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1 July 2020 – 30 June 2021

Otway National Research Facility 
becomes Otway International Test 
Centre

Welcomed Eni as a member of 
CO2CRC

The Otway Stage 3 Project injected 
15,000t of CO2. Using novel 
technologies and methodologies, as 
little as 300 tonnes was detectable

Monitoring data from the Otway 
International Test Centre can now be 
collected at a push of a button and 
transferred anywhere in the world

CO2CRC handed over the gas refining 
and hydrogen purification process 
skids to JPower after successfully 
producing 99.999% pure hydrogen

CO2CRC presented several papers 
at the IEAGHGT-15 and APPEA 
conferences
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CO2CRC’s study into CO2-EOR 
potential in Australia identified 1-3Gt 
of prospective CO2 storage

CO2CRC became an active member 
of the Gippsland Hydrogen Cluster 

CO2CRC launched CO2Tech, 
offering multi-disciplinary technical 
consultation, advisory and project 
management services across the 
CCUS value chain

CO2CRC provided input into the 
method development for CCS 
projects to become eligible to claim 
Australian Carbon Credit Units by 
the Clean Energy Regulator

CO2CRC delivered in-depth training 
across the whole CCUS value chain 
to Santos  

Highlights
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* The terms CCS (carbon capture and storage) and CCUS (carbon 
capture, utilisation and storage) are both used in this document and are 
interchangeable. 

A global 
leader in CCS 
research
Operating since 2003, CO2CRC is a world leader 
in carbon capture, utilisation and storage (CCS) 
research. It is an incorporated not-for-profit research 
organisation (company limited by guarantee) funded 
through government grants, membership fees and 
direct investments from industry and research bodies. 

CO2CRC owns and operates the Otway International 
Test Centre located in Nirranda South, south-west 
Victoria, Australia. It has been at the forefront of 
Australian advances in CCS for over 15 years. To 
date over $100 million has been invested in the 
Otway facility to demonstrate real-world capture, 
injection, storage and monitoring techniques.

CO2CRC is Australia’s key designer, initiator, 
and manager of CCS research. It is the first 
company in Australia that demonstrated CCS 
end-to-end. It brings together the world’s best 
scientists, engineers and industry leaders to 
advance the implementation of CCS worldwide.



The world’s leading CO2 
storage technology centre, 
globally recognised for 
innovative carbon capture 
and utilisation solutions.

Our 
values

Our 
mission

Our 
vision

Excellence
Integrity
Delivery

Add value to customers by 
testing, developing and 
demonstrating CCUS 
research, products and 
services as viable options 
for a lower emissions future.



At the end of the last financial year Melbourne, and indeed 
the rest of Australia, was in the midst of the COVID-19 
global pandemic. While Australia was hunkering down for 
winter, northern hemisphere countries were opening for 
summer and there was hope in Australia that come our 
summer we too would be enjoying similar opportunities. 

However, the easing of restrictions has not been straight 
forward. Across Australia in different States and even 
cities, people have had to adapt to the ever-changing 
nature of mitigation strategies to prevent the spread of 
COVID-19. Despite these obstacles, in collaboration with 
our industry, university, and research partners we have 
been able to keep our research programs on track.

When planning for our largest research project to date, 
a global pandemic was not high on the risk matrix. 
Fortunately, the research program was remarkably robust 
against the challenges of a global pandemic. If anything, it 
has been a driver to speed up certain areas of research. 
The on-demand element of the monitoring program 
was always planned, but the extent to which it could be 
operated remotely and autonomously was unknown. 

Travel restrictions forced us and our research partners 
to think of solutions quickly and we are incredibly 
proud of the outcomes that have been achieved. To 
sum it up, we are now able to autonomously acquire 
new seismic images of the subsurface every two 
days from the Otway International Test Centre and 

transfer the data to anywhere in the world, with plume 
identification within a week. A process that used to 
take months can now be done in less than two weeks. 

Notwithstanding the focus on our Stage 3 project, there 
were notable achievements across CO2CRC’s wider 
research portfolio:

 > Following on from last year’s successful world first 
demonstration of membrane gas-solvent contactors 
on the Vales Point power plant, NSW, CO2CRC and 
The University of Melbourne used the data collected 
from the demonstration to develop simulation models 
to conduct techno-economic studies. We are upscaling 
the data from 50kg/hr to a commercial rate of 80t/
day to analyse the techno-economics and validate 
earlier estimations of below $30/t for CO2 capture. 

