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DISCLAIMER OF WARRANTIES & LIMITATION OF LIABILITIES 

 

This document was prepared by Australian Carbon Innovation (ACI) by drawing upon information 

available in the public domain and through research projects it has funded. It includes details of 

projects under way in Victoria, provided with the permission of the individual researchers. 

While every effort has been made to ensure the veracity and accuracy of the information in this report, 

neither ACI nor any of the contributors to the information in this report make any warranty, express or 

implied, regarding that information.  

ACI made use of multiple sources of information in compiling this report, and some of the information 

in this report relates to work done by third parties. ACI has made every effort to reference sources of 

third party information where possible. Reference to third party information does not necessarily imply 

endorsement or recommendation by ACI. 

Any use of the information in this report is at the user’s risk, and users must make their own efforts to 

ensure that any information is suitable to their particular circumstance, and that such use will not 

infringe on or interfere with privately owned rights, including any party's intellectual property. 

ACI assumes no responsibility for any damages or other liability whatsoever (including any 

consequential damages) resulting from the selection or use of this document or any information, 

apparatus, method, process, or similar item disclosed in this document. 

Copyright © 2019 Australian Carbon Innovation 
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1 Executive Summary 

Inexpensive power generation from lignite, or brown coal, has been the economic mainstay of the 

Latrobe Valley for the past 100 years, and has been crucial to Victoria’s economic development. 

Lignite is Victoria’s largest natural resource, with 33 billion tonnes being economically recoverable. 

However, with the progressive introduction of renewable energy sources and a State target of net 

zero greenhouse gas (GHG) emissions by 2050, the future of this resource is uncertain. 

A complete shut-down of lignite power stations would have a devastating social impact in the 

Gippsland region, and for the Latrobe Valley community in particular. There is a risk that the lignite 

resource could become a stranded asset, causing a significant loss of revenue for the State. In order 

to reduce these risks, it is important to actively investigate new uses for the lignite resource; uses that 

will be sustainable in a low emissions future.  

Australian Carbon Innovation (ACI) is an independent, not-for-profit company with the mission to 

invest proactively in the development of technologies and people to broaden the use of lignite for a 

sustainable future. ACI is confident that there can be a bright future for Victorian lignite even in the 

context of net zero GHG emissions. There are potential technologies that produce little or no CO2 

while adding value to lignite.  Where upgraded products do have a CO2 footprint, Victoria is blessed 

with excellent geological CO2 storage capacity, enough to last for hundreds of years.  

The ability to safely and permanently store captured CO2, in a location close to the lignite reserves, 

provides an unique opportunity to develop new low-emissions industries in the Latrobe Valley to 

provide employment in skilled, highly paid, interesting, hi-tech jobs. 

The key to creating ongoing value from this opportunity is to view lignite as a clean source of mineral 

carbon, not just as a fuel or just as a source of energy. The 33 billion tonnes of recoverable lignite 

represents 6 billion tonnes of low cost clean carbon ready for conversion into high value products. It is 

a unique resource and one that is not exposed to global commodity trading.  Value adding processing 

must be done locally as it is not economic to ship the raw product.  This means that high value jobs 

cannot be exported and will contribute to the economy of the region and state. 

Over the past decade, ACI and its forerunner, Brown Coal Innovation Australia (BCIA), have 

established as a proven track record in management of lignite research on behalf of the Victorian and 

Commonwealth governments. It has leveraged combined government funding of $19M into a $59M 

low emissions lignite research portfolio, involving nearly 50 local and international government, 

industry and research organisations. This research has created a pool of talented expertise, primed to 

take advantage of the new opportunities opening up. There are cutting-edge projects currently under 

way which lay a foundation for future developments. 

ACI is seeking continued investment in lignite research and development by the Victorian and 

Commonwealth governments. This report has been written to highlight some of the advanced carbon 

materials and low emissions technologies that could generate wealth and prosperity for Victoria. 

Sections 2 and 3 provide the context for the report and some background on ACI’s track record. 
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Historically, products such as briquettes and char have been produced from Victorian lignite, but 

these have relatively low commercial value. Recent decades have seen the discovery of much higher 

value carbon products, such as carbon fibres, fullerenes, carbon nanotubes and graphene. These 

materials form the basis for the most advanced emerging technologies of the 21st century, e.g. 

aerospace, energy-efficient automobiles, wind turbine blades, flexible solar panels, energy storage 

(lithium ion batteries, supercapacitors), smart and wearable electronics, medical diagnostics, etc. 

Section 4 highlights some of the opportunities that are being explored for producing such high value 

products from Victorian lignite. 

Section 5 describes the relatively easy gains that can be made in the neglected area of agricultural 

applications for lignite. It is known from practical experience that application of lignite to soil can 

promote plant growth and accelerate the uptake of carbon dioxide (CO2) from the atmosphere. Recent 

research has put science behind these observations, stimulating commercial interest and confidential 

field trial programs. Some of these developments are summarised, including a current project aimed 

at boosting the export potential for humic substances extracted from lignite. 

Section 6 of this report describes some promising research on gasification, an enabling technology 

that offers routes to a range of high value products from lignite. BCIA provided early support to 

develop the Hydrogen Energy Supply Chain (HESC) concept, which has since matured into a 

commercial project to prove the feasibility of converting Victorian lignite into hydrogen, compressing it 

to a liquid, and shipping it to Japan. Both the Victorian and the Commonwealth governments are 

supporting this development as a potential new export industry for Australia. New opportunities for 

gasification, currently at research stage, are also described. 

Sections 7 and 8 describe advances in two enabling technologies that are essential for the low 

emissions utilisation of lignite, i.e. lignite drying and CO2 capture, respectively. Both have been major 

areas of research in Victoria, and both are equally applicable for use in high efficiency power 

generation, in gasification, and in processes to make high value carbon products.  

Section 9 describes CO2 recycling, in which captured CO2 is converted into valuable products. This is 

a topic that is actively being investigated overseas and could profitably be developed in Victoria. The 

possibilities that exist range from the relatively straightforward – as a nutrient for glasshouse 

horticulture – to the exotic – production of vegan protein and biodegradable plastic by bacteria.  The 

utilisation of CO2 prior to geological storage is a key opportunity for the state. 

Section 10 highlights an initiative that is being pursued by ACI and Federation University, involving 

the establishment of a proposed technology incubator hub in the Latrobe Valley, known as the 

Regional Carbon Innovation Centre (RCIC). The RCIC is intended to reduce the cost of pilot and large 

scale demonstration of new carbon technologies, thus helping to overcome the ‘valley of death’ (see 

figure 10.1) on the path to commercialisation. 

Each of the technologies described in this report can also be readily adapted to process renewable 

biomass. Given that timber is a major natural resource in the Gippsland region, ACI sees longer-term 

potential beyond lignite for the technologies it is supporting. Research on lignite can facilitate a 

transition to future use of renewable carbon sources and possibly negative GHG emissions. 
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The opportunities highlighted in this report provide a glimpse of the bright future that is possible for 

low emissions carbon products from Victorian lignite and biomass.Government investment to ‘kick 

start’ these new carbon industry sectors is urgently needed.  
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2 Introduction 

Lignite, or brown coal, is Victoria’s largest natural resource, with 33 billion tonnes being economically 

recoverable from a reserve in excess of 430 billion tonnes. Over the past 100 years, cheap electricity 

generated using lignite has supported a strong manufacturing industry in Victoria and contributed 

significantly to the economy of the state. Times have changed, and the unmitigated carbon dioxide 

(CO2) emissions associated with Victoria’s power stations are now regarded as a liability. 

This situation represents a serious dilemma for the state. On the one hand, ‘business as usual’ is not 

an option in the face of the rising challenge of global warming. On the other hand, a complete shut-

down of lignite power stations would have a devastating social impact in the Gippsland region, and for 

the Latrobe Valley community in particular. 

Recognising this challenge, in 2009 the Victorian government established Brown Coal Innovation 

Limited (BCIA) as an independent, not-for-profit company with the mission to invest proactively in the 

development of technologies and people to broaden the use of lignite for a sustainable future. BCIA 

has successfully fulfilled this remit through strategic investment of funds provided by the Victorian and 

Commonwealth governments.  

BCIA has been one of the largest funders of CO2 capture research in Australia, with a focus on 

adaptation of commercial technologies specifically for the capture of emissions from Victorian lignite. 

This is a key underpinning technology for reducing industrial greenhouse gas (GHG) emissions, 

consistent with the Climate Change Act 2017 target of net zero greenhouse gas emissions by 2050.1 

These technologies are equally applicable to capturing GHG from power stations, to gasifiers, or to 

processes making high value carbon products. 

It is not yet a widely known fact, but Victoria is blessed with excellent geological CO2 storage capacity, 

enough to last for hundreds of years. This resource has been proven by the CarbonNet Project.2 The 

ability to safely and permanently store captured CO2, in a location close to the lignite reserves, 

provides a unique opportunity for sustainable long-term use of a potentially stranded resource. 

This opportunity underpins the Victorian Government’s ‘Statement on the Future Uses of Brown 

Coal’3, which acknowledges the future opportunities for the resource: 

“…there is strong investor interest in using our valuable coal resources to make alternative high value, 

low emission products for domestic and international markets. These projects could provide new 

economic development and trade opportunities, bringing high skilled jobs and investment to the 

Latrobe Valley and Gippsland.” 

 

                                                           
1 https://www.climatechange.vic.gov.au/reducing-emissions/emissions-targets 
2 https://earthresources.vic.gov.au/projects/carbonnet-project 
3 http://earthresources.vic.gov.au/earth-resources/victorias-earth-resources/coal/statementon- 
future-uses-of-brown-coal  
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BCIA also supported research into novel power generation systems, more efficient and 

environmentally-friendly than the existing power stations. One of these technologies, gasification, has 

been a major area of research interest. BCIA provided early support to develop the Hydrogen Energy 

Supply Chain (HESC) concept and provided advice to the Victorian and Commonwealth governments 

on the merit of such . This has since matured into the HESC Project, which is currently working to 

prove the feasibility of converting Victorian lignite into hydrogen, compressing it to a liquid, and 

shipping it to Japan to fuel its coming “hydrogen society”. Both the Victorian and the Commonwealth 

governments are supporting this development as a potential new export industry for Australia. 

BCIA also actively promoted research in the neglected area of agricultural applications for lignite. It is 

known from practical experience that application of lignite to soil can promote plant growth and 

accelerate the uptake of CO2 from the atmosphere. BCIA has supported research to put science 

behind these observations, to underpin a viable manufacturing industry in this sector. BCIA has 

helped to stimulate commercial interest in the research findings, and confidential field trial programs 

are currently under way. 

Discoveries in the second half of the 20th century of completely new forms of carbon – carbon fibres, 

fullerenes, carbon nanotubes and graphene – have created exciting new opportunities for Victorian 

lignite. These new carbon materials are being developed for use in the most advanced emerging 

technologies of the 21st century, e.g. aerospace, energy-efficient automobiles, wind turbine blades, 

flexible solar panels, energy storage (lithium ion batteries, supercapacitors), smart and wearable 

electronics, medical diagnostics, etc. Victoria’s Latrobe Valley, with its abundant carbon resources 

and skilled workforce, is well placed to take advantage of these new developments, to create the new 

industries and jobs needed for continued economic prosperity. 

These developments suggest that the key to retaining the value of Victoria’s lignite resource in a low 

emissions future is to view it as a clean source of carbon, rather than just as a source of energy. 

Victoria’s 33 billion tonnes of recoverable lignite, containing very low levels of mineral impurities4, 

represents 6 billion tonnes of low cost clean carbon ready for conversion into high value products. 

To reflect a shift toward pursuing these opportunities, BCIA changed its trading name to Australian 

Carbon Innovation (ACI) in April 2019. ACI is confident that there can be a bright future for Victorian 

lignite in a low emissions society. It plans to continue supporting research into the transformational 

new technologies and high value carbon materials that will underpin the advanced low-emissions 

technologies of the 21st century. This, in turn, will help to create ongoing employment and prosperity 

in the Latrobe Valley and generate revenue for the state. 

ACI is also aware that technologies developed to upgrade lignite can also be readily adapted to 

process biomass. A shift to a zero emissions future may well involve a transition toward increasing 

use of biomass as a carbon resource. Given that timber is a major natural resource in the Gippsland 

region, ACI sees longer-term potential beyond lignite for the technologies it is supporting. Through 

                                                           
4 https://earthresources.vic.gov.au/geology-exploration/coal 
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this research, ACI is making possible a transition to future use of renewable carbon sources and 

possibly negative GHG emissions. 

This report has been written to highlight some of the advanced carbon materials and low emissions 

technologies that have been identified by ACI as warranting further investigation. It also incorporates 

current projects that will accelerate commercial development of new technologies. Before doing so, 

Section 3 provides a brief summary of the activities of ACI and its precursor, BCIA, over the past 

decade.   

The examples showcased in the remainder of the report have arisen through research projects 

funded by BCIA/ACI, or were identified in the following reports commissioned for ACI’s members. 

 ‘Applications for brown coal in Australian agriculture’ (2016) 

 ‘Positioning brown coal for a low-emissions future 2009-2015’ (2017) 

 ‘Lignite drying status report’ (2018) 

 ‘Opportunities for carbon dioxide recycle in Victoria’ (2018) 

 ‘Next generation carbon products in Victoria’ (2019) 

This report includes examples of products including high value carbon fibres, graphene-based 

materials, activated carbon monoliths and blast furnace coke (Section 4), humic substances extracted 

from lignite for agriculture (Section 5), and products from gasification of lignite (Section 6).  

