by a single dependency. 

	+ Credits support domestic manufacturing capabilities 

By scaling the claimable production credit quantities by the degree 
to which manufacturing facilities comply with specific wage and 
apprenticeship requirements, Section 45 supports the expansion of 
domestic manufacturing capabilities. 

	+ Credits are technology agnostic 

The technology-agnostic nature of the Section 45 credits, which 
focuses on the application or outcome of the activity rather than the 
technology used, allows for increased flexibility for decarbonisation 
activities as the energy sector evolves over time. This represents 
an alternative methodology to the approach taken by the SDE++ 
scheme, where an exhaustive list of eligible technologies is updated 
annually to ensure that relevant technologies are supported under 
the subsidy scheme.  

Uncertainty around long-term electricity and low-carbon fuel prices,  
like hydrogen, is making it difficult for industry to assess the profitability 
of decarbonisation technologies, hindering both industrial investments 
and private-sector financing. Although public support exists for 
upstream energy projects, industry needs more immediate, direct 
support to manage operational costs for producing low-carbon products. 
Expanding Australia’s portfolio of production credits that can address 
multiple supply-chain components, like those under the IRA’s Section 45 
amendments, could greatly accelerate industrial decarbonisation.  
These credits could increase confidence for both industry and private-
sector financing to boost investment in green manufacturing by 
signalling long-term, quantified, public-sector support. The federal 
government’s proposed Green Aluminium Production Credit could be  
one such example. 

5.3.4.3. 

How it could be applied 
to Australia

5.3.4.2. 

The benefits
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6.	 Recommendations for  
	 industrial decarbonisation

This report identified technologies, fuels and practices that can be 
used for industrial decarbonisation and the barriers that lie in the way. 
In this section, we present discrete recommendations for federal and 
state governments across Australia to hasten industrial decarbonisation 
through a net zero industrial precinct strategy. These recommendations 
are aligned with three guiding principles:  

	+ Consistent, long-term policies instil confidence for industries to 
invest in low-carbon technologies and fuels.

	+ Effective public-sector funding catalyses industrial investments and 
private-sector financing for decarbonisation. 

	+ Demand response programs improve the cost-effective integration 
of renewable electricity. 

To date, our work in Gladstone 
has found that deploying low-
carbon heat and implementing 
demand management practices 
will be key components of a net 
zero industrial precinct approach 
to industrial decarbonisation. 
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Explore how to create a renewable heat target for 
industry to complement existing renewable energy 
targets, providing industries with the clear signal 
needed for investment confidence. 

Federal and state governments across Australia have implemented 
renewable electricity targets that focus on meeting a certain percentage 
share of renewable electricity in networks. These targets will ensure that 
the emissions intensity of the electricity system is reduced. A low-carbon 
source of electricity then enables industrial decarbonisation through 
electrification. Low-temperature heat can be readily decarbonised in this 
way; however, this fails to address temperature ranges or applications 
that cannot be electrified, which, as demonstrated in this report, 
comprise the bulk of heavy manufacturing energy requirements. 
To supplement these targets, Climateworks recommends that 
governments develop a renewable heat target. This could take 
the form of phased emissions-led targets that seek to reduce the 
emissions intensities of assets that provide heat in incrementally higher 
temperature ranges by a certain percentage every year. For example, 
a commitment to achieve a certain renewable heat share for low-
temperature industrial heat by 2030, medium temperature by 2035 and 
high temperature by 2040, with the associated emissions reductions 
aligned to Australia’s goals set out in the Paris Agreement. 
Implementing such a target would provide clarity and set a direction for 
industry to implement into its own long-term plans. These targets could 
also enable energy planning authorities to align their recommendations 
for energy infrastructure investments with industrial decarbonisation 
objectives and support proactive coordination rather than reactive 
project-by-project planning. 

6.1. 
Regulatory 
recommendations

Implement a carbon leakage mechanism at the 
federal level to prevent emissions-intensive imports 
from competing with low-carbon domestic goods 
that bear additional costs, encouraging Australia’s 
industries to invest in decarbonisation technologies. 
Differences in carbon pricing mechanisms across markets can incentivise 
industries to relocate or trade in regions with lower compliance costs 
– known as carbon leakage. This can reduce incentives for existing 
industries in those regions to decarbonise so they remain competitive 
with lower-cost, emissions-intensive goods. To address this leakage, 
Australia is considering a ‘carbon border adjustment mechanism’ 
(CBAM), which imposes a carbon cost on imported goods to level the 
playing field. Preliminary findings under this review have suggested that 
Australia’s heavy manufacturing industries, including the cement or 
lime, chemicals and aluminium supply chains, are most at risk of leakage 
(DCCEEW 2023b). Acceleration of a CBAM implementation would allow 
Australian low-carbon goods to remain cost-competitive with imports,  
in turn increasing industry’s investment confidence in decarbonisation. 

1.

2.
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Explore how to create dynamic pricing structures 
for heavy industry’s electricity consumption to 
encourage the cost-effective use of Australia’s 
renewable energy resources and make electricity 
more affordable. 
Matching large industrial electricity consumption to when supply 
is most available to reduce the burden on the electricity grid is a 
practice increasingly used around the world. This is both to manage 
the integration of renewables into energy networks and to make 
industrial electrification more cost-effective. Flat-rate electricity pricing 
structures, however, are unable to pass on the cost benefits of cheap 
renewable electricity during periods of high supply. 

State governments, working with industrial stakeholders and  
electricity distributors, can craft dynamic pricing structures for industry 
to encourage electricity use at a certain time. This can complement 
demand response practices as a price-incentivised method of reducing 
electricity use at a certain time. As was demonstrated in this report, 
incentivising industry to switch to more flexible forms of operation can 
reduce electricity costs across the whole network and promote increased 
grid stability. 

6.2.
Funding 
recommendations

4. Develop a coordinated approach between  
public-sector fundings bodies that supports upfront 
costs of low-carbon industrial heat, by targeting 
specific technologies and fuel types that address all 
industrial heat temperature ranges  
In this report, we identified that public-sector funding is not targeted 
to low-carbon industrial heat, despite it producing most industrial 
emissions. This has resulted in significant competition between industry 
and other sectors (e.g. energy or transport) for these pools of funding 
to support decarbonisation efforts. The complex and large-scale nature 
of industrial decarbonisation projects often results in these projects 
being passed over in favour of decarbonisation projects from other 
sectors. Industry cannot be expected to take on the significant financial 
risk presented by upfront capital costs of decarbonisation alone, and it 
currently faces difficulties accessing traditional financing sources due  
to the uncertainties around new technologies’ profitability. 

To de-risk private-sector investments for such technologies, public-
sector funding bodies can target funding streams to the decarbonisation 
of industrial heat. We note that ARENA’s recently terminated funding 
pool – Industrial Transformation Stream (Round 1) – partially served this 
purpose by providing funding to bridge the gap between the profitable 
and unprofitable components of process heat decarbonisation projects 

3.
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Consider subsidies for downstream components 
of low-carbon supply chains, including metal 
processing and cement and chemicals production, 
to complement current subsidies for upstream 
components like hydrogen or renewable electricity. 
Uncertainty in long-term electricity and low-carbon fuel prices 
is hindering industry’s ability to determine the profitability of 
implementing decarbonisation technologies, reducing the likelihood 
of private-sector financing. While there are numerous public-sector 
schemes to support new renewable electricity and hydrogen projects as 
upstream components of industrial supply chains, industry will continue 
to struggle to conclusively demonstrate to financiers that low-carbon 
goods can be cost-competitive in the short term. Measures can be 
introduced that directly target industry to address the uncertainties in 
operational costs to produce low-carbon products.  