 > We undertook an Asian Development Bank funded 
project investigating the decarbonisation potential 
of the Indian Oil Corporation Limited’s refineries. 
Depending on the market for food grade CO2 and 
the cost of electricity, we found that there is good 
potential to decarbonise the refineries by capturing 
the CO2 emissions, purifying it to food grade, and 
selling it to food and beverage companies. This is 
the first time we have done a study such as this on a 
refinery and the knowledge developed on this study 
can be applied to refineries around the world.

Chairman and 
CEO’s report
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 > Continuing to expand our research into other low 
emission technologies we have begun two novel 
studies into a Carbon Negative Biorefinery (CNB) 
concept in Australia, and a Circular Bioeconomy and 
Hydrogen Utilisation Hub (CBHUB). Both studies 
investigate negative emission technologies, with the 
concept of the CNB informing the potential deployment 
of a CBHUB for research, piloting and demonstrating 
the production of net negative emission platform 
chemicals for use in bioplastics and other value add 
products. 

 > Our industry-led landmark study into the potential 
for Enhanced Oil Recovery using CO2 (CO2-EOR) 
in Australia has estimated 1-3Gt of CO2 could be 
permanently stored in prospective geological basins. 
This supports significant emissions reduction, but also 
the creation of new jobs, delay to decommissioning 
costs, and generation of additional revenue for the 
Australian Government. 

 > As part of the Hydrogen Energy Supply Chain 
(HESC) Project, CO2CRC successfully handed over 
the hydrogen purification skid, having successfully 
produced 99.999% pure hydrogen. CO2CRC is 
delighted to be playing a part in a project which aims  
to create a new hydrogen export industry for Australia. 

 > Over the last year we welcomed the large multinational 
Italian energy company, Eni as a member of CO2CRC 
and progressed further discussions with several other 
international companies. With the need to address 
carbon emissions growing, we have seen an increased 
interest in CO2CRC’s research and solutions. To meet 
the growing customer need for multi-disciplinary 
technical consultation, advisory and project 
management services across the whole CCUS value 
chain, we launched CO2Tech, a technical advisory and 
consultancy services company.

 > There were several announcements by the Federal 
Government this year in support of low emissions 
technology and CCUS. The $50 million CCUS 
Development Fund was launched and awarded to six 
successful applicants, including CO2CRC member 
company, Santos. To support the Federal Government’s 
Technology Investment Roadmap, additional funding of 
$539.2 million for clean hydrogen and CCUS projects 
and a further $565.8 million for new international low 
emissions technology partnerships was announced. 

 > Working in collaboration with our research institutions, 
industry members and government, CO2CRC is at the 
forefront of delivering CCUS technology solutions with 
the potential to contribute to Australia’s successful 
energy transition and deliver on our emissions 
commitments. Through our world class Otway 
International Test Centre, we are demonstrating leading 
international collaboration on delivering technology-
driven solutions to reduce the cost of deploying CCUS. 

 > CO2CRC established CO2Tech, a wholly-owned 
subsidiary company, to provide technical advisory 
and consultancy services. CO2Tech allows CO2CRC 
Limited to offer our industry partners and customers, 
tailored solutions while preserving commercial 
confidentiality. 

Despite the challenging circumstances of this past year, 
the commitment and support for CCUS from government, 
industry, and researchers has been unwavering. 
Thinking about what can be achieved when times are 
tough provides great hope to what can be achieved as 
restrictions ease. 

In closing, we recognise the significant efforts of 
CO2CRC staff and our research partners in keeping 
the organisation and research on track as the unique 
challenges we all faced persisted throughout the year. 
We thank our funders, partners, members, and Otway 
landowners for their continued support and look forward 
to further opportunities to meet face to face next year. 

To our recently retired CEO, David Byers, we thank him for 
the huge contribution he made to CO2CRC and wish him 
and his family all the best for the future.

Martin Ferguson AM 
Chairman

Dr Matthias Raab 
CEO
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CO2CRC 
business 
strategy 

CO2CRC's 
business 
strategies

CO2CRC’s Business Strategy is built from the 
achievements of the past 17 years – applying the 
best scientific research to develop next generation 
technologies and operational methods that support the 
commercial deployment of CCUS.

Over the period 2020 to 2025, CO2CRC’s business plans 
are aligned under four strategic focus areas:

 > Optimising Storage

 > Reducing Capture Costs 

 > Enhancing CO2 Utilisation

 > Collaboration and Leadership

Development plans for individual projects under each 
area are long-term in nature but sufficiently dynamic 
to allow the incorporation of new ideas and emerging 
technologies. This dynamic component has enabled 
CO2CRC to adapt to changes in industry conditions and 
focus on areas with the greatest opportunity. 