Some prospective new technologies that enable the low emissions utilisation of lignite are also 

highlighted. New lignite drying processes are described (Section 7), and an overview is provided of 

some recent developments in CO2 capture technologies in Victoria (Section 8). Both of these 

technologies are equally applicable for use in high efficiency power generation, in gasification, and in 

processes to make high value carbon products. 

A new area that is actively being investigated overseas is the recycle of captured CO2 into valuable 

products (Section 9). This is a way to extract economic benefit from captured CO2 by converting it to 

low emissions carbon products. The possibilities that could be developed in Victoria range from the 

relatively straightforward – as a nutrient for glasshouse horticulture – to the exotic – production of 

vegan protein and biodegradable plastic by bacteria. 

The Regional Carbon Innovation Centre (RCIC) (Section 10) is proposed as a technology incubator 

hub for the Latrobe Valley. This initiative is being pursued by ACI and Federation University, as a 

strategy to reduce the cost of pilot and large scale demonstration of new carbon technologies, thus 

helping to overcome the ‘valley of death’ on the path to commercialisation. 

The opportunities highlighted in this report provide a glimpse of the bright future that is possible for 

low emissions carbon products from Victorian lignite. What is urgently needed now is the vision and 

the willingness to capitalise on these opportunities, and financial support for commercially-focussed 

research and development. The initial investment to ‘kick start’ these new carbon industry sectors 

must come from government, particularly in the research and smaller scale demonstration phases. 

Past experience has shown that industry will invest when the government demonstrates its 

confidence in the sector. 
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3 A Decade of Lignite Research and Training 

In late 2009 the Victorian Government established Brown Coal Innovation Australia (BCIA) as an 

independent, not-for-profit company with the mission to invest proactively in the development of 

technologies and people to broaden the use of lignite for a sustainable future.  

BCIA was established in what now feels like another age. The Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change, released in 2007, had reported that the atmospheric 

concentration of CO2, 379 ppm, exceeded by far the natural range over the past 650,000 years. The 

European Union had introduced market-based price on CO2 emissions, and the USA and Australia 

were set to follow. In Victoria, both industry and government anticipated a future in which the cost of 

CO2 emissions would become increasingly more expensive, requiring active development of 

mitigation technologies. 

In this environment, BCIA was responsible for leveraging government investments into lignite 

research into a portfolio of activities that would support a least-cost transition to a low emissions 

future. The strategic objectives of BCIA were as follows. 

 Build and enhance Victoria’s research capability to ensure the State is ready and able to 

accelerate the deployment of technologies appropriate to the unique characteristics of 

Victoria’s lignite and suitable for deployment in an emissions constrained future. 

 Work closely with industry and researchers on technologies that industry sees as critical in 

the medium- to long-term. 

 Facilitate the development of the next generation skills base to support industry and the 

continued development of major lignite projects in Victoria. 

 Coordinate and invest in fundamental and applied public and private sector R&D projects that 

contribute to successful exploitation of Victoria’s lignite into the future. 

 Foster linkages and collaboration between all stakeholders – locally, nationally and 

internationally. 

In November 2010, BCIA entered into a relationship agreement with Australian National Low 

Emissions Coal Research and Development (ANLEC R&D), a research funding initiative supported 

equally by the Australian government and the black coal industry through COAL21. In effect, BCIA 

became the lignite node of ANLEC R&D, providing access to a greater pool of funds for lignite 

research. 

Over the intervening period, the Victorian government and ANLEC R&D have provided combined 

funding of $19M for low emissions lignite research, which has been leveraged with industry, university 

and CSIRO funding into a research portfolio worth $59M. Nearly 50 local and international 

government, industry and research organisations are represented in this portfolio. The proportion of 

funding from State, Commonwealth and Industry is shown in Figure 3.1. In this regard, 

‘Commonwealth’ includes all funding from ANLEC R&D, universities, CSIRO and CO2CRC. 
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Figure 3.1: Sources of funding for lignite research 

 

These resources have been allocated across three core areas: 

1. Technology research and development 

A diversified R&D portfolio aimed at adapting leading clean coal technologies to increase the use and 

value of lignite in Australia, both for power generation and the creation of new products and export 

opportunities. 

2. Skills development 

Establishment of research leader fellowships and PhD scholarship programs to enhance the future 

knowledge base and technical skills capability in the lignite sector. 

3. Networks and linkages 

Creation of a membership base and securing links between the Victorian, Australian and international 

energy sectors, and facilitating the exchange of knowledge between industry, government and 

research communities.  

Figure 3.2 shows the proportion of funding allocated to each of these activities. 
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Figure 3.2: Composition of lignite research portfolio 

 

The technology research and development aspect of the portfolio comprises projects in three main 

topics: (i) Value-added products, (ii) CO2 capture and (iii) Low emissions power. The proportion of 

total funding allocated to each of these topics is shown in Figure 3.3. In recent years, funding has 

been directed predominantly towards value-added products. 

 

Figure 3.3: Allocation of funding to research project topics. 
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Details about the individual projects making up the technology R&D portfolio are available online in 

the report, ‘Positioning brown coal for a low-emissions future 2009-2015’.5 The research topics 

currently being funded are carbon fibres (Section 4.2), enhanced humic extraction (Section 5.2.3), 

COMB dryer technology (Section 7.2), and utilisation of captured CO2 in glasshouse horticulture 

(Section 9.2). 

For almost the entire period of its operation, BCIA has been ably guided by its Chairman, Mr Gerry 

Morvell, and the chair of its Research Advisory Committee, Dr John Burgess. Together with their other 

Board members, they established BCIA as a repository of lignite expertise in Victoria, as a trusted 

advisor to government, and as a transparent facilitator of collaborative research projects. BCIA has 

never taken an intellectual property position in any of the projects it has funded, but has functioned as 

an honest broker to develop a research portfolio to meet the funding requirements of the Victorian 

government and ANLEC R&D. 

Dr Burgess championed a strategic approach to research portfolio development, using a ‘real options’ 

approach to selecting projects based on time to maturation, risk profile and likely reward. A key to the 

success of this approach is to be willing to terminate projects that do not perform as expected. This 

was done on several occasions, allowing funding to be redirected to more prospective projects. 

The research funded by BCIA under this leadership has generated more than 650 publications and 

presentations. It has contributed to nearly 40 PhD student projects and two senior research leader 

fellowships. It has built strong international collaborations with Japan, USA, China and Europe, and 

established a database of over 1200 individuals representing more than 500 organisations worldwide.  

Over this period, BCIA benefited from the support of its member organisations, and in return provided 

assistance as required to help them derive benefit from Victoria’s lignite resource. The membership of 

the following organisations is gratefully acknowledged. 

 State Government of Victoria 

 Australian National Low Emissions Coal Research and Development 

 Japan Coal Energy Centre 

 Lignite Energy Council (North Dakota) 

 CSIRO  

 Monash University 

 Federation University Australia 

 Energy Australia 

 HRL 

 Environmental Clean Technologies 

 Ignite Energy Resources 

 Mantle Mining Corporation 

 Steele Australia 

 Exergen 

                                                           
5 https://www.acinnovation.com.au/aci-reports 
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 Greenpower Energy 

 Coal Energy Australia (now Cleantech Energy Australia) 

While BCIA was engaged in delivering on its remit, a series of events occurred which heralded a 

seismic shift in its operating space. 

 There was the dramatic shift away from a pricing mechanism for CO2 emissions, allowing 

industry to assume a ‘business as usual’ attitude.  

 There was an unexpectedly swift reduction in the cost of renewable wind and solar energy 

sources.  

 The fire at the Hazelwood mine hardened public attitudes toward “dirty brown coal”, and the 

subsequent closure of the power station created anxiety in the Latrobe Valley community 

about the future. 

 The unexpectedly rapid rise in atmospheric CO2 concentration (now at 414.7 ppm), 

accompanied by an increasingly polarised and toxic debate about its implications for global 

warming and the likely role of fossil fuels. 

In response to these changes, in April 2019 BCIA adopted the new trading name of Australian Carbon 

Innovation (ACI), formalising a shift of emphasis in its research activities. ACI considers it essential 

that strategic research be conducted to create high value carbon products from Victorian lignite, to 

avoid this huge natural resource becoming a stranded asset. ACI believes that this can be 

accomplished within the framework set by the Victorian government’s ‘Statement on future uses of 

brown coal ‘,6 and its target of net zero greenhouse gas emissions by 2050.7 

ACI is confident that there is a bright future for Victorian lignite in a low emissions future. It plans to 

continue in its role of supporting the development of transformational new technologies that can 

create economic opportunities for Victoria’s massive carbon resource. The research it supports will 

underpin the development of new industries in the Latrobe Valley, helping to create the employment 

and prosperity that will be needed as the local power stations reach the end of their working life.  

  

                                                           
6 https://earthresources.vic.gov.au/geology-exploration/coal/statement-on-future-uses-of-brown-coal 
7 https://www.climatechange.vic.gov.au/reducing-emissions/emissions-targets 
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4 Advanced Carbon Products from Lignite 

4.1 INTRODUCTION 

Carbon is an extremely versatile element that is the basis for all of life on Earth. It has application 

across the range of human endeavour and all areas of the economic and social wellbeing of people 

and the planet. For much of human history, only four main types of carbon were known: diamond, 

graphite, carbon black (as soot) and charcoal. It is only since the second half of the 20th century that 

completely new forms of carbon were discovered – carbon fibres, fullerenes, carbon nanotubes and 

graphene – that are now used in the most advanced emerging technologies of the 21st century, e.g. 

aerospace, energy-efficient automobiles, wind turbine blades, flexible solar panels, energy storage 

(lithium ion batteries, supercapacitors), smart and wearable electronics, medical diagnostics, etc.  

Around the world, the race is on to capitalise on these new developments and to leverage available 

natural resources into competitive manufacturing industries. Victoria’s Latrobe Valley, with its 

abundant carbon resources and skilled workforce, is well placed to take advantage of these new 

developments, to create the new industries and jobs needed for continued economic prosperity. 

ACI has recently prepared a report, ‘Next generation carbon products in Victoria’, to inform its 

members of the opportunities that exist to transform lignite and biomass lignin into high value carbon 

products. It covers topics including briquettes, recovery of purified lignin, metallurgical reductants, 

activated carbons, humic substances, carbon fibres and graphene-based products. 

Following in this section are summaries of recent developments with three of these opportunities: 

carbon fibres, graphene-based products, activated carbon monoliths and blast furnace coke. The 

topic of humic substances is discussed in Section 5 of this report. 

 

4.2 CARBON FIBRES (current project supported by ACI) 

Carbon fibres contain at least 92 wt% carbon and have diameters of about 5–10 micrometres. Within 

each fibre, the carbon atoms are bonded together in crystals that are more or less aligned parallel to 

the long axis. This results in outstanding specific strength and modulus, almost four times that of 

steel, making it one of the strongest materials on the planet today.  

Carbon fibres are now being used commercially in structural, light-weight composites for a wide range 

of industries such as aerospace, automotive, bicycles, oil and gas, clean energy and sporting goods, 

where they are replacing traditional materials such as steel and aluminium. Figure 4.1 below shows a 

micrograph of a carbon fibre, a cloth woven from carbon fibres, and a golf club fabricated from carbon 

fibre composite.  
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Figure 4.1: Micrograph of individual carbon fibre8; woven carbon fibre cloth; carbon fibre composite car wheel 

made in Geelong9 

 

The potential for greater market penetration of carbon fibre is currently limited by cost. Almost all 

carbon fibre is made from polyacrylonitrile (PAN), which gives superior mechanical properties. 

However, PAN is an expensive petroleum-based polymer contributing to more than 50% of carbon 

fibre price. Worldwide, there is great interest in reducing the amount of PAN used in carbon fibres by 

substituting with less expensive precursor materials. 

ACI is currently funding a collaborative project between Monash and Deakin universities, to 

investigate the production of a low cost carbon fibre precursor from Victorian lignite. The 12 month 

exploratory project brings together two unique Victorian research capabilities. The team at the School 

of Chemistry at Monash University, led by Professor Alan Chaffee, has expertise in chemical 

transformation and fractionation of Victorian lignite. The team at Carbon Nexus at Deakin University, 

led by Associate Professor Minoo Naebe, has expertise in production and characterisation of carbon 

fibres and their composites.  

This first-of-its-kind project is aimed at proof-of-concept, laboratory-scale preparation of carbon fibres 

from Victorian lignite with characteristics appropriate to specific applications. The team at Monash 

University are preparing a range of materials from Victorian lignite by different techniques, while the 

Deakin University team at Carbon Nexus are looking at transforming these precursor materials into 

raw fibres and subsequent conversion into carbon fibre. 

Early results from this project are promising. Two out of the four lignite extracts tested so far were 

able to substitute for more than 50% of the PAN polymer. Small pilot-scale samples of wet-spun fibre 

have been produced using two of the lignite extracts (Figure 4.2). Experiments are under way to 

investigate conversion of the wet-spun fibres to carbon fibres, and characterisation of the resulting 

properties. 

                                                           
8 https://web-japan.org/trends/11_sci-tech/sci120329_2.html 

9 https://www.carbonrev.com 
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Figure 4.2: Precursor fibre containing 10% lignite extract 

This project is positioned to take advantage of the potential synergies between the low cost lignite 

resource in the Latrobe Valley and Carbon Nexus, located at Deakin University’s Geelong Waurn 

Ponds Campus. Carbon Nexus is a globally unique carbon fibre and composite materials research 

facility, which houses an industrial pilot and research scale carbon fibre processing line, a precursor 

fibre spinning line and composite manufacturing capabilities. Both a research scale line and a pilot 

line capable of producing between 20 and 100 tonnes of fibre per year (Figure 4.3) are capable of 

converting a range of precursors to carbon fibre. 