The federal government can provide this support through production 
credits – for instance, by expanding eligibility for credits through  
Future Made in Australia. Introducing a production credit could level  
the playing field for clean manufacturers by allowing decarbonised 
products to be competitive with lower-cost emissions-intensive goods.  

(ARENA n.d.). Differentiating funding streams between different 
temperature ranges or applications of industrial heat could increase the 
effectiveness of public-sector support. This could be in a similar manner 
to the ‘domain fencing’ used by the Netherlands’ SDE++ scheme to 
ensure that decarbonisation projects addressing mutually exclusive end 
uses (i.e. high-temperature heat versus low-temperature heat) are  
not in competition with one another, therefore ensuring whole-of-
industry decarbonisation. 

We see particular value in focusing this funding on existing 'hard to 
abate' industries that are important to national or state priorities.  
Goods such as cement or certain chemicals can be essential to 
Australia’s continued growth, yet are currently emissions-intensive, 
with limited options for their respective industries to reduce emissions 
and remain competitive. Furthermore, these industries struggle to 
access public-sector financing for the few decarbonisation technologies 
available to them, even under concessional financing terms, due to the 
current unprofitability of these technologies. Targeted funding streams 
like the recently closed Critical Inputs to Clean Energy Industries grant 
program, which supported decarbonisation specifically for the cement, 
lime, alumina and aluminium industries, could help provide this  
much-needed support.  

We also recommend that funding bodies coordinate efforts to address 
different stages of the innovation cycle – for instance, through the ‘Front 
Door’ model currently under development by the federal government 
(Treasury 2024). While organisations like ARENA are suited to support 
earlier stages of product and market development, targeted funding 
from public-sector financing institutions like the CEFC, NAIF and NRF 
in the form of concessional financing for process heat decarbonisation 
projects can support the large-scale deployment of mature technologies. 
A shared definition of what good looks like based on industry-specific 
decarbonisation pathways would aid this coordination. Funding bodies 
would benefit from aligning on eligible technologies or processes that 
can be funded – for instance, those that meet the sustainable economic 
activity criteria as defined by the Australian Sustainable Finance 
Taxonomy – to provide a clear direction and investment confidence for 
industries (ASFI n.d.).

5.
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6.3. 
Demand 
management 
recommendations

6. Expand Australia’s electricity demand response 
capacity by lowering barriers for participation and 
increasing incentives for long-term provision of 
services, to ensure a stable and accelerated path  
to electrification across Australia. 
Energy planners could seek to use Australia’s demand response  
programs to a greater extent, and consider them not just as grid-
stability measures, but as an economic resource to maintain level prices 
in energy markets, as demonstrated in France, Texas and Norway. 
Increased use of demand response programs can, in the short term, 
significantly lower whole-of-network electricity costs and therefore cost 
of living, and in the long term, mitigate generation and transmission 
infrastructure build-out. An increased day-to-day use can be realised 
through increased ambition from energy planners. While Australia’s two 
largest demand response programs – FCAS and RERT – are not currently 
treated as an economic resource, they have the technical capability to 
be used in this manner. 

Treating these programs as an economic resource, however, would 
require expanding demand response capacity within Australia’s energy 
markets, which could be enabled by incentivising participation from 
heavy industry, particularly as it electrifies. One such incentive could  
be using long-term contracts for demand response capacity providers, 
with these participants compensated for retaining their services, and 
not just their activation.

Alternative strategies to encourage participation could also be pursued, 
through both lowered restrictions for participation and lowered penalties 
for non-compliance. Demand response programs in the NEM have high 
standards for participants in terms of qualifying for these programs and 
complying with NEM protocols, with strict penalties for non-compliance. 
Adopting a trial participation period, like Singapore’s ‘regulatory 
sandbox’ scheme, could encourage increased participation by affording 
new demand response providers an adjustment period to overcome 
any implementation challenges. During these periods, compliance 
thresholds and penalty amounts could be reduced or waived. Reduced 
remuneration for services rendered, instead of levying fines, can also 
serve as an effective but not overly harsh deterrent for non-compliance, 
functioning as a compromise between carrot and stick.  

The federal government’s proposed Green Aluminium Production Credit 
is one such example, and has been welcomed by the aluminium industry 
as a critical measure to industrial decarbonisation efforts (Lowrey 2025). 

Production credits, like those under the United States’ IRA Section 45 
amendments, that reduce both upstream and downstream production 
costs can strategically spread public-sector support throughout 
industrial supply chains, preventing any one component from holding  
up decarbonisation efforts. 
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Consider seasonal electricity demand response 
measures to reduce the need for gas-based peaking 
generation for grid reliability during periods when 
renewables are scarce. 
The ISP currently predicts that the energy system will increasingly 
depend on gas-powered generation for grid reliability during winter 
periods, when renewable generation is limited. A business-as-usual, 
round-the-clock approach to industrial operations that relies on an 
increasing use of costly gas-fuelled peaking generators (along with 
costly build-out of new gas infrastructure solely to meet these limited 
low-supply periods) could increase wholesale electricity prices and 
impose increasing costs to the grid. 

Rather than building new gas infrastructure to meet these limited 
electricity demand periods, Australia could consider further use of 
seasonal electricity demand management services that target overnight 
winter loads, as an alternative that can reduce both costs and emissions. 
An example of a winter demand measure could be large-load shaping 
incentives, where new loads are designed to avoid overnight winter 
loads. Incentives could be applied through government support or 
connection agreements with energy providers. Another example is a 
winter reserve trader, where tenders are placed for existing large energy 
users to divert their planned maintenance and shutdown periods to 
winter months. 

7.
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Appendix

This analysis included an assessment of both Gladstone’s ambitions 
for decarbonising industrial heat and participating in industrial 
demand management and flexibility practices, as well as a review of 
international best-practice case studies for both activities. 

The Gladstone industrial heat and demand management project was 
one of several projects that informed Climateworks’ net zero industry 
and resources work and that informed the key findings presented in this 
report. The views expressed herein are those of Climateworks and are  
not necessarily those of the Queensland Government.

This report is based on analysis 
conducted between October  
2024 and May 2025 for a  
‘Net zero industrial heat and 
energy demand management 
for Gladstone’ project, which 
was funded by the Queensland 
Department of State 
Development, Infrastructure  
and Planning. 

Climateworks conducted energy and emissions modelling, focused 
on key existing and emerging industries in the Gladstone region, to 
understand industrial decarbonisation’s implications on energy use.

The primary aims of the modelling were to illustrate the pace and scale 
of Gladstone’s industrial emissions reduction activities and the quantity 
of energy required to enable them, as a function of the decarbonisation 
ambitions of Gladstone’s industries, as well as the assumed quantity  
of industrial products produced each year. 

Climateworks’ modelling draws on the Australian Industry ETI scenario 
modelling where possible (for further technical assumptions, see the 
Pathways to industrial decarbonisation – Technical report [Climateworks 
Centre and Climate-KIC Australia 2023]). These scenarios are supply-
chain specific, and some of Gladstone’s industrial stakeholders  
(e.g. Rio Tinto and Orica) were involved in their development for the 
Australian Industry ETI. The modelling uses a 2022 baseline, as this was 
the last year with complete datasets available. Asset-level data was used 
to define the energy consumption and emissions intensity of operations.