The strategy contemplates an expanded range of fee-
for-service offerings by CO2CRC across all four strategic 
focus areas in Australia and internationally. 

The diagram below highlights key projects or activities 
under each strategic focus area. 

A brief description of each area follows:

2. Optimising storage
The Optimising Storage Program of CO2CRC 
will develop new and innovative technologies and 
enable the deployment of CO2CRC’s demonstrated 
technologies for commercial scale application. 

The Otway International Test Centre is the centre piece 
of CO2CRC’s business plan and key to developing 
national R&D capabilities, informing policy and regulatory 
settings and conducting community education. The 
facility, with the addition of the Otway Stage 3 Project, 
will enable CO2CRC’s demonstration of optimal 
storage technology solutions and pave the way for the 
commercial deployment of emerging storage research.

CO2CRC has built on these strengths to convert the 
Otway facility into an internationally prominent test centre 
for applied carbon capture and storage R&D – the Otway 
International Test Centre (OITC). The research facility 
will also be made accessible for global customers and 
researchers, across the various industry sectors pursuing 
CCUS technology applications to collaborate, trial and 
validate technology and processes at field scale. 

The unique infrastructure, surface equipment and 
knowledge of the subsurface allows the OITC to 
investigate other opportunities, such as supporting the 

CO2CRC Annual Report 2020/20216



S1 – Otway International Test Centre

Leverage Otway facility to internationally 
position it as the preferred centre to trial 
storage technologies, and expand CO2CRC’s 
capabilities for effective modelling and 
monitoring solutions.

S2 – New generation CO2 storage M&V

Develop commercially ready, cost effective 
and risk-targeted CO2 storage M&V solutions, 
using OITC validated technologies, enabling 
at scale and on-demand surveillance in 
onshore and offshore geological reservoirs. 

S3 – Cost effective storage appraisal and 
development

Develop streamlined, fit-for-purpose 
appraisal methods, and transformational 
technologies to cost-effectively manage CO2 
storage in alignment with national priorities.

S4 – Hydrogen geological storage at the 
OITC

Field scale demonstration of geological 
hydrogen storage to support an emerging 
hydrogen industry in Australia, and validate 
hydrogen storage and extraction processes.

S4 – Fee-for-service and project 
management services 

 – Deliver value for long-term projects - CCS 
projects, Future Fuels (Hydrogen)

 – Consultancy, RD&D, field trials and asset 
deployment

 – IP & knowledge sharing including 
the provision of datasets, models & 
methodologies.
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U1 – Lead an Australia-wide regional 
study to understand the potential  
for EOR.

U2 – EOR – Assess the EOR 
potential of selected fields in most 
prospective basins (Bowen, Cooper 
/Eromanga; Gippsland)

U3 – Industrial application of CO2 
Utilisation

 – Facilitate the development of 
a biorefinery industry in the LV 
starting with development of 
business case (biomass to fuel, 
energy & chemicals) 

 – R&D collaboration on converting 
CO2 to products, fuels and 
building products.

1 C1 – Gas separation & CO2 capture– 
membranes, adsorbents & hybrid 
systems

 – Materials testing at Otway 
International test Centre (Capture 
Facility)

 – Further develop selected 
membrane/adsorbent materials for 
high CO2 content gas

 – Techno-economics and upscaling 
studies to modularise hybrid 
membrane/solvent contactor 
technology for dilute, low pressure 
gas separation

 – Technologies that separate methane 
from CO2.

C2 – Developing hybrid CO2 
separation technologies to optimise 
separation under different conditions

 – Maximise participation in the 
Hydrogen Economy(HESC Project in 
LV, OITC, and other projects)

 – Expand fee-for-service offerings 
(project management, desktop 
studies, feasibility studies, 
technology development, field trials 
& monetisation of IP and datasets).
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4
 – Lead technical nexus & forum for 

the CCUS community in Australia

 – Provide expert CCUS advice for 
government industry, and key 
decision makers

 – Collaborate with Australian CCS 
community to overall CCUS 
advocacy leveraging technical 
proficiency and research track 
record (CO2CRC Policy Forum)

 – Provide training & education 
through CCUS courses

National Hydrogen Strategy by researching hydrogen 
storage, alongside the core of next generation 
CO2 storage monitoring and verification and cost 
effective storage appraisal and development. 