                                                   

Figure 4.3: Pilot and research carbon fibre lines at Carbon Nexus 
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The Carbon Nexus research facility is located at the heart of a growing carbon fibre and composites 

manufacturing precinct. Local companies include Carbon Revolution, which manufactures carbon 

fibre wheels for the global automotive industry, and Quickstep, which manufactures carbon fibre 

composite materials for the aerospace/defence industries. Carbon Nexus is thus ideally placed to 

engage with the full spectrum of manufacturing industries, from aerospace and automotive to 

defence, medical and beyond. These linkages will assist in identification of suitable market 

opportunities for carbon fibres produced from Victorian lignite, and develop strategies for industry 

engagement to facilitate further research development. 

 

4.3 GRAPHENE-BASED PRODUCTS 

Graphene is a two-dimensional monolayer sheet of carbon arranged in a honeycomb network. This 

unique crystal structure confers a range of valuable properties. Graphene is chemically inert and 

stable, and conducts heat and electricity better than any metal. In proportion to its thickness, 

graphene is about 100 times stronger than the strongest steel. Graphene is nearly transparent and 

yet has the ability to sustain extremely high densities of electric current (a million times higher than 

copper), offering the potential for use in transparent electronic devices. Due to its unique spectrum of 

valuable properties, graphene is expected to have a major impact in advanced 21st century 

technologies. 

          

Figure 4.4: Graphene molecular structure and transmission electron microscopy image 10 

 

The large-scale industrial use of graphene will require cost-effective production methods. Graphene 

does not occur naturally, and is most commonly synthesised from the carbon mineral, graphite. A 

solution-based process, known as Hummers’ method, is used to chemically modify graphite to 

produce a water dispersible intermediary, graphite oxide. Graphene can be produced from graphene 

oxide by thermal annealing or chemical reduction. 

Graphene oxide has the same structure as graphene, with the addition of oxygen-containing 

functional groups that provide reactive sites for chemical modification. Graphene oxide can be easily 

                                                           
10 https://www.nature.com/articles/d41586-018-06103-y 
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dispersed in water and is easy to process. It can be deposited on any substrate and then converted 

into a graphene.  

This makes graphene oxide suitable for the use in the production of transparent conductive films, 

flexible electronics, solar cells and chemical sensors. Graphene oxide has a high surface area and 

can be suitable for the use as electrode material for batteries and capacitors. It can easily be mixed 

with different polymers and other materials to enhance their properties like tensile strength, elasticity 

and conductivity of composite materials. The range of high value applications for graphene oxide is 

illustrated in Figure 4.5. 

 

 

        

Figure 4.5: Potential applications for graphene oxide11 

 

The limiting factor for the widespread use of graphene oxide is the high cost of manufacture. 

Production of graphene oxide by Hummer’s method involves the use of strong acids, and chemical 

reduction to graphene involves potentially explosive reagents. Worldwide, intense research efforts are 

being made to identify more cost-effective synthesis methods. 

Recently, researchers at the Henan Polytechnic Institute in China demonstrated that humic acid from 

lignite can be converted to graphene oxide by hydrothermal reaction in water at 190oC for 10h. The 

                                                           
11 http://www.daejoo.co.kr/sub2/sub09.asp?ch=9 
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resultant homogeneous mixture was sonicated and centrifuged to obtain a brown solution of graphene 

oxide (GO). Reduced GO (r-GO), i.e. graphene, was produced by thermal reduction of GO at 900oC 

for 40 s under N2 atmosphere (Figure 4.6). 

Thermal reduction of GO produced thin and transparent films, with similar morphology, crystalline 

structure and composition to r-GO prepared from graphite by Hummer’s method. The r-GO delivered 

considerable area capacitance, high rate capability and good electrical conductivity.  

 

                  

Figure 4.6: (a) A photograph of humic acid (HA) and as-prepared Graphene Oxide (GO) solution; (b) Scanning 

electron microscopy (SEM) image of HA; (c) SEM of GO; (d) Atomic Force Microscopy (AFM) of r-GO12 

 

There are compelling reasons to suggest that humic acid may represent a low cost intermediate for 

production of new graphene-based products. The fact that humic acid can be readily extracted from 

Victorian lignite using a relatively mild alkali process suggests that humic acid has potential as a low 

cost- bulk intermediate for large scale fabrication of graphene-based devices.  

In Victoria, a member company of ACI, Cleantech Energy Australia Pty Ltd has partnered with 

Swinburne University to explore this possibility. They have formed a joint venture company, 

GrapheneX, to develop processes for low-cost production of graphene oxide and for fabrication of 

advanced materials and processes based on graphene. This collaboration draws upon the skills of Dr 

Nishar Hameed, who has expertise in graphene nanocomposites and functional materials, and 

                                                           
12 Huang, G., Kang, W., Geng, Q., Xing, B., Liu, Q., Jia, J., & Zhang, C. (2018). One-step green hydrothermal 
synthesis of few-layer graphene oxide from humic acid. Nanomaterials, 8(4), 215. 
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Professor Baohua Jia, who has expertise in fabrication of graphene oxide supercapacitors, graphene 

metamaterials, 3D graphene networks and advanced solar cells. 

Given the potential significance of graphene oxide in the advanced consumer products and 

electronics of the 21st century, ACI would like to support a program of research to develop the 

potential of Victorian lignite as a low cost carbon source for production of graphene oxide and high 

value graphene-based products. 

 

4.4 ACTIVATED CARBON MONOLITHS 

Activated carbon is a form of carbon that has been processed to be microporous, with a high surface 

area available for physical or chemical adsorption. It is produced from carbonaceous source materials 

such as bamboo, coconut husk, willow peat, wood, coir, lignite, coal, and petroleum pitch. 

 Activated carbon has a wide diversity of applications in various fields, including the treatment of 

drinking water, groundwater, municipal wastewater, industrial wastewater; remediation of 

contaminated groundwater and soil, air and gas cleaning, solvent recovery, gas storage, and in 

industrial production processes such as in pharmaceuticals, chemicals, food and beverage 

production. 

Typically, commercial activated carbons are used in the form of powders or granules, requiring the 

use of packed bed contactors. There are disadvantages with this approach, such as high pressure 

drop associated with the flow through the packed media, particle entrainment and channelling.  

A way to overcome this problem is to utilise an activated carbon contactor with a honeycomb 

structure, making use of the very high geometric surface area-to-volume ratio of this shape. The high 

surface area provides high contact efficiencies, with a significantly lower pressure drop.  

In 2014, BCIA funded a collaborative project between Monash University and the University of 

Melbourne, called ‘Carbon Monoliths for Capture of CO2 by Electrical Swing Adsorption’, in 

association with the EU-funded MATESA consortium.13 The vision of MATESA is to develop a new-

generation high-efficiency capture process based on selective adsorption of CO2 on hybrid 

honeycomb monoliths. 

As part of this project, a group led by Professor Alan Chaffee at Monash University produced 

activated carbon honeycomb monoliths from Victorian lignite. The lignite was mixed with an alkali to 

produce a gel material that could be extruded to form a honeycomb monolith, which was 

subsequently carbonised.14 The resulting activated carbon monolith is shown in Figure 4.7. 

                                                           
13 https://www.sintef.no/projectweb/matesa/consortium 
14 Parsa, M. R., & Chaffee, A. L. (2018). Carbon monoliths and a process for producing same. PCT Patent 
Application WO2018213890. 
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Figure 4.7: Honeycomb activated carbon from Victorian lignite15 

 

The activated carbon monoliths from Victorian lignite were electrically conductive, and could be 

heated by applying an electrical current. Attempts were made to coat the surfaces of the porous 

carbon with a metal organic framework (MOF), a high capacity CO2 adsorbent, but the results were 

not satisfactory. With further development, this concept could be refined to create a low-cost way to 

scrub CO2 from the atmosphere using renewable energy. 

Since completion of that project, Professor Chaffee’s group has continued to explore applications for 

honeycomb activated carbon monoliths with more immediate commercial potential. The focus is on 

refining fabrication techniques to produce high quality, hard extruded monoliths from Victorian lignite 

at low cost, and on development of opportunities in water treatment.  

Activated carbon monoliths have potential for use in adsorption of a wide range of organic materials 

such as phenol, dyes, humic acid and formaldehyde, acetaldehyde and isopropanol, as well as 

inorganic material such as phosphorous, arsenic or other heavy metals. Additives can be incorporated 

into the activated carbon monoliths to increase the adsorption / oxidation of targeted contaminants. 

After use, the monoliths can be efficiently regenerated by applying a low voltage electric current to 

heat the adsorbent internally. 

The products being developed at Monash University offer great potential as viable and effective 

industrial adsorbents for water treatment. Monash is seeking a partner to develop and commercialise 

this technology.16 

  

                                                           
15 © Prof. Alan Chaffee 
16 https://www.monash.edu/__data/assets/pdf_file/0009/1463778/Carbon-monoliths-water-purification.pdf 
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4.5 BLAST FURNACE COKE 

Globally, the production of steel increases steadily to meet the demands of a growing world 

population. According to the World Steel Association total production was 850 Mt in 200017 and 1808 

Mt in 2018.18 Production of steel relies on production of iron in blast furnaces, which in turn relies on a 

steady supply of coke to reduce iron oxides to metal. The grade of coal used to produce coke is not 

abundant, is relatively expensive and is subject to frequent price fluctuations, so there is strong 

interest in developing cheaper alternatives. 

Most coals, including many bituminous coals, are not suitable for blast furnace coke production. 

Coking coals have the unique attribute of softening when heated, agglomerating and forming a plastic 

phase called mesophase. It solidifies upon cooling to form hard, strong, macroporous lumps of coke. 

Low rank coals, including lignite, have long been investigated as potential alternatives for blast 

furnace coke since the end of World War 2. While it has proven possible to produce coke-like 

materials from lignite having the required strength, they tend to be too reactive for blast furnace use, 

quickly breaking down to fines. 

In 2009, the Victorian Government and Japan’s Kyushu Electric Power Company established a 

project at Monash University to investigate the production of blast furnace coke from Victorian lignite. 

BCIA assumed management of this project at the end of 2010. The project involved a PhD student at 

Monash University, Mr Mamum Mollah, supervised by Professor Alan Chaffee, in collaboration with 

CSIRO, HRL Technology, and Australian Char.  

Research efforts in this project were directed toward production of hard, low reactivity cokes from 

lignite. The research involved evaluation of a range of processing conditions, involving (1) separation 

of tarry material from Victorian lignite; and (2) briquetting of the mixture including the residue, a binder 

and a cementing agent under a carefully regulated heating regime. Briquettes were produced and 

tested for compressive strength and reactivity. 

The project was successful in producing a briquetted product with acceptably low reactivity by using a 

combination of optimised processing conditions and a binder material derived from lignite. The details 

remain confidential and the university holds a provisional patent for this material and its method of 

preparation. 

Since completion of the project in 2015, further incremental improvements have been made, including 

the production of 50 mm briquettes (shown in Figure 4.8), suitable for evaluation in standard industry 

tests. Opportunities to commercialise this valuable intellectual property are being explored. 

                                                           
17https://web.archive.org/web/20150420161500/http://www.worldsteel.org/dms/internetDocumentList/stati
stics-archive/production-archive/steel-archive/steel-annually/steel-annually-1980-
2013/document/steel%20annually%201980-2013.pdf 
18 https://www.worldsteel.org/en/dam/jcr:dcd93336-2756-486e-aa7f-
64f6be8e6b1e/2018%2520global%2520crude%2520steel%2520production.pdf 
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Figure 4.8: 50 mm briquette produced from Victorian lignite19 

 

  

                                                           
19 © Mamun Mollah 
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5 Humic Substances from Lignite 

5.1 INTRODUCTION 

Humic substances are organic compounds that are important components of humus, the major 

organic fraction of soil, peat, and coal. They are produced by biodegradation of dead organic matter 

and are complex mixtures of many different organic compounds. 

Humic substances are essential for healthy soil. They fix nitrogen, make soil nutrients available to 

plants through cation exchange, and improve the physical structure of the soil.20 Humic substances 

can help to reduce fertiliser application rates, enhance efficiency of nutrient use, replace synthetic 

plant regulators, increase water stress tolerance, decrease disease incidence, and enhance early 

growth and flowering, and serve as a carrier for beneficial microorganisms.21 

Lignite can be used to produce a range of commercial humic substance products, such as humic acid 

and fulvic acid, which are used to increase the growth and yields of a variety of agricultural crops. The 

advantages of lignite as a soil amendment have been recognised for many years and it is commonly 

added to potting mixes22.  

                                      

Figure 5.1: Dark brown humic and golden brown fulvic acids23 

 

5.2 APPLICATIONS FOR LIGNITE IN AGRICULTURE 

 Opportunities for lignite in agriculture 

In December 2015, BCIA ran a workshop on ‘Agricultural applications for brown coal, attended by the 

majority of industry, academic and regulatory experts known to have an interest in this area. 

                                                           
20 Youngs RW, Frost CM (1963). Humic acids from leonardite; a soil conditioner and organic fertilizer. 
Proceedings of the North Dakota Academy of Science 17: 76-82. 
21 Canellas LP, Olivares FL, Aguiar NO, Jones DL, Nebbioso A, Mazzei P, Piccolo A (2015). Humic and fulvic acids 
as biostimulants in horticulture. Scientia Horticulturae 196: 15-27. 
22 Perry GJ, Royston D, & Allardice DJ (1987). The development of new uses for Victorian brown coal. 
Symposium Proceedings: Fourteenth Biennial Lignite Symposium on the Technology and Utilization of Low-Rank 
Coals, Dallas TX, 19 May 1987, University of North Dakota. 
23 © Assoc. Prof. Vince Verheyen, Federation University 
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Participants at the workshop were aware that a lot of research had been done in this area in the past, 

but it was not readily accessible.  