In addition to the inputs from the Australian Industry ETI, Climateworks 
incorporated regionally appropriate inputs from Gladstone’s industries, 
both directly from industrial stakeholders, or indirectly through 
publications that Gladstone’s stakeholders have contributed to,  
such as those from A roadmap for decarbonising Australian alumina 
refining (ARENA 2022).  

We also drew on modelling from the Climateworks Centre 
decarbonisation scenarios 2023 to provide more up-to-date electricity 
grid emissions results than the Australian Industry ETI modelling 
(Climateworks Centre 2023). The modelling uses a 2022 baseline year, 
with asset-level energy and emissions data used to define the baseline. 
Future energy consumption and emissions are modelled at a sector 
level. Generation capacity estimates were made using a post-modelling 
analysis based on electricity consumption. The analysis is intended to 
illustrate the scale of wind and solar that could be required. The analysis 
assumes optimal conditions, including sufficient transmission and 
diversity of renewable energy sources, plus sufficient firming,  
inertia and system strength provisions.

Modelling 
methodology, 
inputs and 
assumptions 
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Our modelling of the bioenergy resources available to Gladstone’s 
industries drew on data sourced from the Australian Renewable Energy 
Mapping Infrastructure Project (AREMI) (ARENA, n.d.). For the biomass 
analysis, we defined ideal feedstocks as those categorised as sawmill 
residues from the AREMI database, within a transport distance of the 
Gladstone LGA as defined by a study conducted by the Australian Bureau 
of Agricultural and Resource Economics and Sciences (Lock and Whittle 
2018). For the biomethane analysis, we defined ideal feedstocks as those 
categorised as agricultural waste from the cotton, sorghum, straw and 
sugarcane industries from the AREMI database, within the entirety  
of Queensland. 

Our modelling of the whole-of-Queensland energy supply and 
consumption in 2040 and the impact of ETES-enabled, flexible heat 
production drew on further Climateworks analysis of forecast demand 
and generation in 2040 from the Queensland SuperGrid Infrastructure 
Blueprint 2022, which itself draws from AEMO’s ‘step change’ scenario 
from the 2022 ISP (Queensland Government 2022a; AEMO 2022). 
Climateworks’ modelled generation profile in 2040 is constructed from a 
mix of utility-scale and rooftop solar, wind and fossil-fuelled generators, 
and applies capacity factors for these forms of generation specific to 
Queensland (Australian Energy Regulator 2022; Heath 2024). 

TABLE 9: Data sources and number of facilities used to define baseline

P R O D U C T N U M B E R  O F  F A C I L I T I E S S O U R C E S  F O R 
B A S E L I N E  F O R  
E A C H  F A C I L I T Y

Alumina 2 A baseline of energy use, 
emissions and production  
has been developed based  
on existing facilities. Data 
sources from 2022 are used  
as much as possible.

	+ scope 1 emissions (reported)
	+ scope 2 emissions 

(calculated with high- 
level assumptions from 
desktop research)

	+ energy consumption 
(Climateworks Centre 
and Climate-KIC, 
industry consultation and 
Climateworks analysis)

	+ current production 
(desktop research, 
industry consultation and 
Climateworks analysis)

Aluminium 1

Cement/clinker/lime 1

Sodium cyanide/
explosives

1
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Seven existing products are modelled: alumina, aluminium, cement, 
clinker, lime, ammonium nitrate explosives and sodium cyanide. 
Assumptions for future industrial activity (i.e. amount of production)  
in these sectors are aligned with the Australian Industry ETI  
‘Coordinated action’ scenario (Figure 14).

FIGURE 14: Assumed production of Gladstone’s existing industries (indexed)
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FIGURE 15: Summary of public-sector funds available to support the upfront costs of the decarbonisation 
technologies for Climateworks’ industrial heat decarbonisation pathway for Gladstone

FUND ALLO CATION

DECARBONISATION 
TECHNOLO GIES

LOW-CARBON FUEL 
PRODUCTION

El
ec

tr
ifi

ed
 h

ea
ti

ng
 a

ss
et

s

Th
er

m
al

 s
to

ra
ge

 a
ss

et
s

C
C

S/
U

Fu
el

-s
w

it
ch

in
g 

up
gr

ad
es

D
em

an
d 

m
an

ag
em

en
t/

fl
ex

ib
ili

ty
 u

pg
ra

de
s

Bi
om

as
s

Bi
om

et
ha

ne

G
re

en
 h

yd
ro

ge
n

Re
ne

w
ab

le
 e

le
ct

ric
it

y

AUSTR ALIAN RENEWABLE ENERGY AGENCY (ARENA)

Powering the Regions, Industrial 
Transformation Stream: Round 2

$2b

Advancing Renewables Program Unknown

National Industrial 
Transformation (NIT) Program

$40m

Advancing Hydrogen Fund $300m

NATIONAL RECONSTRUCTION FUND (NRF)

National Reconstruction Fund: 
Renewables manufacturing and 
low emissions technology

$3b

National Reconstruction Fund: 
Value-adding in resources

$1b

OTHER

Northern Australia  
Infrastructure Facility

$7b

CLE AN ENERGY FINANCE CORPOR ATION (CEFC)

CEFC General Portfolio $9.5b

CEFC Rewiring the Nation $20b

CEFC Clean Energy Innovation Fund $200m

CEFC Powering Australia 
Technology Fund

$500m

QUEENSL AND STATE GOVERNMENT

Queensland Jobs Fund: Industry 
Partnership Program

$416m

Queensland Jobs Fund: Strategic 
Investment Scheme1

$520m

1	 Only applicable to companies that are planning facility expansions resulting in the net creation of 50+ jobs.



78   |

H E A T ,  P O W E R  A N D  F L E X I B I L I T Y  T O  F U T U R E - P R O O F  G L A D S T O N E   |     |

ABN AMRO (2023) ESG Economist – The role and effectiveness of Dutch transition subsidies, ABN AMRO, 
accessed 15 June 2025. https://www.abnamro.com/research/en/our-research/esg-economist-the-role-and-
effectiveness-of-dutch-transition-subsidies 

AEMC (Australian Energy Market Commission) (2025) Review of the Wholesale Demand Response Mechanism, 
Draft report, AEMC, accessed 25 June 2025. https://www.aemc.gov.au/sites/default/files/2025-07/EPR0099%20
-%20Review%20of%20the%20WDRM%20-%20Draft%20report.pdf

AEMO (Australian Energy Market Operator) (2022) 2022 Integrated System Plan (ISP), AEMO, accessed 15 June 
2025. https://www.aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-
integrated-system-plan-isp

—— (2024a) ‘2024 Integrated System Plan for the National Electricity Market’, AEMO, accessed 25 June 2025.  
https://aemo.com.au/-/media/files/major-publications/isp/2024/2024-integrated-system-plan-isp.pdf?la=en

—— (2024b) Reliability and Emergency Reserve Trader (RERT) contracted on Saturday 27 January 2024, AEMO, 
accessed 6 June 2025. https://aemo.com.au/-/media/files/electricity/nem/emergency_management/rert/2024/
rert-contracted-report-for-27-jan-2024-v1.pdf?la=en

—— (2025) ‘Annual frequency data 2024 – Mainland frequency data 2025’, AEMO, accessed 25 August 2025.  
https://aemo.com.au/energy-systems/electricity/national-electricity-market-nem/system-operations/
ancillary-services/frequency-and-time-deviation-monitoring

Ahang, M, Seljom, PMS & Tomasgard, A (2025) ‘Analysis of the impact of demand response on the Norwegian 
energy system’, Energy Syst 16: 743–770 (2025). https://doi.org/10.1007/s12667-023-00619-7