CO2CRC’s storage R&D program will focus on 
collaborative research in the following areas: 

 > Next generation CO2 storage M&V: This program 
aims to mature CO2 storage monitoring capabilities 
towards commercial application, enabling at scale 
effective and compliant life-of-project surveillance 
both onshore and offshore. A key storage monitoring 
example is the development of subsurface-
based monitoring through the Otway Stage 3 
project. Other key activities proposed in this focus 
area include developing an overarching storage 
monitoring workflow (methodology); assessing 
saturation and residual gas trapping; and conducting 
baseline and commercial assurance monitoring 
for the onshore and offshore environment.

 > Cost effective storage appraisal and development: 
This program aims to mature the modelling 
capability of appraising potential CO2 storage 
sites, optimising storage operations, and predicting 
long term fluid trapping processes. This will 
safely enhance storage of CO2 and improve the 
confidence in long term storage for both CCUS 
operators and regulators to enable ultimate 
closure of a storage site. Key activities proposed 
include effectively modelling a migrating plume’s 
distribution; maximising efficiency in use of storage 
reservoirs; and developing well integrity solutions. 

CO2CRC’s strategic areas
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4. Enhancing CO2 utilisation
There is a growing demand for the conversion of CO2 into 
value-added products to offset the cost of implementing 
CO2 capture and storage technologies: 

 > CO2CRC is conducting a major study on CO2 Enhanced 
Oil Recovery (CO2-EOR which is being undertaken in two 
phases. The first phase, led by CO2CRC in collaboration 
with Geosciences Australia and supported by LETA, has 
ranked Australian oil and gas basins for the potential 
use of CO2-EOR. The second phase of the project, 
supported by NERA, will provide insight on potential 
opportunities for CO2-EOR at the field level in Australian 
onshore basins – to enhance the recovery of oil and 
reduce greenhouse gas emissions through CO2 storage.

 > Other areas of focus include a feasibility study exploring 
the development of a carbon-negative biorefinery 
based on the valorisation of non-food biomass and CO2 
to produce biofuels and biodegradable plastics. The 
technology involves the fermentation of lignocellulose 
into platform chemicals which are then upgraded into 
biofuels and biodegradable plastics. The project will 
commence with a feasibility study for a demonstration 
scale plant and assess the development of a large 
commercial scale biorefinery and the impact on regional 
economies. 

 > Providing products and services along various aspects 
of the utilisation chain. Areas of current interest include 
micro-algae and the conversion of steel mill and industry 
exhaust gases into fuels, Further opportunities are 
currently under development. 

3. Reducing capture costs
CO2CRC’s capture research builds on the long-standing 
history of the organisation in developing innovative carbon 
capture systems. Since 2003, research and development of 
membrane, adsorbent, potassium carbonate-based solvent 
(precipitating and non-precipitating) and cryogenic capture 
technology has been undertaken at a range of scales from 
laboratory to demonstration scale.

Key areas of focus include: 

 > Progressing our membrane gas-solvent contactor 
technology. The reduced size of the equipment and 
the hybrid nature of capture technology could offer 
significant cost savings, with the next phase of research 
involving upscaling the pilot scale to larger modules. This 
technology has the potential to be applied low pressure 
and hard to abate industries to reduce capture costs 
and preliminary techno-economic studies estimate a 
reduction in CO2 capture cost of potentially below $30/
tonne CO2 

 > Focusing on developing adsorbents after successful trials 
at CO2CRC’s capture skid at the Otway International 
Test Centre. We operated the PSA facility up to 50 bar 
to separate CO2 from actual natural gas in first of its 
kind operation and the novel adsorbent HZ2 have shown 
~30% higher working capacity (meaning less material/
OPEX required) than commercial adsorbent. Early 
techno-economic analysis looks promising and will be 
more intensely evaluated after synthesis with higher rate 
pilot testing is completed.

 > Supporting the National Hydrogen Strategy:

 — Achieving 99%+ CO2 capture from fossil fuel-based 
H2 production. Achieving 50 – 60% CO2 capture 
rates (i.e., process related emissions) from a typical 
fossil fuel based H2 production plant is relatively 
cost-effective. However, to enable large-scale 
‘CO2-free’ production of hydrogen from fossil fuels, 
energy-related emissions across the facility must 
be captured. CO2CRC are investigating techno-
economic studies.