In response, BCIA prepared a literature review for its members, called ‘Applications for brown coal in 

Australian agriculture’. The report showed that there is a range of potential uses for lignite in 

Australian agriculture. Lignite or extracted humic substances can be used as soil amendments and in 

organomineral fertilisers. Lignite itself can be used as a carrier for microbial biofertilisers and to 

reduce ammonia and N2O emissions from beef cattle feedlots and other intensive animal-rearing 

systems. Humic acids can be used as animal feed supplements to improve animal health and growth 

rates.  

Amendment of farming soils with lignite can quickly improve soil health, leading to increased plant 

growth and photosynthesis. In turn, this results in more CO2 being captured from the atmosphere and 

stored as soil organic carbon. This is an inexpensive way to help offset Australia’s greenhouse gas 

emissions. 

The report included recommendations for further research to ensure the quality and reliability of new 

agricultural products based on Victorian lignite. 

 Improving fertiliser efficiency with lignite 

BCIA provided scholarship support for a PhD student at Monash University, Mr Biplob Saha, who 

investigated the interactions between lignite and nitrogen fertilisers, under the supervision of 

Associate Professor Tony Patti. 

The project sought to improve the efficiency of nitrogen fertilisers, such as urea, through blending with 

lignite or humic substances. Mr Saha showed that lignite can bind to ammonia, slowing its release 

from the soil (Figure 5.2). Retention of ammonia in the soil makes the nitrogen more available for 

plant use.  

 

 

 

 

 

 

 

Figure 5.2: Release of ammonia (NH4
+) from urea lignite blends in water24 

 

                                                           
24 © Biplob Saha, Monash University 
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Glasshouse and field experiments confirmed that blending of urea with lignite showed a beneficial 

effect on the growth, nitrogen uptake, biomass and economic yield in both silverbeet and corn. The 

higher availability of mineral nitrogen facilitated better crop growth, and increased biomass and 

economic yield of the studied crop plants by approximately 30 and 25%, respectively.  

Other experiments showed that a granular lignite-urea fertiliser blend, in comparison to urea alone, 

allowed the use of 25% less fertiliser without any loss of crop yield, and with less wastage of nitrogen 

to the environment. 

These studies clearly highlight the economic value of using lignite as an agricultural input in 

combination with nitrogen fertilisers. Commercial field trials are currently under way to capitalise on 

these findings, which may lead to a new manufacturing industry in Victoria. 

 Improving the production of humic products from lignite (current project supported by ACI) 

Omnia Specialities Australia Pty Ltd (www.omnia.com.au), a multinational South Africa-based 

agrochemical company, produces humic compounds in Morwell from a naturally oxidised fraction of 

Victorian lignite, which is a particularly rich natural source of humates. Omnia Specialities has recently 

invested in a multimillion dollar upgrade of its manufacturing plant (Figure 5.3), making it a key 

production facility for global export of these lignite-sourced products. 

                                 

Figure 5.3: Omnia Specialities Australia production facility, Morwell25 

 

The yield and properties of humic compounds exhibit significant variation (20-95%) across and within 

the lignite mines and deposits in the Latrobe Valley. The lignite seams that are rich in humic 

substances are difficult to identify and access, posing a significant barrier to the expansion of the 

Victorian humic industry.  

                                                           
25 © Omnia Specialities Australia Pty Ltd 
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ACI is currently supporting a PhD project at Federation University to develop a commercially 

practicable and safe means of oxidising run-of-mine Victorian lignite. The project is being undertaken 

by Mr Andrew Hood, under the supervision of Associate Professor Vince Verheyen.  

The aim of the project is to find a way to tailor the preparation of humic and fulvic acids in high yield 

regardless of lignite source. A tailored lignite oxidation process will be developed that will offer an 

improved ability to vary the reaction conditions, increase yields and achieve more desirable humate 

properties. 

This project will assist Omnia Specialities by developing an improved humate extraction approach, to 

increase the humate content in run-of-mine lignite and boost the capacity of the manufacturing facility 

in Morwell. The process will be compatible with Omnia Specialities’ existing manufacturing plant.  

This collaboration between Federation University and Omnia Specialities, supported by funding from 

ACI, has the potential to increase export revenue from the Latrobe Valley and create opportunities for 

more widespread use of humates in Australian agriculture. 
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6 Gasification of Lignite 

6.1 INTRODUCTION 

Gasification is a technology that can convert lignite into a gaseous product (syngas) that can be 

burned for electricity production or converted into a wide range of value-added products, including 

fuels and industrial chemicals.  

Gasification involves partial combustion of lignite in a mixture of steam and either oxygen or air to 

convert the coal into a mixture of CO, CO2 and H2 (and N2 if air is used). The syngas has a high 

energy content and can be burned to produce electricity in a gas turbine. Alternatively, the CO and H2 

can be processed to create a wide range of products, as illustrated in Figure 6.1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1: The diversity of products from syngas, which can be formed from gasification of lignite26 

 

Gasification has had a long history in Victoria, beginning with the commissioning of the Morwell Gas 

Plant in 1956 to produce town gas from Yallourn lignite briquettes. An oxygen-blown fixed bed Lurgi 

gasifier produced the town gas, based on pilot scale research undertaken at the University of 

Melbourne. 

For about 15 years from the early 1990s, lignite gasification research in Victoria focussed on low-

emissions power generation using a high temperature Winkler fluidised bed gasifier in a process 

called integrated drying gasification combined cycle. This research was initiated by the State 

Electricity Commission of Victoria and continued in two consecutive Cooperative Research Centres, 

                                                           
26 Redrawn and rearranged from an original © State Government of Victoria 
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the CRC for New Technologies for Power Generation from Low-Rank Coal and the CRC for Clean 

Power from Lignite.  

BCIA continued to support lignite gasification research, but shifted the emphasis to the production of 

value-added products. From a processing perspective, this required a shift from air-blown fluidised 

bed-type reactors to oxygen-blown entrained flow-type reactors. Entrained flow gasifiers achieve high 

carbon conversion efficiencies and produce a cleaner syngas product, which is accomplished by 

operation at higher temperatures and pressures than fluidised bed gasifiers. This meant that the 

previous gasification research was not directly relevant. 

To help fill this knowledge gap, BCIA oversaw the development of new knowledge and skills relating 

to lignite gasification under entrained flow conditions. A total of 12 projects were commissioned, which 

are summarised in the report, ‘Positioning Brown Coal for a Low-emissions Future 2009-2015’.27 This 

created a body of new knowledge relating to the performance of Victorian lignite under entrained flow 

gasification conditions, and the potential of this route for producing value-added fuels and chemicals. 

Some of the highlights of this work are described below. 

 

6.2 ENTRAINED FLOW GASIFICATION OF VICTORIAN LIGNITE 

 Oxygen-blown gasification of Victorian lignite 

In order to build understanding and confidence in the potential application of oxygen-blown 

gasification technologies to Victorian lignite, BCIA commissioned a report on behalf of its members, 

called ‘Oxygen-blown gasification of Victorian lignite – research and technology review’. The project 

was undertaken by CSIRO and Monash University, and was informed through consultation with key 

technology developers, vendors and operators of oxygen-blown gasification facilities.  

The objective of this report was to identify the state-of-the-art in commercially available plant, identify 

issues that must be considered in choice of technologies, and pinpoint areas where further research 

is needed.  

 Engineering data on entrained-flow gasification 

BCIA sponsored three research projects at Monash University, under the supervision of Professor 

Sankar Bhattacharya, to develop fundamental data on the performance of Victorian lignite under 

entrained-flow conditions.  

The first project, undertaken by PhD candidate Ms Joanne Tanner, produced kinetic data, gas 

composition and yield data over the full temperature range of commercial interest. This project 

established the conditions needed for efficient carbon conversion, high throughput and tar-free 

syngas under industrial conditions. 

The second project, undertaken by PhD candidate Mr Tao Xu, extended the analysis of lignite 

gasification through detailed analysis of the chars produced, and the speciation of mineral elements 

                                                           
27 https://www.acinnovation.com.au/aci-reports 
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into the gas and slag phases. This project assisted in the refinement of a simulation model applicable 

to entrained flow gasification of Victorian lignite. 

The third project involved a collaboration with Mitsubishi Heavy Industries, Japan and the Institute for 

Energy and Climate Research, Germany. The objective was to develop viscosity and slag 

composition models for design of entrained flow gasifiers operating with Victorian lignite. This required 

the design and construction of a sophisticated rheometer at Monash University for high-temperature 

slag viscosity measurements under different gas atmospheres. The project established the operating 

conditions needed to achieve an optimum slag viscosity under entrained flow conditions. It was found 

that existing slag viscosity models are not adequate for Victorian lignites. Further work is needed to 

understand the effect of ash chemistry on slag viscosity so that a useful predictive tool can be 

developed. 

 Towards pilot-scale entrained flow gasification 

The state of the art in pilot-scale entrained flow gasification, was studied in a project led by Professor 

Klaus Hein at HRL Technology, in collaboration with Monash University and CO2CRC. The aim of 

project, called ‘Next generation lower emissions gasification systems R&D – power and products’, 

was to develop a conceptual design for a pilot plant facility suitable for undertaking further product 

development research. The work included reviews of: syngas technologies and products; alternative 

concepts for Victorian lignite gasification, gas treatment and use; pre-combustion CO2 capture 

technologies; identification of research gaps and priorities; and pilot plant design.  

 

6.3 PRODUCTS FROM GASIFICATION OF VICTORIAN LIGNITE 

 Economics of lignite-to-chemicals  

To qualify as a low-emissions technology, the carbon dioxide emissions from a gasification process 

must be captured and prevented from reaching the atmosphere. This comes at a cost, which will have 

an impact on the economics of the process. In the absence of a price on carbon, the product must be 

able to absorb this cost while remaining commercially competitive. 

In order to identify the most prospective opportunities for low-emissions lignite-to-chemicals via 

gasification, BCIA commissioned a study on behalf of its members, called ‘Victorian based lignite to 

chemicals – economics and technology status’. The report was prepared by Dr Nikolai Kinaev, 

Strategic Energy Consulting Pty Ltd, and Dr Geoff Bongers, Gamma Energy Technology Pty Ltd. 

The analysis was based on applying mature chemical technologies that have been applied recently in 

coal-to-chemicals plants, primarily in China. However, the analysis assumed a first-of-a-kind build in 

Australia, using current data for capital and construction costs in Victoria. It was found that the 

feasibility of a lignite-to-chemicals facility is dependent on the particular chemical produced. 

 The levelised cost of hydrogen production is within the upper bound of current market prices, 

but is sensitive to the cost of CO2 transportation and storage. Capital subsidies are not likely 

to be a useful incentive for hydrogen production. 
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 Urea production may also be feasible and is relatively insensitive to the cost of CO2 

transportation and storage. However the levelised cost of urea mid-point is above current 

market prices (which are at an historical low). Capital subsidies or other financial instruments 

(e.g. loan guarantees) would lower the levelised cost of product, reducing the risk and making 

the process more economic. 

 Synthetic petroleum products (from a Fischer-Tropsch facility) are not likely to be feasible 

unless the crude oil price is above $130 per barrel for the life of the facility. 

 Both methanol and ammonia require significant subsidies or assistance to become 

competitive at current market prices. 

The study found that a large workforce would be required to construct a lignite-to-chemicals facility, 

peaking at some 6,000 workers ranging from labourer through to skilled craftsmen and supervisors, 

over an eight-year construction period. In addition, 400 to 500 long-term operational roles would be 

created, depending upon the specific process involved, and three times that many local jobs to 

support these operational roles.  

 Hydrogen 

Hydrogen is currently considered to be the most prospective low-emissions product of lignite 

gasification. The Japanese government has created a driver to develop this opportunity by seeking to 

phase out fossil fuels in favour of hydrogen as its dominant fuel source.  

The Japanese Institute of Applied Energy has estimated that CO2-free hydrogen from Victoria may 

potentially contribute to about 30% of Japan’s energy mix by the late 2030s.  To meet this need, it is 

estimated that around 500,000 tonnes/year of hydrogen will need to be produced and exported from 

Victoria.28 

A recent analysis by ACIL Allen Consulting forecast that, by 2030, the global market for CO2-free 

hydrogen will be in the order of 3.8 million tonnes, worth about $9.5 billion. Of this, Australia could 

potentially supply 242,000 – 1,088,000 tonnes, generating $1.1 – 4.8 billion in export revenue.29 

Victoria is well positioned to play a key role in this market. 

6.3.2.1 Hydrogen Energy Supply Chain (HESC) Project 

Kawasaki Heavy Industries Ltd (KHI) has proposed the concept of a CO2-free hydrogen energy 

supply chain based on producing hydrogen from lignite in Australia and transporting it for 

consumption in Japan (Figure 6.2). The concept involves gasification of lignite in the Latrobe Valley, 

separation and sequestration of the CO2, and transport of the hydrogen gas to a port facility by 

                                                           
28 Kamiya, S., Nishimura, M., & Harada, E. (2015). Study on introduction of CO2 free energy to Japan with liquid 
hydrogen. Physics Procedia, 67, 11-19. 
29 Opportunities for Australia from Hydrogen Exports, ACIL Allen Consulting for ARENA, 2018. 



 
 
 

CONFIDENTIAL 

 

Transformational Technologies for Victoria’s Low Emissions Future ● 34 

 

 

pipeline. The port facility will include a hydrogen liquefaction plant and a hydrogen loading base, 

where liquid hydrogen is loaded onto specially designed carrier ships for transport to Japan30. 