Ainsworth K (10 May 2024) ‘Orica boss warns Future Gas Strategy leaves local manufacturing at risk without 
guaranteed lower prices’, ABC News, accessed 9 June 2025. https://www.abc.net.au/news/2024-05-10/future-
gas-strategy-manufacturing-risks-price-competition-energy/103830000 

ABS (Australian Bureau of Statistics) (2023) Analysing Australian exporter performance, ABS, accessed 5 June 2025. 
https://www.abs.gov.au/statistics/research/analysing-australian-exporter-performance 

Appunn K (16 February 2016) ‘Re-dispatch costs in the German power grid’, Clean Energy Wire, accessed 6 June 2025. 
https://www.cleanenergywire.org/factsheets/re-dispatch-costs-german-power-grid 

ARENA (Australian Renewable Energy Agency) (2022) A Roadmap for Decarbonising Australian Alumina Refining, 
ARENA, accessed 25 August 2025. https://arena.gov.au/knowledge-bank/a-roadmap-for-decarbonising-
australian-alumina-refining/ 

—— (n.d.) Powering the Regions Industrial Transformation Stream, ARENA, accessed 6 June 2025.  
https://arena.gov.au/funding/powering-the-regions-industrial-transformation-stream/

—— (n.d.) Australian Renewable Energy Mapping Infrastructure (AREMI), ARENA, accessed 15 June 2025.  
https://near.csiro.au/assets/25b1104d-06b7-4942-b42c-34ba3b480892 

Aurora Energy Research (2024) The ‘13k Mechanism’ – Price Formation and its Impact on Hydrogen Production, 
Aurora Energy Research, accessed 6 June 2025. https://auroraer.com/wp-content/uploads/2024/09/The-‘13k-
Mechanism–-Price-Formation-and-its-Impact-on-Hydrogen-Production.pdf 

AER (Australian Energy Regulator) (2022) Wholesale Markets Quarterly Q2 2022, AER, accessed 25 August 2025, 
https://www.aer.gov.au/publications/reports/performance/wholesale-markets-quarterly-q2-2022

—— (n.d.) Performance Reports, AER, accessed 6 June 2025. https://www.aer.gov.au/publications/ 
reports/performance 

References

https://www.abnamro.com/research/en/our-research/esg-economist-the-role-and-effectiveness-of-dutch-transition-subsidies
https://www.abnamro.com/research/en/our-research/esg-economist-the-role-and-effectiveness-of-dutch-transition-subsidies
https://www.aemc.gov.au/sites/default/files/2025-07/EPR0099%20-%20Review%20of%20the%20WDRM%20-%20Draft%20report.pdf
https://www.aemc.gov.au/sites/default/files/2025-07/EPR0099%20-%20Review%20of%20the%20WDRM%20-%20Draft%20report.pdf
https://www.aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp
https://www.aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp
https://aemo.com.au/-/media/files/major-publications/isp/2024/2024-integrated-system-plan-isp.pdf?la
https://www.aemo.com.au/-/media/files/electricity/nem/emergency_management/rert/2024/rert-contracted-report-for-27-jan-2024-v1.pdf?la=en
https://www.aemo.com.au/-/media/files/electricity/nem/emergency_management/rert/2024/rert-contracted-report-for-27-jan-2024-v1.pdf?la=en
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/system-operations/ancillary-services/frequency-and-time-deviation-monitoring
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/system-operations/ancillary-services/frequency-and-time-deviation-monitoring
https://doi.org/10.1007/s12667-023-00619-7
https://www.abc.net.au/news/2024-05-10/future-gas-strategy-manufacturing-risks-price-competition-energy/103830000
https://www.abc.net.au/news/2024-05-10/future-gas-strategy-manufacturing-risks-price-competition-energy/103830000
https://www.abs.gov.au/statistics/research/analysing-australian-exporter-performance
https://www.cleanenergywire.org/factsheets/re-dispatch-costs-german-power-grid
https://arena.gov.au/knowledge-bank/a-roadmap-for-decarbonising-australian-alumina-refining/
https://arena.gov.au/knowledge-bank/a-roadmap-for-decarbonising-australian-alumina-refining/
https://arena.gov.au/funding/powering-the-regions-industrial-transformation-stream/
https://near.csiro.au/assets/25b1104d-06b7-4942-b42c-34ba3b480892
https://auroraer.com/wp-content/uploads/2024/09/The-‘13k-Mechanism–-Price-Formation-and-its-Impact-on-Hydrogen-Production.pdf
https://auroraer.com/wp-content/uploads/2024/09/The-‘13k-Mechanism–-Price-Formation-and-its-Impact-on-Hydrogen-Production.pdf
https://www.aer.gov.au/publications/reports/performance/wholesale-markets-quarterly-q2-2022
https://www.aer.gov.au/publications/reports/performance
https://www.aer.gov.au/publications/reports/performance


 |   7 9 

C L I M A T E W O R K S  C E N T R E   | O C T O B E R  2 0 2 5   |

Climateworks Centre and Climate-KIC (2023) Pathways to industrial decarbonisation, Climateworks Centre 
and Climate-KIC, accessed 2 October 2025. https://www.energy-transitions.org/publications/pathways-to-
industrial-decarbonisation/

APGA (Australian Pipelines and Gas Association) (2023) ‘Standards Australia consultation on amendments to 
AS4564’, APGA, accessed 6 June 2025. https://apga.org.au/submissions/standards-australia-consultation-on-
amendments-to-as4564 

ASFI (Australian Sustainable Finance Institute) (n.d.) Australian Sustainable Finance Taxonomy: Version 1 - 2025, 
ASFI, accessed 2 October 2025. https://static1.squarespace.com/static/6182172c8c1fdb1d7425fd0d/t/685c72f27c8
606647a6fec2c/1752447488069/Australian+Sustainable+Finance+Taxonomy+-+Version+1.pdf

Bioenergy Australia (2024) Australia’s Guarantee of Origin Scheme: consultation on scheme design, emissions 
accounting and renewable electricity certification, Bioenergy Australia, accessed 6 June 2025. https://consult.
dcceew.gov.au/aus-guarantee-of-origin-scheme-consultations-on-design/product-expansion-prioritisation-
survey/view/31 

IEA Bioenergy (International Energy Agency) (2025) Carbon neutrality – bioenergy, IEA Bioenergy,  
accessed 6 June 2025. https://www.ieabioenergy.com/iea-publications/faq/woodybiomass/carbon-neutrality/

Briggs C, Roche D and Ibrahim I (2024) Flexible Demand – the Current State of Play in Australia, Institute for 
Sustainable Futures, UTS (University of Technology Sydney).

Brook P (n.d.) Negative prices and revenues in the NEM over the past decade, Australian Energy Council, 
accessed 6 June 2025. https://www.energycouncil.com.au/analysis/negative-prices-and-revenues-in-the-nem-
over-the-past-decade/

Buckley T (2020) IEEFA update: Australia’s aluminium smelters need a technology retrofit to offer demand 
response capacity, IEEFA (Institute for Energy, Economics and Financial Analysis), accessed 12 June 2025.  
https://ieefa.org/resources/ieefa-update-australias-aluminium-smelters-need-technology-retrofit-offer-
demand-response

Butler C (2020) Why Aluminium Smelters Are a Critical Component in Australian Decarbonisation: A Case Study 
of Tomago Aluminium and the Hunter Region, IEEFA (Institute for Energy Economics and Financial Analysis).