CO2CRC Annual Report 2020/20218



5. Collaboration and leadership
CO2CRC accesses the expertise of many of the world’s 
best researchers across the fields of carbon capture, 
utilisation, storage and monitoring. The strength of 
this partnership has resulted in more than a decade 
of successful research outcomes from desktop and 
laboratory scale trials to field scale demonstrations. 

This track record, together with its established 
relationships with industry, government and regulators 
has allowed CO2CRC to become a trusted technical 
focal point and knowledge hub for the CCUS 
community in Australia and internationally. 

CO2CRC established CO2Tech, a wholly-owned 
subsidiary company, to provide technical advisory and 
consultancy services. CO2Tech allows CO2CRC Limited 
to offer our industry partners and customers, tailored 
solutions while preserving commercial confidentiality.

CO2CRC has bolstered its efforts at the national 
and state level to provide advice on contemporary 
developments in CCUS science and policy globally 
as well as practical on-the-ground research and 
development. As well as providing submissions to 
government inquiries, key areas of focus include: 

 > Submitting detailed analysis to the Clean Energy 
Regulator on carbon utilisation and the methodology 
to apply for Australian Carbon Credit Units (ACCUs). 
Focussing on the potential opportunities and benefits  
of CO2-EOR and a biorefinery. 

 > Submissions to the Australian Council of Learned 
Academies (ACOLA) on their Australian Energy  
Transition Research Plan – Research Priorities and 
Design Issues Paper

 > Publication of a regular newsletter to inform stakeholders 
nationally and locally about key developments in global 
CCS and CO2CRC research and development. 

CO2CRC Annual Report 2020/2021 9
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Optimising 
storage
CO2 Depleted Reservoir 
Storage Project (CO2-DRS)
Dr Max Watson, Senior Manager — Technology 
Development

Objectives

To identify and then provide effective, risk-based 
recommendations for key challenges in the utilisation of 
depleted or near depleted reservoirs for CO2 storage.

Outcomes

A technology review is being conducted and a workscope 
developed to improve the effectiveness in CO2 Depleted 
Reservoir Storage use.

Introduction

Re-utilisation of depleted oil and gas reservoirs are, in 
many scenarios, a cost-effective solution for large scale 
CO2 geological storage. The appraisal work for these sites 
has mostly been completed through oil and gas appraisal 
and production activities, and existing wells could be 
used either injection or monitoring, avoiding a significant 
storage cost. Further still, remaining hydrocarbons not 
produced in the primary operation may be recovered 
through CO2 sweeping the reservoir, possibly providing 
a small additional revenue stream in the CO2 storage 
operation. 

Whilst these reservoirs are usually well understood, 
appraisal, specific development and operational 
monitoring will likely still be required to manage issues 
resulting from the past production operations, such 
as geomechanical changes to the storage system, 
low reservoir pressure, and well integrity, to ensure an 
acceptably low operational and containment risk for CO2 
storage. 

The CO2 Depleted Reservoir Storage Project (CO2-DRS) 
project, commenced at the start of 2020, reviews issues 
associated with the use of depleted reservoirs for CO2 
storage, with an aim to provide effective, risk-based 
solutions for key issues and opportunities in the utilisation  
of depleted or near depleted reservoirs for CO2 storage. 

This project assessed following topics:

 > Flow assurance of CO2 in depleted reservoirs

 > Well integrity for existing active and inactive wells

 > Geomechanical integrity assurance for re-inflation

 > Enhanced hydrocarbon recovery for improved 
economics. 

Methods and outputs

The CO2-DRS project has, through engagement with our 
members, recognized four important topics to consider 
for the a) preparation, b) characterisation, and c) effective 
use of depleted reservoirs for CO2 storage. Existing 
literature has been reviewed and key case study sites 
identified to frame the key issues in each of the topics. 
This has then facilitated methodologies to be reviewed to 
address them  
to enable safe, effective utilisation of depleted reservoirs. 

Some of the techniques to manage the risks in utilising 
depleted reservoirs are untested, or testing outcomes 
have not been published, in the context of CO2 storage. 

This project is nearing completion (November 2021).  
A summary of each topic’s activity is provided below:

 > Flow assurance of CO2 in depleted reservoirs 
(CO2CRC).CO2, injected into a subsurface formation 
with a pore pressure lower than the critical pressure, 
can cause several flow assurance issues including: 
loss of surface flow due to hydrate formation at the 
wellhead; tubing erosion caused by CO2 phase change; 
and impaired injection due to downhole hydrate 
formation plugging the reservoir. Three case studies 
in the North Sea (P18-4, The Netherlands; Hewett, UK; 
and Goldeneye, UK) have been used to understand 
potential mitigations to these flow assurance issues. 