 

Figure 6.2: The Hydrogen Energy Supply Chain concept31 

 

BCIA was an early supporter of the ‘CO2-free hydrogen energy supply chain’ concept through a 

project involving KHI and HRL Developments Pty Ltd. The objective was to develop a conceptual 

design for production of hydrogen from Victorian lignite using HRL’s integrated drying and gasification 

technology and other commercially-available technologies.  

The project obtained information on the costs and performance of specific syngas processing steps. It 

also developed an overall model for the process, incorporating heat and mass balances, and utility 

requirements, as well as a financial model. Researchers evaluated and modelled a number of 

prospective alternative technologies to establish the most feasible. Designs were developed for pilot-

scale and demonstration-scale hydrogen production plants, including considerations of hydrogen 

liquefaction and transport. 

The research initially funded by BCIA has since matured into the Hydrogen Energy Supply Chain 

(HESC) Project The HESC Project is being developed by a consortium involving KHI, J-POWER, 

                                                           
30 Kamiya S, Nishimura M, & Harada E (2015). Study on introduction of CO2 free energy to Japan with liquid 
hydrogen. Physics Procedia, 67, 11-19. 
31 © KHI 
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Iwatani Corporation, Marubeni Corporation and AGL, with funding from the Victorian and Australian 

governments.  

The HESC Project will begin with a pilot phase, aiming to demonstrate a hydrogen supply chain that 

includes production, transportation and storage, with the ultimate goal of a commercial-scale phase in 

the 2030s. This is an important demonstration of the value to Victoria of the early-stage research work 

supported by BCIA. 

6.3.2.2 Options for production of low cost CO2-free hydrogen from Victorian lignite 

Options for low cost production of CO₂-free hydrogen have also been investigated by Cleantech 

Energy Australia (CEA; formerly Coal Energy Australia), a member of ACI. CSIRO was commissioned 

to conduct a desktop costing study of potential CO2-free hydrogen production technologies, in 

collaboration with Monash University and Gamma Energy Technology. The project was funded jointly 

by ACI, ANLEC R&D and CEA. 

Since CEA’s interest at the time was focussed on pyrolysis of Victorian lignite, the primary focus was 

on hydrogen production options based on pyrolysis. Three pyrolysis options were considered. 

 Pressure swing adsorption (PSA) for recovery of hydrogen from pyrolysis gas. 

 Catalytic steam reforming, to convert methane and hydrocarbons in the pyrolysis gas to syngas, 

followed by PSA for hydrogen recovery. 

 Chemical looping reforming of pyrolysis gas, with recovery of hydrogen and CO2 as separate 

process streams. 

For comparison, two other hydrogen production technologies were evaluated: (i) lignite gasification 

with CCS, and (ii) electrolysis of water using renewable (wind and solar) energy generated in Victoria. 

          

Figure 6.3: Simplified block diagrams for hydrogen production 
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For each of these options, the study was based on a common hydrogen production rate of 770 tonnes 

per day. This is the amount that would be needed to meet the projected market demand from Japan 

in the 2030s. 

The project involved a desktop review, supported by process modelling and independent cost 

estimates. The study assumed a hydrogen production rate of 770 tonnes per day for each option. This 

equates to the anticipated market demand from Japan in the 2030s. 

It was found that, in principle, sufficient CO2-free hydrogen could be produced by all of the 

investigated production routes. However, gasification of lignite with CCS was found to be the most 

economical option for production of CO2-free hydrogen at the quantity and cost needed by the 

Japanese market in the 2030s. 

The production cost for gasification-based hydrogen was estimated as $2.73/kg – 4.64/kg /kg in 2030. 

These costs do not consider the longer term of cost of mine site rehabilitation after the end of mine 

life.  

The amount of lignite required for the gasification route, 6.3 million t/y, is significantly less than 

currently mined at either Yallourn (18 million t/y)  or Loy Yang (30 million t/y).  

Gasification would require provision of 2.4 GL/y of make-up process water. This is less than the 

amount of water evaporated during drying of the lignite. However, the costs associated with recovery 

of water from dryer condensate were not considered in the study. Coal drying technologies such as 

Germany’s WTA (fluidized-bed drying with internal waste heat utilization) can capture the evaporated 

water as part of the process.  This could be used as the process water for hydrogen production with 

no call on environmental water. 

Renewable-based hydrogen is expected to be more expensive ($5-60 – 8.90/kg) in 2030. The values 

for wind and solar photovoltaic were similar because of the relatively high cost of electrolysis. 

Production of hydrogen by electrolysis would consume around 2 billion litres/year of purified water. 

The availability of suitable sites for renewable hydrogen production in term of energy and water 

resources will need careful consideration. 

For production of hydrogen using wind energy alone in Victoria, the total estimated wind farm area is 

238,000 ± 154,000 ha, with a permanent direct impact area of 2,100 ± 2,100 ha. Alternatively, 

production of hydrogen using solar PV energy alone in Victoria will require 15,000 ha of bare panels, 

or 23,000 ha installed. 

The production cost for the best pyrolysis-based hydrogen process was estimated as $5.10/kg in 

2030. Pyrolysis approach was more expensive than gasification - predominantly because Victorian 

lignite must be briquetted prior to pyrolysis, which is not required for gasification. None of the three 

pyrolysis options were found to be competitive.  

This project provided strategic advice on options for the development of a high-value export 

opportunity. The most cost-effective option for producing export quantities of CO2-free hydrogen was 

found to be by utilising the State’s massive lignite resource in the Latrobe Valley and the proven CO2 
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storage capacity in the nearby Gippsland Basin. This outcome serves as an independent validation of 

the HESC Project concept.  

 Dimethyl ether 

In 2009, the Victorian Government and Japan’s Kyushu Electric Power Company (KEPCO) each 

committed up to $250,000 per annum over three years for complementary collaborative lignite 

research projects in their respective regions. In Victoria, there were three projects led by Monash 

University. BCIA assumed management of these projects at the end of the first year. 

One of the Victorian projects involved an investigation of the potential to produce dimethyl ether 

(DME) by gasification of Victorian lignite. DME is a non-toxic, environmentally benign fuel which is 

being developed overseas as a diesel substitute for motor vehicles. It is produced by catalytic 

conversion of methanol, which conventionally involves an inefficient two-stage process.  

This project evaluated the feasibility of one-pot synthesis of DME from gasifier syngas using bi-

functional catalysts (hydrogenation plus methanol dehydration). Professor Sankar Bhattacharya at 

Monash University led the project, with support from CSIRO Energy Technology and HRL 

Technology. 

Three new bi-functional catalysts were developed that performed as well as or better than a mixture of 

commercial catalysts, giving DME yields of 35-40%. More research is needed to develop improved 

catalysts for this application. 

This project successfully established the principle of one-pot synthesis of DME from lignite syngas. 

DME is a prospective low-emissions diesel substitute, making it worthy of further study. This is an 

example of the new opportunities that could arise from lignite gasification research in Victoria. 

 

6.4 A PILOT-SCALE GASIFIER AS A TRAINING FACILITY 

The HESC project (Section 7.3.2.1) is working toward demonstration of hydrogen production from 

Victorian lignite in an entrained flow gasifier. The project is expected to be completed by mid-2021, at 

which time the gasifier will have served its intended purpose. The developer of the technology, J-

POWER, would like to see the pilot gasifier remain in Australia, where it can be used as a research 

and training facility.  This is linked to the proposal for a Regional Carbon Innovation Centre as 

discussed in Section 10. 

Previous BCIA-funded research has established that a range of value-added products could be 

produced by upgrading the syngas produced by gasification of Victorian lignite. These include 

ammonia, synthetic natural gas, methanol and chemical derivatives including DME, synthetic crude 

oil, olefins and polymers.  

Processes for synthesis of many of the potential products are well established. However, such 

processes have typically been developed utilising different feedstocks, including reformed natural gas 
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or other petrochemical feedstocks. There is limited experience in the generation of products using 

lignite-derived syngas as the feedstock. 

The synthesis of value-added products from lignite gasifier syngas will require optimisation of each 

individual processing step. As illustrated in Figure 6.4, the individual steps cannot be studied in 

isolation, but can only be properly investigated through research on a pilot-scale gasifier. 

            

Figure 6.4: Processing steps for converting lignite to syngas via gasification 

 

Retention of the HESC pilot gasifier in Victoria would represent an important piece of national 

research infrastructure, which could be used for both research and training. 

As a training facility, the HESC pilot gasifier could be used to develop the local skills base needed to 

support a nascent hydrogen economy in Victoria, and to facilitate international investment in local 

gasification projects. This would build on the experience gained by Federation University in operation, 

monitoring and simulation of the pilot gasifier during its involvement with the HESC project. This 

expertise will provide the knowledge base necessary to continue gasification research in the Latrobe 

Valley. 

As a research tool, the pilot gasifier could be used as a platform for development of processing 

technologies specific for Victorian lignite, for demonstration of novel CO2 capture technologies, and 

for investigation of improved processes for syngas upgrading. 

For example, research projects currently under way at the University of Melbourne and Monash 

University are building local expertise in the catalytic synthesis of methanol, DME and DMC from 

gasifier syngas. Full development of these processes can only be achieved at pilot scale. 

ACI is currently working towards the HESC pilot gasifier being hosted at the proposed Regional 

Carbon Innovation Centre in the Latrobe Valley, where it will support the transformation of the 

regional economy through the creation of new jobs and industries. 

  

Lignite 
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7 Lignite Drying 

Utilisation of Victorian lignite in applications at any great distance from the mine site is a challenge. 

Freshly-mined lignite contains about two-thirds water, making it expensive to transport. Dried lignite is 

highly reactive and has a tendency to combust spontaneously, making it dangerous to transport and 

stockpile. These problems have prevented the commercial exploitation of Victorian lignite for anything 

other than local power generation. The development of economical new uses for Victorian lignite 

depends upon being able to upgrade and stabilise it efficiently and cost-effectively.  

In 2018, BCIA was commissioned to prepare a ‘Lignite Drying Status Report’ for the Electric Power 

Research Institute (EPRI), an independent, non-profit organization in the United States. EPRI 

conducts research, development, and demonstration projects on electricity generation, delivery, and 

use, for the benefit of the public. 

The “Lignite Drying Status Report’ gave an overview of the lignite drying technologies that are 

currently available and offered by commercial vendors. It also included some novel technologies that 

are not yet at commercial offer stage. Two of the novel technologies had been the subject of trials 

with lignite during BCIA-funded research. These are highlighted in the sections below. 

The Superheated Steam drying technology developed by Keith Engineering, and Australian company, 

has been trialled at pilot scale for lignite. The main advantages of superheated steam drying are that 

superheated steam has heat transfer properties superior to air, and the removal of oxygen from the 

drying process makes it inherently safe with lignite. This technology should be considered as a 

candidate for any new lignite drying process in Victoria. 

The Counter flOw Multi Baffle (COMB) drying technology developed by the Korean Institute for 

Energy Research, is being actively researched in a project currently funded by ACI. The COMB drying 

process uses a novel counter-current configuration to achieve high drying efficiencies. Initial trials with 

Victorian lignite in Korea were very promising, and a second trial is under way to better understand 

the techno-economic aspects of the technology. 

These two examples illustrate how projects funded by BCIA and ACI have helped to advance new 

drying technologies to help enable low-emissions uses for Victorian lignite. 

 

7.1 SUPERHEATED STEAM DRYING TECHNOLOGY 

Keith Engineering, based in Sydney, specialises in the design, manufacture and installation of 

processing equipment for the rendering and abattoir industries. Keith Engineering is part of the 

Pinches Group, based in Melbourne, which owns and operates a number of manufacturing and 

engineering supply companies. 

Keith Engineering has developed a process called Airless Drying, which utilizes direct heat rotary 

drum drying with superheated steam as the drying medium instead of conventional hot air. The major 

benefit of Airless Drying is that superheated steam has heat transfer properties superior to air at 



 
 
 

CONFIDENTIAL 

 

Transformational Technologies for Victoria’s Low Emissions Future ● 40 

 

 

elevated temperatures. The removal of oxygen from the drying process reduces odour and minimises 

the risk of explosion and fire. 

Keith Engineering has constructed a pilot scale superheated steam rotary drum dryer system, shown 

in Figure 7.1 below. The dryer has a drum diameter of 0.37m and a length of 3.0m, with an 

evaporation rate of 125kg/hr. 

 

                   

Figure 7.1: Pilot scale superheated steam rotary drum dryer32 

 

BCIA supported a research project at Monash University, led by Associate Professor Andrew 

Hoadley, to investigate the potential of this drying technology. Loy Yang lignite with a moisture 

content of 61% was dried to 11% in 30 minutes. Superheated steam at 230oC was passed through 

the dryer co-currently with the lignite. After exiting the dryer, the superheated steam was passed 

through a heater to boost the temperature back to 230oC, and returned to the drum through the action 

of a fan. A proportion of the steam, equal in mass to the amount evaporated from the lignite, was 

removed from the system via a condenser. More than 90% of the moisture was removed from Loy 

Yang lignite in a safe and energy-efficient manner.33 

Monash University researchers subsequently utilized this system to produce a slow release nitrogen 

fertiliser by simultaneous granulation and drying of urea with lignite.34  

                                                           
32 © Keith Engineering (Australia) 
33 Clayton, S., Desai, D., & Hoadley, A. (2007). Drying of brown coal using a superheated steam rotary dryer. In: 
The Proceedings of the 5th Asia-Pacific Drying Conference: (In 2 Volumes), pp. 179-184. 
34 Rose, M. T., Perkins, E. L., Saha, B. K., Tang, E. C., Cavagnaro, T. R., Jackson, W. R., Hapgood, K. P., Hoadley, A. 
F. A., & Patti, A. F. (2016). A slow release nitrogen fertiliser produced by simultaneous granulation and 
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7.2 COUNTER FLOW MULTI BAFFLE (COMB) DRYER TECHNOLOGY (current 

project supported by ACI) 

The Korean Institute of Energy Research (KIER) has developed a new Counter Flow Multi Baffle 

dryer (COMB) drying technology, which uses low temperature waste flue gas (rather than high 

temperature steam) in an efficient countercurrent design.  