Cabot C and Villavicencio M (2024) ‘The demand-side flexibility in liberalised power market: A review of current 
market design and objectives’, Renewable and Sustainable Energy Reviews, 201(114643):114643.

Cement Australia (n.d.) Decarbonisation measures, Cement Australia, accessed 9 June 2025.   
https://www.cementaustralia.com.au/sustainability/decarbonisation/low-carbon-processes 

Central Queensland Regional Organisation of Councils (n.d.) Gladstone region, Central Queensland Regional 
Organisation of Councils, accessed 6 June 2025. https://cqroc.org.au/gladstone-region/

Clean Energy Regulator (2022) Biomethane Method Package 2022 – Simple Method Guide User Guide 
for Biomethane Projects, Clean Energy Regulator, accessed 30 June 2025. https://cer.gov.au/document/
biomethane-method-package-simple-method-guide 

—— (2025) 2023–24 safeguard data insights, Clean Energy Regulator, accessed 6 June 2025.  
https://cer.gov.au/document/2023-24-safeguard-data-insights-0 

Climate Change Authority (2024) ‘Sector Pathways Review: Industry and waste’, Climate Change Authority, 
accessed 23 September 2025. https://www.climatechangeauthority.gov.au/sites/default/files/documents/2024-
09/2024SectorPathwaysReviewIndustryandWaste.pdf.

Climateworks Centre (2023) Climateworks Centre decarbonisation scenarios 2023: Paris Agreement alignment 
for Australia, Climateworks Centre, accessed 25 August 2025. https://www.climateworkscentre.org/resource/
climateworks-centre-decarbonisation-scenarios-2023-australia-can-still-meet-the-paris-agreement/ 

—— (2025) Seizing Gladstone’s low-carbon opportunity: A net zero industrial precinct approach, Climateworks 
Centre, accessed 25 August 2025. https://www.climateworkscentre.org/resource/seizing-gladstones-low-
carbon-opportunity/ 

Cordonnier J and Saygin D (2023) Financing solutions to foster industrial decarbonisation in emerging 
and developing economies, Organisation for Economic Co-Operation and Development (OECD), 
doi:10.1787/24a155ab-en.

https://www.energy-transitions.org/publications/pathways-to-industrial-decarbonisation/
https://www.energy-transitions.org/publications/pathways-to-industrial-decarbonisation/
https://apga.org.au/submissions/standards-australia-consultation-on-amendments-to-as4564
https://apga.org.au/submissions/standards-australia-consultation-on-amendments-to-as4564
https://static1.squarespace.com/static/6182172c8c1fdb1d7425fd0d/t/685c72f27c8606647a6fec2c/1752447488069/Australian+Sustainable+Finance+Taxonomy+-+Version+1.pdf
https://static1.squarespace.com/static/6182172c8c1fdb1d7425fd0d/t/685c72f27c8606647a6fec2c/1752447488069/Australian+Sustainable+Finance+Taxonomy+-+Version+1.pdf
https://consult.dcceew.gov.au/aus-guarantee-of-origin-scheme-consultations-on-design/product-expansion-prioritisation-survey/view/31
https://consult.dcceew.gov.au/aus-guarantee-of-origin-scheme-consultations-on-design/product-expansion-prioritisation-survey/view/31
https://consult.dcceew.gov.au/aus-guarantee-of-origin-scheme-consultations-on-design/product-expansion-prioritisation-survey/view/31
https://www.ieabioenergy.com/iea-publications/faq/woodybiomass/carbon-neutrality/
https://www.energycouncil.com.au/analysis/negative-prices-and-revenues-in-the-nem-over-the-past-decade/
https://www.energycouncil.com.au/analysis/negative-prices-and-revenues-in-the-nem-over-the-past-decade/
https://ieefa.org/resources/ieefa-update-australias-aluminium-smelters-need-technology-retrofit-offer-demand-response
https://ieefa.org/resources/ieefa-update-australias-aluminium-smelters-need-technology-retrofit-offer-demand-response
https://www.cementaustralia.com.au/sustainability/decarbonisation/low-carbon-processes
https://cqroc.org.au/gladstone-region/
https://cer.gov.au/document/biomethane-method-package-simple-method-guide
https://cer.gov.au/document/biomethane-method-package-simple-method-guide
https://cer.gov.au/document/2023-24-safeguard-data-insights-0
https://www.climatechangeauthority.gov.au/sites/default/files/documents/2024-09/2024SectorPathwaysReviewIndustryandWaste.pdf
https://www.climatechangeauthority.gov.au/sites/default/files/documents/2024-09/2024SectorPathwaysReviewIndustryandWaste.pdf
https://www.climateworkscentre.org/resource/climateworks-centre-decarbonisation-scenarios-2023-austr
https://www.climateworkscentre.org/resource/climateworks-centre-decarbonisation-scenarios-2023-austr
https://www.climateworkscentre.org/resource/seizing-gladstones-low-carbon-opportunity/
https://www.climateworkscentre.org/resource/seizing-gladstones-low-carbon-opportunity/


8 0   |

H E A T ,  P O W E R  A N D  F L E X I B I L I T Y  T O  F U T U R E - P R O O F  G L A D S T O N E   |     |

Covestro Press (2024) Covestro to deploy innovative heat battery from Rondo Energy, Covestro, accessed  
11 June 2025. https://www.covestro.com/press/covestro-to-deploy-innovative-heat-battery-from-rondo-energy/

Crux Climate (2025), §48E and §45Y tech-neutral tax credits: Guide + FAQs, Crux Climate, accessed 6 June 2025. 
https://www.cruxclimate.com/insights/tech-neutral-tax-credits 

DCCEEW (Department of Climate Change, Energy, the Environment and Water) (2023a) Quarterly Update of 
Australia’s National Greenhouse Gas Inventory: December 2022, DCCEEW, accessed 1 July 2025.  
https://www.dcceew.gov.au/climate-change/publications/national-greenhouse-gas-inventory-quarterly-
update-december-2022 

—— (2023b) Carbon Leakage Review Consultation Paper, DCCEEW.

Defauw J, De Jaeger J, Martin B and Pestiaux J (2022) Opportunities to get EU industry off natural gas quickly – 
Cost analysis of alternatives to natural gas in food, chemical and glass industries, Climact.

ARENA (Australian Renewable Energy Agency) (n.d.) Demand Response, accessed 6 June 2025,  
accessed 6 June 2025. https://arena.gov.au/renewable-energy/demand-response/

DCCEEW (Department of Climate Change, Energy, the Environment and Water) (2024) ‘Australia’s emissions 
projections 2024’, DCCEEW, accessed 23 September 2025. https://www.dcceew.gov.au/sites/default/files/
documents/australias-emissions-projections-2024.pdf.

Depree NB, Thomas DP and Wong DS (2022) ‘The contribution and economics of demand side response towards 
decarbonizing the aluminium smelting industry’, in Light Metals 2022, The minerals, metals & materials series, 
Springer International Publishing, Cham.

Dolker D and Rowe H (2023) Delivering freight decarbonisation: Strategies for reducing Australia’s transport 
emissions, Climateworks Centre, accessed 18 July 2025. https://www.climateworkscentre.org/resource/
delivering-freight-decarbonisation-strategies-for-reducing-australias-transport-emissions/

Enea and Deloitte for ARENA (Australian Renewable Energy Agency) (2021a) ‘Australia’s Bioenergy Roadmap – 
Appendix’, ARENA.

—— (2021b) ‘Australia’s Bioenergy Roadmap’, ARENA, accessed 11 June 2025.  
https://arena.gov.au/assets/2021/11/australia-bioenergy-roadmap-report.pdf 

Geoscience Australia (n.d.) NationalMap, Geoscience Australia, accessed 6 June 2025.  
https://www.ga.gov.au/scientific-topics/national-location-information/nationalmap

Gladstone Ports Corporation (n.d.) Cargo Statistics Selections, Gladstone Ports Corporation, accessed 6 June 2025. 
https://content3.gpcl.com.au/viewcontent/CargoComparisonsSelection/

Golmohamadi H (2022) ‘Demand-side management in industrial sector: A review of heavy industries’, 
Renewable and Sustainable Energy Reviews, 156(111963):111963.

Graham P, Hayward J and Foster J (2024) ‘GenCost 2023-24: Final report’, CSIRO, doi:10.25919/BVTN-0N42.

Hanley S (2024) Rio Tinto Enters Into Demand Response Agreement With Renewable Energy Suppliers In New 
Zealand, Clean Technica, Clean Technica, accessed 6 June 2025. https://cleantechnica.com/2024/06/07/rio-
tinto-enters-into-demand-response-agreement-with-renewable-energy-suppliers-in-new-zealand/

Heath T (2024) CMES Energy Futures Reports EFR-24.02 – Feasibility Study of the Queensland Energy Plan,  
Centre for Multiscale Energy Systems, the University of Queensland.

Heynes G (2025) MGA Thermal completes ‘world-first industrial steam heat’ energy storage demonstrator in 
Australia, Energy-Storage.News, accessed 11 June 2025. https://www.energy-storage.news/mga-thermal-
completes-world-first-industrial-steam-heat-energy-storage-demonstrator-in-australia/ 

IEA (International Energy Agency) (2021) Is carbon capture too expensive?, IEA, accessed 6 June 2025.  
https://www.iea.org/commentaries/is-carbon-capture-too-expensive 

—— (2023) Carbon Capture Utilisation and Storage, IEA, accessed 6 June 2025.  
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage#how-does-ccus-work 

Ilinova A and Kuznetsova E (2022) ‘CC(U)S initiatives: Prospects and economic efficiency in a circular economy’, 
Energy reports, 8:1295–1301.

https://www.covestro.com/press/covestro-to-deploy-innovative-heat-battery-from-rondo-energy/
https://www.cruxclimate.com/insights/tech-neutral-tax-credits
https://www.dcceew.gov.au/climate-change/publications/national-greenhouse-gas-inventory-quarterly-update-december-2022
https://www.dcceew.gov.au/climate-change/publications/national-greenhouse-gas-inventory-quarterly-update-december-2022
https://arena.gov.au/renewable-energy/demand-response/
https://www.dcceew.gov.au/sites/default/files/documents/australias-emissions-projections-2024.pdf
https://www.dcceew.gov.au/sites/default/files/documents/australias-emissions-projections-2024.pdf
https://www.climateworkscentre.org/resource/delivering-freight-decarbonisation-strategies-for-reduci
https://www.climateworkscentre.org/resource/delivering-freight-decarbonisation-strategies-for-reduci
https://arena.gov.au/assets/2021/11/australia-bioenergy-roadmap-report.pdf
https://www.ga.gov.au/scientific-topics/national-location-information/nationalmap
https://content3.gpcl.com.au/viewcontent/CargoComparisonsSelection/
https://cleantechnica.com/2024/06/07/rio-tinto-enters-into-demand-response-agreement-with-renewable-
https://cleantechnica.com/2024/06/07/rio-tinto-enters-into-demand-response-agreement-with-renewable-
https://www.energy-storage.news/mga-thermal-completes-world-first-industrial-steam-heat-energy-stora
https://www.energy-storage.news/mga-thermal-completes-world-first-industrial-steam-heat-energy-stora
https://www.iea.org/commentaries/is-carbon-capture-too-expensive
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage#how-does-ccus-work


 |   81 

C L I M A T E W O R K S  C E N T R E   | O C T O B E R  2 0 2 5   |

IEEFA (Institute for Energy Economics and Financial Analysis) (n.d.) Carbon capture and storage, IEEFA,  
accessed 6 June 2025. https://ieefa.org/ccs

IEA (International Energy Agency) (2022) SDE++ Subsidy Fund for CCS projects, IEA, accessed 15 June 2025. 
https://www.iea.org/policies/13920-sde-subsidy-fund-for-ccs-projects 

IRENA (International Renewable Energy Agency) (n.d.) Dynamic tariffs, IRENA, accessed 6 June 2025.  
https://www.irena.org/Innovation-landscape-for-smart-electrification/Power-to-heat-and-cooling/14-
Dynamic-tariffs 

Lovegrove K, Alexander D, Bader R, Edwards S, Lord M, Mojiri A, Rutovitz J, Saddler H, Stanley C, Urkalan K and 
Watt M (2019) Renewable Energy Options for Industrial Process Heat, ITP Thermal.

—— (2025) The Australian industrial process heat market towards zero emissions, ITP Thermal. 

Lin J, Li Y, Qian Y and Liu G (2024) ‘Effectiveness of government subsidies for biomass-based industries: 
incorporating the feedstock acquisition process’, Energy Policy, 192, https://doi.org/10.1016/j.enpol.2024.114251. 

LMS Energy (2021) ‘The role of landfill biogas capture, Australia’s largest source of carbon abatement, in a 
changing policy landscape’, LMS Energy, accessed 23 September 2025. https://www.wmrr.asn.au/common/
Uploaded%20files/ALTS/2021/Tiana%20Nairn.pdf

Lock P and Whittle L (2018) ‘Future opportunities for using forest and sawmill residues in Australia’, DAFF 
(Department of Agriculture, Fisheries and Forest) doi:10.25814/5BDFAEE303B64.

Lowrey T (2025) Federal Labor to pledge $2 billion for ‘green aluminium’ in new election pitch, ABC News, 
accessed 6 June 2025. https://www.abc.net.au/news/2025-01-19/labor-pledge-2-billion-for-new-aluminium-
production-credits/104835420 

Jemena (n.d.), Malabar Biomethane Injection Plant, Jemena, accessed 6 June 2025.  
https://www.jemena.com.au/future-energy/future-gas/Malabar-Biomethane-Injection-Plant/

Mercer, D  (8 September 2024) Australia ‘wasting’ record amounts of renewable energy as share of wind and solar 
soars, ABC News, accessed 6 June 2025. https://www.abc.net.au/news/2024-09-08/renewable-energy-wasted-
as-australia-greens/104321770 

—— (1 October 2024) Electricity retailers label complex power prices ‘perverse’ as industry goes to war with itself, 
ABC News, accessed 6 June 2025. https://www.abc.net.au/news/2024-10-01/smart-meters-pricing-changes-
broadside-industry-rift/104395532 

Meridian Energy (2025) Meridian and NZAS agree 50 MW reduction for winter 2025, Meridian Energy, accessed  
6 June 2025. https://www.meridianenergy.co.nz/news-and-events/meridian-and-nzas-agree-50mw-reduction-
for-winter-2025 

MGA Thermal (2023) Market Context Report – MGA Thermal Energy Storage Application in Australia,  
MGA Thermal, accessed 23 September 2025. https://arena.gov.au/assets/2023/02/market-context-report-mga-
thermal-energy-storage-application-in-australia.pdf 

Mian I, Li X, Dacres OD, Wang J, Wei B, Jian Y, Zhong M, Liu J, Ma F and Rahman N (2020) ‘Combustion kinetics 
and mechanism of biomass pellet’, Energy, 205(117909):117909.