The COMB dryer consists of a vertical series of inclined baffle plates which increase the residence 

time and mixing of the lignite as it descends. As shown in Figure 7.2, the solids and gas flow counter-

currently, maximising the driving force for drying over the length of the column. 

The shape and arrangement of the inner baffles can be adjusted to maximise contact efficiency, and 

the residence time of the solids can be adjusted between three to 10 minutes. The COMB drying 

technology is both simple and flexible in operation. 

 

Figure 7.2: Schematic view of COMB column and typical temperature gradient of particles 

 

KIER has established a 1 tonne/day pilot plant COMB dryer at the Dangjin power plant owned by the 

Korea East-West Power Company. It is operated by Samyang Eco-energy Co., with research support 

provided by KIER. The COMB drying plant uses hot flue gas for drying, to mimic the low temperature 

flue gas widely available as waste heat in power stations. 

In 2018, BCIA funded a preliminary investigation of drying Victoria lignite using the COMB drying 

technology. The project, ‘Evaluation of COMB dryer technology with Victorian lignite’, involved 

                                                           
superheated steam drying of urea with brown coal. Chemical and Biological Technologies in Agriculture, 3(1), 
10. 
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sending a research fellow from the Department of Chemical Engineering, Monash University to 

Dangjin, to observe the operation and performance of the COMB plant while drying Victorian lignite. 

The pilot plant trials proved to be successful, showing that high-moisture (~60%) lignite can be dried 

to a moisture content of 6% to 15%, depending on particle size and residence time. A preliminary 

process simulation model was developed, to be used in the design of a larger system. 

During this time, KIER completed construction of a 5 tonnes per day facility, intended for installation in 

Indonesia. In 2019, ACI funded a second project with Monash University, ‘Larger scale testing of 

COMB drying technology with Victorian lignite, to test the COMB dryer at larger scale and over a 

longer duration in the new facility.  

The aim of this project is to generate credible performance data as a basis for a techno-economic 

model. At the time of writing, 10 tonnes of as-mined Victorian lignite has been shipped to Korea, but 

the drying trials have not yet begun. 
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8 CO2 Capture 

8.1 INTRODUCTION 

 What is Carbon Capture and Storage? 

Carbon capture and storage (CCS) involves capturing carbon dioxide (CO2), from industrial processes 

and then transporting it to a suitable storage site for safe, long-term storage deep underground. CCS 

has the potential to play an important role in reducing greenhouse gas emissions from industry and 

addressing climate change. It is a proven technology and has been in safe, commercial operation for 

45 years. Section 9 extends CCS to CCUS where the CO2 is utilised where possible before any 

sequestration takes place. 

CCS presents an important opportunity for new industries in Victoria consistent with the Victorian 

Government’s target of net zero emissions by 2050. Victoria offers a world-class opportunity for CCS 

– Bass Strait’s offshore geology provides excellent potential to safely store large quantities of CO2 

while also being located close to the Latrobe Valley.35 CCS has a number of key benefits for the state 

as it will allow industry that may have a high CO2 emission level such as hydrogen production to 

flourish, providing high paid local jobs, on a long term sustainable basis.  

The CarbonNet Project is investigating the establishment of a commercial-scale CCS network in the 

Latrobe Valley, with the support of the Australian and Victorian governments. The network would 

bring together multiple CO2 capture projects, transporting CO2 via a shared pipeline and injecting it 

into deep underground, offshore storage sites in Gippsland36 (Figure 8.1). 

                                                           
35 https://earthresources.vic.gov.au/projects/carbonnet-project/carbon-capture-and-storage-faq 
36 http://earthresources.vic.gov.au/earth-resources/victorias-earth-resources/carbon-storage/the-carbonnet-
project 
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Figure 8.1: Diagram showing carbon capture and storage37 

 The importance of CCS for a low emissions future 

The Intergovernmental Panel on Climate Change (IPCC) has advised that limiting global warming to 

1.5°C will require that global CO2 emissions fall to net zero by 2050. In its 2019 report, ‘Global 

Warming of 1.5°C’, the IPCC emphasised the importance of CCS for deep mitigation pathways, based 

on its multiple roles to limit fossil-fuel emissions in electricity generation, liquids production, and 

industry applications along with the projected ability to remove CO2 from the atmosphere when 

combined with bioenergy. 

CCS can be used in two ways in mitigation pathways: (i) to move more rapidly towards the point of 

carbon neutrality and maintain it afterwards in order to stabilize global mean temperature rise, and (ii) 

to produce net negative CO2 emissions, drawing down anthropogenic CO2 in the atmosphere in order 

to decline global mean temperature after an overshoot peak. 

The IPCC estimated that a zero emissions pathway, limiting global warming to 1.5°C, requires CO2 

emissions in industry to be about 65–90% lower in 2050 relative to 2010. This will require storage of 

up to 1,200 GtCO2 globally by 2050, well within the proven technical potential of at least about 2,000 

GtCO2 of storage capacity in geological formations. Transitional change is already underway, but 

limiting warming to 1.5°C will require a rapid escalation in the scale and pace of CCS deployment, 

particularly in the next 10–20 years. 

                                                           
37 © The State of Victoria 
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The IPCC stated: “Given the importance of CCS in most mitigation pathways and its current slow 

pace of improvement, the large-scale deployment of CCS as an option depends on the further 

development of the technology in the near term.”38 

 

8.2 DEVELOPMENT OF CCS FOR USE WITH VICTORIAN LIGNITE 

The IPCC noted that the deployment of CCS is, in general, being held back by uncertainty about the 

feasibility of timely upscaling, both due to lack of regulatory capacity and concerns about storage 

safety and cost. 

It is fair to say that the development of CCS technologies for use in the combustion and processing of 

Victorian lignite has been strongly supported by BCIA/ ACI, with funding from both the Victorian and 

Australian governments.  

BCIA / ACI has played a prominent role in supporting the development of post-combustion capture 

technologies suitable for use in lignite power stations, and pre-combustion capture technologies 

suitable for gasification of lignite. 

BCIA / ACI has supported CO2CRC, CSIRO, Monash University and the University of Melbourne to 

investigate the state of the art in carbon capture technologies, including solvents, membranes and 

solid-phased adsorbents. The emphasis has been on pilot-scale demonstration, making BCIA/ ACI 

one of the largest supporters of CCS development in Australia. 

BCIA’s promotion of these technologies has provided indirect support for the CarbonNet Project. 

BCIA also provided direct support for the CarbonNet project through its management and delivery of 

the report, ‘Dispersion modelling techniques for carbon dioxide pipelines in Australia’. This report 

provided state-of-the-art guidance on the safe design of CO2 pipelines, and showed that it can be 

done in a way consistent with the Australian Standard for gas pipeline design.39 

The carbon capture technologies that have been developed through BCIA / ACI projects are not 

limited to use in power generation. They can be used for capturing CO2 emissions for lignite 

upgrading processes, and other industrial processes. They would also be suitable for use for 

bioenergy production and perhaps for recovery of CO2 from the atmosphere. 

The full range of carbon capture projects supported by BCIA is described in ‘Positioning brown coal 

for a low-emissions future 2009-2015’.40 The driver for many of the projects described has been to 

address the challenges created by the presence of lignite-specific impurities in the flue gas.  

Unlike in other countries, Australian power stations are not required to use desulphurisation 

equipment, since Australian coals contain low levels of sulphur. Under these conditions, CCS systems 

are affected by a gradual accumulation of sulphur compounds, which reduce the capacity and 

                                                           
38 https://www.ipcc.ch/sr15 
39 https://www.globalccsinstitute.com/resources/publications-reports-research/dispersion-modelling-
techniques-for-carbon-dioxide-pipelines-in-australia 
40 https://www.acinnovation.com.au/aci-reports 
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efficiency of CO2 capture. Similarly, sulphur compounds are present in the syngas produced by 

gasification of Victorian lignite. 

BCIA has supported the development of two main types of solvent-based CO2 capture system. One is 

the CO2CRC precipitating adsorption system, in which CO2 is captured using potassium carbonate 

solvent. In this system, sulphur impurities naturally precipitate out as potassium sulphate. 

The other is the CSIRO amine-based adsorption system. CSIRO has researched new strategies to 

reduce the cost of CCS through the use of new, efficient solvents with lower energy penalty, and 

novel processes to avoid sulphur deactivation. 

The CO2CRC process, known as UNO MK 3, became the basis for a start-up company, UNO 

Technology41, which is commercialising the technology. Since the completion of BCIA-funded 

research, significant improvements in CO2 capture efficiency have been achieved with the use of a 

promoter42, and the absorber has been modified to allow the process to run at much higher solids 

concentrations.   

CSIRO has successfully completed a joint pilot CO2 capture project with IHI Corporation of Japan. 

They are currently undertaking a feasibility study into scaling up further and using the captured CO2 to 

enhance the growth of tomatoes in commercial glasshouses. 

A brief overview of the development of these two technology streams is provided below. While the 

main emphasis is on post-combustion capture of dilute CO2 from power station flue gas, both 

technologies are applicable for gasifier syngas clean-up. This is exemplified by the original pilot-scale 

testing of UNO technology. 

 

8.3 CO2CRC PRECIPITATING ADSORPTION SYSTEM 

 Pre-combustion CO2 capture from a pilot gasifier (UNO MK 1) 

The first incarnation of the potassium carbonate absorption process (UNO MK 1) was tested using 

syngas from an air-blown pilot-scale gasifier (Figure 8.2). This was an example of the use of ‘pre-

combustion CO2 capture, where the syngas (a mixture of CO, CO2 and H2) was cleaned before 

combustion or further processing. This project, ‘Pre-combustion carbon dioxide technologies for lignite 

power generation’ was led Dr Abdul Qader of the CO2CRC, in collaboration with HRL Developments 

Pty Ltd, Process Group, the University of Melbourne, Monash University and UNSW.  

                                                           
41 http://unotech.com.au/ 
42 Hooper, B. (2018, October). Faster, higher, stronger: A winning solution for a precipitating potassium 
carbonate capture system. In 14th Greenhouse Gas Control Technologies Conference Melbourne (pp. 21-26). 
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Figure 8.2: CO2CRC pre-combustion CO2 capture rig at HRL Developments43 

 

This project identified the problem of sulphur and nitrogen impurities in the syngas interacting with the 

potassium carbonate solvent, altering the CO2 capture properties. These interactions were 

incorporated into a simulation model for use in process design and optimisation.  

 Development of UNO MK 3 for post-combustion CO2 capture 

BCIA subsequently supported further development of the CO2CRC potassium carbonate process for 

recovery of CO2 from flue gas at the Hazelwood power station, in the project ‘Latrobe Valley Post 

Combustion Capture (LVPCC) Project – CO2CRC stream’ (Figure 8.3). Under the operating 

conditions used, the CO2 capture efficiency was only about 20%, but the experimental data was used 

to design an optimised system. 

                                                           
43 © CO2CRC 



 
 
 

CONFIDENTIAL 

 

Transformational Technologies for Victoria’s Low Emissions Future ● 48 

 

 

                                        

Figure 8.3: CO2CRC pilot plant trials at Hazelwood power station44 

 

This process included a novel strategy for continuous precipitation of the potassium carbonate, to 

increase the driving force for CO2 removal and reduce the parasitic energy load. An economic 

evaluation of this process, known as ‘UNO MK 3’, suggested that it was likely to be about half the cost 

of using conventional monoethanolamine (MEA) solvent.  

 Refinement of the UNO MK 3 process 

This project, ‘CO2CRC’s Carbon Capture Technologies in Brown-Coal-Fired Power Plants (CCT-

BCFPP) - capture demonstration for cost reduction’, was led by Dr Abdul Qader of the CO2CRC, in 

collaboration with GDF SUEZ Hazelwood and Process Group. The objective of the project was to 

demonstrate the UNO MK 3 concept at pilot scale (Figure 8.4) and develop a comprehensive process 

model to facilitate further scale-up. The project involved a series of campaigns, in which different 

process modifications were evaluated. These included performance evaluation of alternative absorber 

configurations (Sulzer structured packing, WES frother absorber column and the TurboScrubber® 

system), as well as different solvent formulations. 

                                                           
44 © CO2CRC 
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Figure 8.4: UNO MK 3 pilot plant at Hazelwood power station45 

 

Operational data from the pilot plant operating on flue gas from the Hazelwood power station was 

analysed using a comprehensive simulation model for the precipitating potassium carbonate system. 

Limitations of the pilot plant equipment meant that the full potential of the technology could not be 

demonstrated. Maximum CO2 capture efficiency was 50% at best, and persistent foaming problems 

prevented long-term stable operation. However, the process simulation model was successfully 

verified, and was used to inform the design for the next stage of scale-up. 

Outcomes of this project included a comprehensive model to facilitate scale-up, along with designs for 

full-scale equipment items including contactors, exchangers and solids removal devices, ready for 

commercial development (Figure 8.5). 

                                                           
45 © CO2CRC 
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Figure 8.5: Configuration of UNO MK 3 system46 

 

Updated modelling of the UNO MK 3 process retrofitted to a 500 MW lignite-fired power station 

showed that it should be more cost effective than amine solvents. A life cycle assessment showed 

that UNO MK 3 is more environmentally benign than amines. 

Following this project, the CO2CRC licensed UNO MK 3 for commercialisation to a spin-off company, 

UNO Technology47. Since the completion of BCIA-funded research, significant improvements in CO2 

capture efficiency have been achieved with the use of a promoter48, and the absorber has been 

modified to allow the process to run at much higher solids concentrations.  