Modo Energy (2024) The ERCOT Forecast: How does the supply stack change by 2050?, Modo Energy, accessed 
11 June 2025. https://modoenergy.com/research/ercot-forecast-fuel-mix-supply-stack-generation-2030-2050-
power-prices-battery-energy-storage-solar-wind-coal-retirement

—— (2025) Australia: The 2025 NEM Battery Energy Storage Pipeline Report, Modo Energy, accessed 11 June 2025. 
https://modoenergy.com/research/australia-nem-big-battery-energy-storage-pipeline-report-2025

Mumtahina U, Alahakoon S, Wolfs P and Liu J (2024) ‘Constructing Australian residential electricity load profile 
for supporting future network studies’, Energies, 17(12):2908.

Netherlands Enterprise Agency (2023) Stimulation of sustainable energy production and climate transition 
(SDE++), Netherlands Enterprise Agency, accessed 15 June 2025. https://english.rvo.nl/subsidies-financiering/sde

Octopus Energy (2018) ‘Agile Octopus – A consumer-led shift to a low carbon future’, Octopus Energy, accessed 
23 September 2025. https://octoenergy-production-media.s3.amazonaws.com/documents/agile-report.pdf

https://ieefa.org/ccs
https://www.iea.org/policies/13920-sde-subsidy-fund-for-ccs-projects
https://www.irena.org/Innovation-landscape-for-smart-electrification/Power-to-heat-and-cooling/14-Dynamic-tariffs
https://www.irena.org/Innovation-landscape-for-smart-electrification/Power-to-heat-and-cooling/14-Dynamic-tariffs
https://doi.org/10.1016/j.enpol.2024.114251
https://www.wmrr.asn.au/common/Uploaded%20files/ALTS/2021/Tiana%20Nairn.pdf
https://www.wmrr.asn.au/common/Uploaded%20files/ALTS/2021/Tiana%20Nairn.pdf
https://www.abc.net.au/news/2025-01-19/labor-pledge-2-billion-for-new-aluminium-production-credits/104835420
https://www.abc.net.au/news/2025-01-19/labor-pledge-2-billion-for-new-aluminium-production-credits/104835420
https://www.jemena.com.au/future-energy/future-gas/Malabar-Biomethane-Injection-Plant/
https://www.abc.net.au/news/2024-09-08/renewable-energy-wasted-as-australia-greens/104321770
https://www.abc.net.au/news/2024-09-08/renewable-energy-wasted-as-australia-greens/104321770
https://www.abc.net.au/news/2024-10-01/smart-meters-pricing-changes-broadside-industry-rift/104395532
https://www.abc.net.au/news/2024-10-01/smart-meters-pricing-changes-broadside-industry-rift/104395532
https://www.meridianenergy.co.nz/news-and-events/meridian-and-nzas-agree-50mw-reduction-for-winter-2025
https://www.meridianenergy.co.nz/news-and-events/meridian-and-nzas-agree-50mw-reduction-for-winter-2025
https://arena.gov.au/assets/2023/02/market-context-report-mga-thermal-energy-storage-application-in-australia.pdf
https://arena.gov.au/assets/2023/02/market-context-report-mga-thermal-energy-storage-application-in-australia.pdf
https://modoenergy.com/research/ercot-forecast-fuel-mix-supply-stack-generation-2030-2050-power-prices-battery-energy-storage-solar-wind-coal-retirement
https://modoenergy.com/research/ercot-forecast-fuel-mix-supply-stack-generation-2030-2050-power-prices-battery-energy-storage-solar-wind-coal-retirement
https://modoenergy.com/research/australia-nem-big-battery-energy-storage-pipeline-report-2025
https://english.rvo.nl/subsidies-financiering/sde
https://octoenergy-production-media.s3.amazonaws.com/documents/agile-report.pdf


82   |

H E A T ,  P O W E R  A N D  F L E X I B I L I T Y  T O  F U T U R E - P R O O F  G L A D S T O N E   |     |

Orica (2022) Orica and H2U Group team up on Gladstone green ammonia project, Orica, accessed 6 June 2025. 
https://www.orica.com/news-media/2022/orica-and-h2u-group-team-up-on-gladstone-green-ammonia-project 

—— (2024) Climate action report 2024, Orica, accessed 25 August 2025.  
https://www.orica.com/ArticleDocuments/311/FY2024%20Climate%20Action%20Report.pdf.aspx

PA Consulting (2021) ‘Demand-side policies for industrial decarbonisation’, PA Consulting, accessed  
23 September 2025. https://assets.publishing.service.gov.uk/media/61aded138fa8f50381640464/demand-side-
policies-for-industrial-decarbonisation.pdf

Powerlink (2023) 2023 Transmission Annual Planning Report, Powerlink, accessed 25 August 2025.  
https://www.powerlink.com.au/planning-report/transmission-annual-planning-report-2023.

Purtill J (15 February 2022) ‘What is renewable energy curtailment and how does it affect rooftop solar?’, ABC 
News, accessed 15 June 2025. https://www.abc.net.au/news/science/2022-02-16/solar-how-is-it-affected-by-
renewable-energy-curtailment/100830738

PV Magazine (2024) Weekend read: Time to talk curtailment, PV Magazine, accessed 15 June 2025.  
https://www.pv-magazine-australia.com/2024/06/22/weekend-read-time-to-talk-curtailment/

Queensland Government (2022a) Queensland SuperGrid Infrastructure Blueprint, Queensland Government. 

—— (2022b) Gladstone leads green methanol revolution, Queensland Government, accessed 6 June 2025.  
https://statements.qld.gov.au/statements/96440 

Reserve Bank of Australia (2025) ‘Composition of Australian Economy: Snapshot 13 August 2025’, Reserve Bank 
of Australia, accessed 23 September 2025. https://www.rba.gov.au/snapshots/economy-composition-snapshot/
pdf/economy-composition-snapshot.pdf?v=2025-04-16-11-25-37.

Rio Tinto (2025a) 2025 Climate Action Plan, Rio Tinto.

—— (2025b) Rio Tinto and Edify Energy sign landmark solar and battery agreement for Rio Tinto’s Gladstone 
operations, Rio Tinto, accessed 6 June 2025. https://www.riotinto.com/en/news/releases/2025/rio-tinto-and-
edify-energy-sign-landmark-solar-and-battery-agreement-for-rio-tintos-gladstone-operations 

 —— (2025c) Yarwun Hydrogen Calcination Pilot, Rio Tinto, accessed 6 June 2025. https://www.riotinto.com/en/
sustainability/climate-change/yarwun-hydrogen-calcination-pilot

Rondo Energy (2023) Rondo energy announces world’s highest temperature thermal energy storage, Rondo 
Energy, accessed 11 June 2025. https://www.rondo.com/news-press/rondo-energy-announces-worlds-highest-
temperature-thermal-energy-storage 

RTE (Réseau de Transport d'Électricité) (n.d.) Download data published by the RTE, RTE, accessed 11 June 2025. 
https://www.services-rte.com/en/download-data-published-by-rte.html?category=market&type=demand_
response&subType=volumes

Russell R (2024) ‘MVR Evaporation Project Close Out Report’, Alcoa of Australia Limited, accessed  
23 September 2025. https://arena.gov.au/assets/2024/06/Alcoa-MVR-for-Low-Carbon-Alumina-Refining-Close-
Out-Report.pdf

Rystad Energy (2023) Low-carbon industries key to the renaissance of French energy sovereignty, Rystad Energy, 
accessed 11 June 2025. https://www.rystadenergy.com/news/low-carbon-key-to-french-energy-sovereignty