 

8.4 CSIRO AMINE ADSORPTION SYSTEMS 

 CSIRO post-combustion capture pilot plant at AGL Loy Yang power station 

This project, ‘Latrobe Valley Post-Combustion Capture (LVPCC) Project – CSIRO stream’, involved 

CSIRO evaluation of amine solvent CO2 capture from power station flue gas at AGL Loy Yang. The 

pilot-scale trials (Figure 8.6) had the following objectives. 

                                                           
46 © CO2CRC 
47 http://unotech.com.au 
48 Hooper, B. (2018, October). Faster, higher, stronger: A winning solution for a precipitating potassium 
carbonate capture system. In 14th Greenhouse Gas Control Technologies Conference Melbourne (pp. 21-26). 
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 To evaluate monoethanolamine (MEA) solvent and four new amine solvent blends. 

 To investigate the use of two separate absorber columns. 

 To validate a simulation model for the absorber. 

 To understand the degradation kinetics of MEA solvent. 

                                          

Figure 8.6: CSIRO post-combustion capture pilot plant at AGL Loy Yang power station49 

 

Each of the four new solvents was able to capture 80% - 90% of the CO2 from the flue gas. One of the 

amine blends required significantly less heat duty in the stripper reboiler, while maintaining good CO2 

sorption/desorption kinetics, translating to an overall lower energy penalty for CO2 capture.  

This project demonstrated the value of fine-tuning the solvent composition to achieve optimal 

performance with minimum energy penalty.  

 CSIRO and IHI Corporation collaboration on the PICA pilot plant 

This project, ‘Evaluation of advanced PCC process and equipment with two advanced liquid 

absorbents for application in Victorian lignite fired power stations’, was led by Dr Erik Meuleman and 

Mr Aaron Cottrell of CSIRO, in collaboration with AGL Loy Yang and IHI Corporation of Japan. The 

project involved the installation and operation of a $1 million Japanese-built post-combustion capture 

pilot plant at Loy Yang power station (known as the PICA pilot plant), which was the first such pilot 

                                                           
49 © CSIRO 
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plant in Victoria to operate around the clock. The pilot plant was used for a two-year evaluation of two 

advanced liquid absorbents, two advanced process designs and an advanced gas/liquid contactor.  

In the first year, IHI Japan designed and manufactured a 0.5 tonnes per day CO2 capture pilot plant - 

incorporating an advanced, low-pressure packing material. The plant was transported to Australia for 

re-commissioning at AGL Loy Yang Power station in the Latrobe Valley (Figure 8.7).  

                                                

Figure 8.7: IHI Corporation’s PICA pilot plant at AGL Loy Yang power station50 

 

Parametric studies of proprietary IHI and CSIRO amine-based absorbents were undertaken in the 

pilot plant, to determine the minimum thermal energy requirement for liquid absorbent regeneration for 

the two selected absorbents and two process configurations. Each of these studies involved 

continuous operation for 5,000 hours to assess the performance and robustness of the two liquid 

absorbents under lignite flue gas conditions. 

One of the goals of the project was to demonstrate that a combination of improved amine solvents 

and IHI’s proprietary process configuration could reduce the reboiler duty to 2.5 MJ/kg CO2 captured, 

representing a potential 40% reduction in operating costs compared with conventional MEA solvent. 

                                                           
50 © CSIRO 
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The reboiler duty with IHI’s ISOL-162 solvent was 2.73 MJ/kg-CO2, while CSIRO’s CAL008 solvent 

achieved 2.6 MJ/kg-CO2, representing potential operating cost savings of 34% and 38%, respectively. 

Overall, the outcomes of this project were generally optimistic about safely and economically 

capturing CO2 from lignite-fired power station flue gas. 

 CSIRO’s CS-Cap process 

The objective of this project, ‘Combined low-cost pre-treatment of flue gas and capture of CO₂ from 

lignite-fired power stations using a novel integrated process concept – coCAPco’, was to develop a 

new absorber system to allow simultaneous capture of SO2 and CO2. This was intended to allow post-

combustion capture to be implemented effectively in Australia without the need for an expensive 

preliminary desulphurisation step. The project was led by AGL Loy Yang, with the research being 

conducted by CSIRO.  

Part of this project involved an investigation of a novel post-combustion capture process configuration 

developed by CSIRO, dubbed ‘CS-Cap’ (Figure 8.8). In this patented process, both CO2 and SO2 are 

removed using a single column and a single solvent. CO2 is absorbed using the bulk of the solvent in 

the upper section of the column while SO2 is absorbed in a fraction of the solvent in the lower section 

of the column. The concentrated SO2 stream can be recycled, while the bulk of the solvent remains 

SO2 free. 

 

Figure 8.8: CSIRO CS-Cap process51 

 

                                                           
51 © CSIRO 
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CSIRO CS-Cap process was able to capture over 90% of the CO2 in the flue gas and all of the SO2, 

irrespective of the concentration in the flue gas. A model for the sulphur chemistry as a function of 

SO2, CO2 and absorbent composition was validated. The technology was shown to have the potential 

to capture SO2 and CO2 simultaneously, eliminating the need for a separate flue gas desulphurisation 

step. 

 Further development of the CS-Cap process 

This project, ‘Combined low-cost pre-treatment of flue gas and capture of CO₂ from lignite-fired power 

stations using a novel integrated process concept; closing the sulphur loop (coCAPco2)’, led by Dr 

Ashleigh Cousins of CSIRO, built upon the previous BCIA-funded coCAPco project. The project 

examined the feasibility and cost-effectiveness of a range of methods for regeneration of SO2-loaded 

amine solvent, including crystallisation and alternatives such as nanofiltration, electro-dialysis, ion-

exchange and distillation. The goal was to determine the best option for scale-up in CSIRO’s CS-Cap 

process. 

Research on alternative solvent regeneration methods was undertaken by Ms Bharti Garg, a PhD 

student at Federation University Australia, Churchill, using SO2-loaded amine solvent produced at 

CSIRO’s pilot plant at AGL Loy Yang power station. 

Evaluation of alternative regeneration methods led to the identification of both thermal reclamation 

and reactive crystallisation as promising candidates. Experimental data was gathered for each 

approach, which was then used in the construction of simulation models for each using Aspen Plus 

software. Techno-economic models were established for each method, benchmarking against 

available literature data. 

The results achieved in this project were promising, although limited by the need to extrapolate from 

bench-top experimental data. Preliminary economic analysis showed that CS-Cap, using either 

thermal reclamation or reactive crystallisation, would incur a lower capital cost than installing a 

separate desulphurisation unit on a lignite-fired power station. However, operating costs were found 

to be higher, due to the caustic needed for pH adjustment. It is possible that the operating cost could 

be reduced by process optimisation at pilot scale.  

The project achieved its objective of advancing the CS-Cap process to be ready for pilot scale 

evaluation. It confirmed the potential to apply the CS-Cap process to Australian coal-fired power 

stations. The initial cost analysis suggests that the CS-Cap process may lower the cost of CO2 

capture from Australian coal-fired power plant compared to current conventional technologies. 
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9 CO2 Recycling 

9.1 INTRODUCTION 

A variation on the theme of CCS is Carbon Capture and Utilisation (CCU), in which the captured CO2 

is converted into other products with higher economic value (e.g. methanol, plastics, concrete, and 

reactants for various chemical synthesis). This is also known as ‘CO2 recycling’. The aim of CO2 

recycling is to reduce overall net emissions of greenhouse gases by recycling captured CO2 back into 

the production chain.  

As a strategy for abatement of CO2 emissions, CCU will never be able to operate at the same scale 

as CCS. However, CO2 recycling is a strategy for turning a profit from something currently seen as a 

waste with no value. Converting a portion of the captured CO2 into a higher value product could help 

to reduce the overall cost of CCS. 

In Victoria, the Hydrogen Energy Supply Chain (HESC) project (Section 6.3.2.1) and the CarbonNet 

project (Section 8.1.1) are together expected to lead to the creation of a large-scale hydrogen export 

industry by the mid-2030s. At this time, the Latrobe Valley is expected to be rich in inexpensive 

hydrogen, have an operational CO2 pipeline and a thriving renewable energy industry. These 

resources will provide opportunities for conversion of CO2 to value-added products, creating new 

business opportunities in Victoria. 

Capitalising on these opportunities will require a preceding period of research and development. For 

commercial outcomes in 10-20 years’ time, the R&D needs to get under way now. To this end, ACI 

undertook a study of CO2 recycling on behalf of its members and the public, resulting in a report 

‘Opportunities for Carbon Dioxide recycling in Victoria’. This report is freely available from the ACI 

website.52 

In most developed countries, there are research programs under way to develop new products and 

processes based on CO2 recycling. CO2 is a simple but very stable molecule that can be used in a 

surprisingly large number of ways, employing a wide variety of reaction chemistries (Figure 9.1). 

Rapid progress is being made, with commercial developments in a range of fields by companies such 

as Carbon Cure Technology, Asahi Kasei, Covestro, Novomer, SK Innovation, Carbon Recycling 

International, ETOGAS, Sunfire, LanzaTech, Newlight Technologies, C4X and EnPro. 

                                                           
52 https://www.acinnovation.com.au/aci-reports 
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Figure 9.1: Pathways to utilisation of carbon dioxide53 

 

‘Opportunities for Carbon Dioxide recycling in Victoria’ described the current state of the art for 

potential CO2 recycling technologies and charted a pathway for feasible opportunities in the short and 

long term for the Latrobe Valley and Victoria more broadly. It identified opportunities to create new 

industries that could provide employment in skilled, high paid, interesting, hi-tech jobs, making the 

Latrobe Valley a more desirable place to live and work. This approach links with the Regional Carbon 

Innovation Centre, described in Section 10 below. 

The report recommended 15 prospective technologies that warrant further investigation. Some of the 

highlights are as follows. 

 Direct use of CO2 to boost plant growth and productivity in glasshouse horticulture. 

 Production of valuable extracts using supercritical CO2 as a solvent. 

 Catalytic conversion of CO2 and hydrogen to methanol, and on to dimethyl ether (DME) and 

dimethyl carbonate (DMC). 

                                                           
53 Jarvis, S. M., & Samsatli, S. (2018). Technologies and infrastructures underpinning future CO2 value chains: A 
comprehensive review and comparative analysis. Renewable and Sustainable Energy Reviews, 85, 46-68. 
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 Microbial conversion of CO2 and hydrogen to food-grade protein or the bioplastic poly(3-

hydroxybutyrate). 

Each of these opportunities is briefly discussed below. 

 

9.2 GLASSHOUSE HORTICULTURE (current project supported by ACI) 

Gaseous CO2 is widely used as a supplementary nutrient in commercial glasshouses to boost crop 

productivity. The benefits of CO2 supplementation on plant growth and production within the 

glasshouse industry environment have been well understood for many years. Supplementary CO2 

increases productivity through earlier flowering, higher fruit yields, reduced bud abortion in roses, 

improved stem strength and flower size. 

Carbon dioxide can be obtained either by burning carbon-based fuels or directly from tanks of pure 

CO2. The most common method is to burn natural gas, propane or liquid fuels in specialised CO2 

generators located throughout the glasshouse. 

                               

Figure 9.1: Glasshouses are enriched with CO2 for improved plant productivity 

 

CSIRO and the Japanese company IHI Corporation have successfully operated a joint CO2 capture 

pilot plant at AGL Loy Yang power station (shown in Section 8.1.5.2 above). IHI is interested in taking 

the technology along the next step to commercialisation, by scaling up tenfold to a 200t/d 

demonstration plant. In the absence of a CO2 pipeline and geosequestration option, IHI is 

investigating the opportunity to sell the produced CO2 to a local glasshouse horticulture business, 

Flavorite Tomatoes in Warragul.  

ACI is supporting this investigation through a new project, ‘Feasibility study of CO2 capture plant and 

heat integrated glasshouse facility at AGL Loy Yang power station’. This involves a 12 month 

feasibility study, to be undertaken by CSIRO, to assess the technological and economical 
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requirements of implementing the 200t/d plant at Loy Yang and three different options for supplying 

CO2 to local glasshouses. This project is jointly funded by the Victorian government and ANLEC R&D. 

 

9.3 SUPERCRITICAL CO2 EXTRACTION 

Supercritical carbon dioxide (s-CO2) is a fluid state of carbon dioxide where it is held at or above its 

critical temperature (31.10 oC) and critical pressure (7.39 Mpa). Under these conditions, CO2 exhibits 

properties midway between a gas and a liquid. 

Supercritical CO2 is becoming an important commercial and industrial solvent. Unlike many organic 

solvents, S-CO2 is non-flammable. It is inert, non-toxic and has a relatively low cost. Dissolved 

compounds can be recovered from S-CO2 simply by reducing the pressure and/or increasing the 

temperature, leaving the recovered product free of residual solvent. The general process of S-CO2 

extraction is shown in Figure 9.2. S-CO2 extraction produces high-grade extracts and is accepted for 

manufacture of organic food products. 

 

                     

Figure 9.2: The supercritical CO2 extraction process54 

 

This technology can produce high value colours, oils and food extracts using off-the-shelf commercial 

equipment, as is being done commercially by Essential Oils of Tasmania and Extracts Limited of New 

Zealand. In the Latrobe Valley, it might be envisaged that a business could be established to extract 

antioxidants from food wastes, essential oils from lavender and other flowers, or specialty ingredients 

from Australian native foods.  