Stolark J (2024) Two years after IRA: Carbon Capture Coalition executive director reflects on the Coalition’s 
progress and what’s to come, Carbon Capture Coalition, accessed 6 June 2025. https://carboncapturecoalition.
org/two-years-after-ira-carbon-capture-coalition-executive-director-reflects-on-the-coalitions-progress-
and-whats-to-come/

Systemiq (2024) ‘Catalysing the global opportunity for electrothermal energy storage’, Systemiq, accessed  
23 September 2025. https://www.systemiq.earth/wp-content/uploads/2024/02/Global-ETES-Opportunity.pdf

Timberbiz (2023) Altus wood pellets business goes into administration, Timberbiz, accessed 11 June 2025.  
https://www.timberbiz.com.au/altus-wood-pellets-business-goes-into-administration/

Department of the Treasury (2024) Establishing a ‘Front Door’ for major, transformational projects – 
Consultation paper, Department of the Treasury, accessed 15 June 2025. https://treasury.gov.au/sites/default/
files/2024-09/c2024-571335-consultation-paper.pdf

https://www.orica.com/news-media/2022/orica-and-h2u-group-team-up-on-gladstone-green-ammonia-project
https://www.orica.com/ArticleDocuments/311/FY2024%20Climate%20Action%20Report.pdf.aspx
https://assets.publishing.service.gov.uk/media/61aded138fa8f50381640464/demand-side-policies-for-industrial-decarbonisation.pdf
https://assets.publishing.service.gov.uk/media/61aded138fa8f50381640464/demand-side-policies-for-industrial-decarbonisation.pdf
https://www.powerlink.com.au/planning-report/transmission-annual-planning-report-2023
https://www.abc.net.au/news/science/2022-02-16/solar-how-is-it-affected-by-renewable-energy-curtailment/100830738
https://www.abc.net.au/news/science/2022-02-16/solar-how-is-it-affected-by-renewable-energy-curtailment/100830738
https://www.pv-magazine-australia.com/2024/06/22/weekend-read-time-to-talk-curtailment/
https://statements.qld.gov.au/statements/96440
https://www.rba.gov.au/snapshots/economy-composition-snapshot/pdf/economy-composition-snapshot.pdf?v
https://www.rba.gov.au/snapshots/economy-composition-snapshot/pdf/economy-composition-snapshot.pdf?v
https://www.riotinto.com/en/news/releases/2025/rio-tinto-and-edify-energy-sign-landmark-solar-and-battery-agreement-for-rio-tintos-gladstone-operations
https://www.riotinto.com/en/news/releases/2025/rio-tinto-and-edify-energy-sign-landmark-solar-and-battery-agreement-for-rio-tintos-gladstone-operations
https://www.riotinto.com/en/sustainability/climate-change/yarwun-hydrogen-calcination-pilot
https://www.riotinto.com/en/sustainability/climate-change/yarwun-hydrogen-calcination-pilot
https://www.rondo.com/news-press/rondo-energy-announces-worlds-highest-temperature-thermal-energy-storage
https://www.rondo.com/news-press/rondo-energy-announces-worlds-highest-temperature-thermal-energy-storage
https://www.services-rte.com/en/download-data-published-by-rte.html?category=market&type=demand_response&subType=volumes
https://www.services-rte.com/en/download-data-published-by-rte.html?category=market&type=demand_response&subType=volumes
https://arena.gov.au/assets/2024/06/Alcoa-MVR-for-Low-Carbon-Alumina-Refining-Close-Out-Report.pdf
https://arena.gov.au/assets/2024/06/Alcoa-MVR-for-Low-Carbon-Alumina-Refining-Close-Out-Report.pdf
https://www.rystadenergy.com/news/low-carbon-key-to-french-energy-sovereignty
https://carboncapturecoalition.org/two-years-after-ira-carbon-capture-coalition-executive-director-r
https://carboncapturecoalition.org/two-years-after-ira-carbon-capture-coalition-executive-director-r
https://carboncapturecoalition.org/two-years-after-ira-carbon-capture-coalition-executive-director-r
https://www.systemiq.earth/wp-content/uploads/2024/02/Global-ETES-Opportunity.pdf
https://www.timberbiz.com.au/altus-wood-pellets-business-goes-into-administration/
https://treasury.gov.au/sites/default/files/2024-09/c2024-571335-consultation-paper.pdf
https://treasury.gov.au/sites/default/files/2024-09/c2024-571335-consultation-paper.pdf


 |   8 3 

C L I M A T E W O R K S  C E N T R E   | O C T O B E R  2 0 2 5   |

United States Department of Energy (2022) Inflation Reduction Act of 2022, United States Department of 
Energy, accessed 6 June 2025. https://www.energy.gov/lpo/inflation-reduction-act-2022

United States House Committee on Ways and Means (2025) The One, Big, Beautiful Bill, United States 
Government, accessed 6 June 2025. https://waysandmeans.house.gov/wp-content/uploads/2025/05/The-One-
Big-Beautiful-Bill-Section-by-Section.pdf 

VDZ (2021) Decarbonisation Pathways for the Australian Cement and Concrete Sector, VDZ,  
accessed 25 August 2025. https://cement.org.au/wp-content/uploads/2021/10/Decarbonisation_Pathways_
Australian_Cement_and_Concrete_Sector.pdf

Whitlock R (2024) ‘Australian NEM to increase renewables capacity by over 150 GW within next two decades’, 
Renewable Energy Magazine, accessed 6 June 2025. https://www.renewableenergymagazine.com/panorama/
australian-national-electricity-market-nem-to-increase-20241030 

Gemco Energy (n.d.) Wood pellets industry and market in Australia, Gemco Energy, accessed 11 June 2025. 
https://www.pellet-making.com/blog/wood-pellets-australia.html 

Wu Q and Li C (2023) ‘Dynamic pricing and energy management of hydrogen-based integrated energy 
service provider considering integrated demand response with a bi-level approach’, Journal of energy storage, 
59(106558):106558.

https://www.energy.gov/lpo/inflation-reduction-act-2022
https://waysandmeans.house.gov/wp-content/uploads/2025/05/The-One-Big-Beautiful-Bill-Section-by-Section.pdf
https://waysandmeans.house.gov/wp-content/uploads/2025/05/The-One-Big-Beautiful-Bill-Section-by-Section.pdf
https://cement.org.au/wp-content/uploads/2021/10/Decarbonisation_Pathways_Australian_Cement_and_Concrete_Sector.pdf
https://cement.org.au/wp-content/uploads/2021/10/Decarbonisation_Pathways_Australian_Cement_and_Concrete_Sector.pdf
https://www.renewableenergymagazine.com/panorama/australian-national-electricity-market-nem-to-increase-20241030
https://www.renewableenergymagazine.com/panorama/australian-national-electricity-market-nem-to-increase-20241030
https://www.pellet-making.com/blog/wood-pellets-australia.html


8 4   |

H E A T ,  P O W E R  A N D  F L E X I B I L I T Y  T O  F U T U R E - P R O O F  G L A D S T O N E   |     |

For further information  
please contact:

DR CALVIN LEE
Senior Project Manager  
(Industry)
calvin.lee@ 
climateworkscentre.org

HUGH SHEEHAN
Program Impact Manager –  
Net Zero Industrial Precincts
hugh.sheehan@ 
climateworkscentre.org

Climateworks Centre 
Level 8, 750 Collins Street, 
Docklands VIC 3008 
Wurundjeri Country
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