                                                           
54 Laitinen, A. (1999). Supercritical fluid extraction of organic compounds from solids and aqueous solutions. 
Technical Research Centre of Finland. 
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For example, the Latrobe region produces a wide range of vegetables such as leafy vegetables, 

potatoes, beans, sweet corn, broccoli, asparagus, snow peas and tomatoes. Inevitably, production of 

such products involves a degree of wastage, with off-specification product usually being disposed of 

as stock feed. S-CO2 processing can potentially be used to produce high value food additives from 

such materials, such as natural colours, and antioxidant-rich powders. For example, the red pigment 

lycopene can be extracted from tomato waste55 and antioxidant phenolic compounds from 

asparagus56. 

Similarly, the Latrobe region is home to a number of flower farms. S-CO2 extraction can be used to 

extract essential oils and aromas from flowers. For example, lavender essential oil is commercially 

produced using S-CO2 extraction57. 

This particular application of S-CO2 extraction does not require R&D for technology development. 

Rather, it requires research to investigate the business opportunity for the creation of a local 

enterprise. A separate study is recommended to examine the business case for a S-CO2 extraction 

facility in the Latrobe Valley. 

Another potential application of S-CO2 extraction that does warrant evaluation through R&D is the 

extraction of tarry hydrocarbon products from Victorian lignite. It is known that extraction of Loy Yang 

lignite with the organic solvent cyclohexane produces a tarry material that can be used to produce 

carbon fibres58. Similarly, researchers at the University of Wyoming have recently shown that S-CO2 

extraction of sub-bituminous coal produces a tarry material that can be used in the production of 

carbon fibres59, as shown in Figure 9.3. 

                                                           
55 Kehili, M., Kammlott, M., Choura, S., Zammel, A., Zetzl, C., Smirnova, I., ... & Sayadi, S. (2017). Supercritical 
CO2 extraction and antioxidant activity of lycopene and β-carotene-enriched oleoresin from tomato 
(Lycopersicum esculentum L.) peels by-product of a Tunisian industry. Food and Bioproducts Processing, 102, 
340-349. 
56 Solana, M., Boschiero, I., Dall’Acqua, S., & Bertucco, A. (2015). A comparison between supercritical fluid and 
pressurized liquid extraction methods for obtaining phenolic compounds from Asparagus officinalis L. The 
Journal of Supercritical Fluids, 100, 201-208. 
57 Danh, L. T., Triet, N. D. A., Zhao, J., Mammucari, R., & Foster, N. (2012). Antioxidant activity, yield and 
chemical composition of lavender essential oil extracted by supercritical CO2. The Journal of Supercritical 
Fluids, 70, 27-34. 
58 Li, X., Zhu, X. Q., Okuda, K., Zhang, Z., Ashida, R., Yao, H., & Miura, K. (2017). Preparation of carbon fibers 
from low-molecular-weight compounds obtained from low-rank coal and biomass by solvent extraction. New 
Carbon Materials, 32(1), 41-47. 
59 Liu, F. J., Gasem, K. A., Tang, M., Goroncy, A., He, X., Huang, Z., Sun, K., & Fan, M. (2018). Mild degradation of 
Powder River Basin sub-bituminous coal in environmentally benign supercritical CO2-ethanol system to 
produce valuable high-yield liquid tar. Applied Energy, 225, 460-470. 
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Figure 9.3: Use of S-CO2-ethanol extraction to produce raw materials for chemicals and carbon fibres60 

 

As mentioned in Section 4.2 above, ACI is currently supporting a collaborative project between 

Monash and Deakin Universities, to produce test batches of carbon fibre from a range of lignite 

extracts. Deakin University’s Carbon Nexus has the infrastructure needed to develop carbon fibre 

technology from laboratory through to production scale.  

Supercritical CO2 extraction could potentially facilitate the production of a lignite extract for carbon 

fibres using an environmentally friendly, benign solvent. The same equipment could also be used to 

produce feedstock for production of graphene, bioplastics and other valuable products. A research 

program to investigate this opportunity is recommended. 

 

9.4 CATALYTIC PRODUCTION OF METHANOL, DME AND DMC 

Methanol is one of the most important commodities in the chemical industry. Methanol is also being 

investigated as a fuel and as a hydrogen storage medium. 

Methanol can be synthesised at high temperature and pressure by hydrogenation of CO2 using 

commercial catalysts. Mitsui Chemicals, Carbon Recycling International and BSE Engineering have 

successfully demonstrated this process at industrial pilot scale. Hence the hydrogenation of CO2 to 

methanol is a relatively mature technology. 

However, in most instances this process will not be cost-competitive with existing fossil-derived 

methanol, so it necessary to develop more effective catalysts and systems so that it can proceed 

under milder operating conditions. 

                                                           
60 Liu, F. J., Gasem, K. A., Tang, M., Goroncy, A., He, X., Huang, Z., Sun, K., & Fan, M. (2018). Mild degradation of 
Powder River Basin sub-bituminous coal in environmentally benign supercritical CO2-ethanol system to 
produce valuable high-yield liquid tar. Applied Energy, 225, 460-470. 
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Techno-economic studies of methanol synthesis have suggested that an inexpensive source of CO2-

free hydrogen is essential, and the poor process economics could be improved by upgrading 

methanol to higher-value derivatives such as dimethyl carbonate (DMC) and dimethyl ether (DME). 

DMC has an important role in the chemical industry as a low toxicity solvent, and DME is an emerging 

low emissions fuel. 

The University of Melbourne has a portfolio of projects aimed at developing catalysts and systems 

that will reduce the energy penalty of methanol production from CO2, so that it can be more cost 

effective and better integrated with renewable energy sources. Further development and refinement 

of this technology is recommended. 

Research projects are currently under way at Monash University to develop catalytic routes for DMC 

and dimethyl ether (DME) synthesis from CO2 and syngas. Since DMC and DME are both value-

added products derived from methanol, support for further research in this area is justified. 

 

9.5 MICROBIAL PRODUCTION OF PROTEIN AND BIOPLASTIC 

Gas-phase fermentation is a way to perform complex chemical conversions under benign conditions, 

using microbes to do the hard work. This a novel process is being actively developed overseas by 

Electrochaea, LanzaTech, Newlight Technologies, Oakbio and Kiverdi. For example, in the USA, 

Newlight Technologies, Inc. is finding commercial success with its new AirCarbon® polymer, based 

on poly(3-hydroxybutyrate) fermented from methane.  

An opportunity exists to use the hydrogen-oxidising bacteria, Cupriavidus necator, to convert CO2 and 

hydrogen to biomass and poly(3-hydroxybutyrate). The biomass of Cupriavidus necator can be 

processed into high quality protein, which could be further upgraded to a variety of food products, for 

both human and animal consumption. Using this process to convert waste CO2 into valuable food 

products would seem to have huge potential and is worthy of further investigation. 

Poly(3-hydroxybutyrate) is a biodegradable plastic that accumulates in certain bacteria under growth-

limiting conditions and is an attractive substitute for conventional petrochemical plastics. Its unique 

features are its rapid biodegradability, low toxicity, and biocompatibility, making it suitable in medical 

applications (e.g. drug delivery systems, wound management, tissue repair) and food packaging. 

Support for early-stage research on poly(3-hydroxybutyrate) production from CO2 by hydrogen-

oxidising bacteria is recommended. 
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10 Regional Carbon Innovation Centre 

Australia ranks the lowest across OECD countries in terms of collaboration between industry and 

research61. CSIRO has identified62 that the costs of collaboration can be lowered by creating 

collaborative hubs where multiple businesses and research teams are brought together. This not only 

lowers the supporting infrastructure cost for each project, but stimulates cross-fertilisation of ideas 

and entrepreneurship. 

Collaborative technology hubs also help to bridge the ‘valley of death’ for technology 

commercialisation. As shown in Figure 10.1, a common problem in technology commercialisation is 

the funding gap between early stage university research (often funded by governments) and private 

sector support for commercialisation. Good technologies often fail to progress because of a lack of 

funding for pilot-scale demonstration research. Collaborative technology hubs lower the costs and 

risks of pilot-scale demonstrations by providing a shared space for testing and product proofing, with 

access to appropriate feedstock handling, storage, waste management systems and laboratory 

space. 

 

Figure 10.1: Gap in manufacturing innovation 

 

In Victoria, generation of baseload electricity from lignite is on the decline and a coordinated and 

proactive response is required to transition the Latrobe Valley economy to a low emissions future. The 

                                                           
61 Ferris, B. et al. (2016). Review of the R&D Tax Incentive. Department of Industry, Innovation and Science, 
Canberra 
62 https://www.csiro.au/en/Do-business/Futures/Reports/Advanced-manufacturing-roadmap 
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Gippsland Regional Growth Plan63 produced by Regional Development Victoria (RDV) sets out a 

series of 10 principles to achieve the growth visions for the region. First among those principles is the 

desire to attract new innovation investment within regional industry. 

As highlighted in this report, a range of opportunities exist to convert lignite into high value carbon 

products. To support and accelerate the development of these opportunities, a collaborative 

technology hub, known as the Regional Carbon Innovation Centre (RCIC), has been proposed for the 

Latrobe Valley.  

Facilities like the proposed RCIC exist in a number of regions across the globe. Where they have 

proved to be successful, government has played a key role in providing the initial support to enable 

establishment of the Centre. 

The RCIC was selected as one of the top three initiatives for the whole of the Gippsland region during 

the Regional Partnership community consultation process in 2018.  It has also been identified as a 

priority project in the current Community for Gippsland (C4G) Strategic Plan. The RCIC concept has 

received strong support from Regional Development Australia, Regional Partnerships, Latrobe City 

Council, and from more than 17 separate local and international industry organisations.  

The RCIC would be a physical collaborative hub for innovation, research and development that 

provides organisations the opportunity to develop early stage technologies to a demonstration and 

pre-commercialisation stage. The centre would focus on products and technologies that address 

emerging and established markets including agricultural products, advanced carbon materials, high 

value chemicals including hydrogen and alternative fuels and technologies for carbon capture 

utilisation and storage. 

In 2018, ACI and Federation University commissioned GHD to undertake a feasibility study for the 

RCIC, co-funded by Regional Development Victoria. The resulting report, ‘A Regional Carbon 

Innovation Centre (RCIC) Feasibility Study’,64 identified some compelling economic, social and 

environmental benefits that could be a derived from establishment of a RCIC. 

 Significant regional job creation with a target of over 1000 jobs in next-generation industries and 

allied services. 

 An ability to accelerate transition from the regions declining energy industry and the 

commensurate decline of the current support industries that provide a significant proportion of the 

region’s employment through development of a low emissions carbon products economy. 

 Ability to leverage a ready-made workforce for this new form of economy through retraining, 

education and investment existing workers in the region enabling commercialisation of innovative 

products and process technologies using the core natural resources of the Latrobe region to drive 

significant economic growth. 

                                                           
63 https://www.planning.vic.gov.au/__data/assets/pdf_file/0026/94544/Gippsland-Regional-Growth-Plan-
May-2014.pdf 
64 https://www.acinnovation.com.au/aci-reports 
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 Establishment of the RCIC would provide a flagship through which to market the region’s assets, 

new knowledge economy, skills and smart specialisation methods and thinking 

The feasibility study showed that government investment of $25-30 million with gated funding 

releases over the next 3 to 5 years would be required to support the development of a successful 

RCIC. The investment process should proceed in accordance with the project development 

methodology outlined in the feasibility study report. 

The next step toward establishment of the RCIC is the development of a detailed Business Case to 

justify further investment. ACI is seeking to support the Business Case development, as a necessary 

step toward a new generation of investment, growth and jobs for Gippsland and the Latrobe Valley. 

  



 
 
 

CONFIDENTIAL 

 

Transformational Technologies for Victoria’s Low Emissions Future ● 65 

 

 

11 Conclusion 

ACI is confident that there can be a bright future for Victorian lignite while we transition toward the 

inevitable closure of the existing power stations. The examples of advanced carbon materials and low 

emissions technologies that have been highlighted in this report demonstrate the potential value to 

the State in developing its lignite reserve as a source of low emissions carbon instead of dirty energy.  

It is clear that low emissions carbon products and products of gasification, coupled with CO2 capture, 

recycle and storage, offer a way to continually gain economic benefit from Victoria’s lignite resource 

as we transition toward a zero emissions future. 

ACI is seeking continued R&D investment by the Victorian government in these technologies and 

products, to help create a prosperous future for the communities in the Gippsland region and bring 

economic benefit to the state. The industries that could arise from such research would provide 

employment in skilled, high paid, interesting, hi-tech jobs, making the Latrobe Valley a more desirable 

place to live and work. 

ACI has a proven track record in management of lignite research on behalf of the Victorian and 

Commonwealth governments. It has a strategic vision for utilising Victoria’s largest natural resource, 

six billion tonnes of easily accessible carbon, in an environmentally responsible manner. It also has 

the proven management structure and processes in place to manage the associated risks. 

The research that BCIA / ACI has been fostered over the past decade has created a pool of talented 

expertise, primed to take advantage of the opportunities opening up. There are cutting-edge projects 

already under way, laying a foundation for future developments. 

ACI is working toward a possible future in which a Regional Carbon Innovation Centre is established 

in the Latrobe Valley. This could host a pilot gasification plant to demonstrate production of methanol, 

DME and DMC. It could recycle captured CO2 and use it to extract a carbon fibre precursor from 

lignite. It could house an education centre to keep the public informed about the latest developments 

in the coming hydrogen economy. Most importantly, it would bring hope to the Latrobe Valley 

community that there is reason to be optimistic about the future, and provide motivation for local youth 

to train in the skills needed in the emerging new industries. 

What is urgently needed now is the vision and the willingness to capitalise on these opportunities, and 

financial support for commercially-focussed research and development. The initial investment to ‘kick 

start’ these new carbon industry sectors must come from government, particularly in the research and 

smaller scale demonstration phases. Past experience has shown that industry will invest when the 

government demonstrates its confidence in the sector. 

 