 > Techniques such as dehydration, O2 removal, 
filtration and appropriate use of hydrate inhibition are 
recommended considerations to assist in preventing 
hydrate formation at surface. Similarly assuring that 
fluid density changes are minimized through wellbore 
architecture design will prevent flow assurance 
impacts downhole. A key recommendation is to further 
investigate the use of a downhole variable choking 
device to avoid the uncertainty of unstable phase 
behaviour occurring. 

 > Well integrity for existing active and inactive wells 
(CO2CRC). Ensuring the integrity for wells, particularly 
those that were not designed for a CO2 storage 
operation, is a critical issue in CO2-DRS. Storage of 
CO2 adds further well integrity risk as CO2 changes 
the chemical conditions downhole which may alter 
wellbore materials. CO2CRC has established criteria 
for assessing wells’ age, type/usage, cement condition, 
treatment, and P&A type. This is to be developed 
into a flow chart to assist a user in selecting the best 
approach for assessing and then addressing well 
integrity risk at specific sites and will be a component 
of the final deliverable in November 2021.

 > Geomechanical integrity assurance for re-inflation 
(R&D partner — Geoscience Australia). It is recognised 
that reservoir-caprock systems do not behave 
perfectly elastically when subjected to depletion 
and subsequently CO2 injection. This mechanical 
change implies that the reservoir-caprock systems are 
unlikely to return to the initial state when pressurised, 
and geomechanical failure is a significant risk. 

CO2CRC’s research – Optimising storage
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 > The understanding of the impact of reservoir depletion 
and then re-pressurisation is still in its infancy for CO2 
storage. Data required to assess this geomechanical 
risk is rarely collected, and modelled outcomes are 
untested. From this study, a workflow to prevent, 
characterize and manage repressurisation risks has 
been developed. However, it is a key recommendation 
for this study that a broad data acquisition programme 
be developed for constraining geomechanics from the 
stress path point of view, and storage system limits 
against modelled predictions tested in the field.

 > Enhanced hydrocarbon recovery for improved 
economics (CO2CRC). CO2 Enhanced Gas Recovery 
(CO2-EGR), first proposed in the 1990s, has not 
received much attention due to the high price of CO2 
at that time. With advancements in CCS technologies 
and low emission incentives/regulations, CO2-EGR, in 
some cases, may be economically viable. CO2CRC are 
developing criteria to enable the selection of potential 
field candidates for CO2-EGR. This study takes 
learnings from one of the few examples of EGR, K12-B 
in the Dutch sector of the North Sea. 

Key publications 

N/A

Next steps 

 > The draft report will be externally reviewed by technical 
experts 

 > A final presentation on the CO2 Depleted Reservoir 
Storage will be presented at the CO2CRC symposium

 > A final report will be provided in November 2021, 
incorporating feedback from the expert review and 
symposium presentation

 > A peer-reviewed publication is intended in 2022, in the 
appropriate international journal.

CO2CRC Annual Report 2020/2021
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Next steps 

Complete reporting for 2021 surveys conducted in Q1 – 
Q2 2021.

Highlights

CO2CRC’s CO2 storage project at the OITC has no 
measurable impact on surface environment and has met 
all EPA requirements.

CO2CRC is reviewing research opportunities in 
monitoring technologies with Deakin University and 
working together in providing a fit-for-purpose monitoring 
framework for future commercial scale CCS projects.

Otway assurance monitoring
Project owners: Paul Barraclough, Saw Hong Lim 
(CO2CRC) Science Leaders: Professor Wendy Timms, 
Dr William Howcroft, and Dr Svetlana Stevanovic (Deakin 
University)

Objectives

To conduct soil gas and ground water sampling 
for assurance monitoring and to meet regulatory 
requirements operating the Otway International  
Test Centre.

Outcomes

Results from the groundwater and soil gas sampling 
indicate that CO2CRC’s operations show no evidence 
of CO2 migration to shallower levels associated with 
CO2CRC’s CO2 storage projects. 

Introduction

Otway Assurance Monitoring continues annual 
groundwater and soil gas monitoring of CO2CRC’s Otway 
International Test Centre (OITC) to meet EPA Victoria 
requirements. 

The Otway Assurance Monitoring program is designed  
to meet the following objectives:

 > Provide assurance to the OITC regulator (EPA) that 
there has been no negative impact to the surface 
environment due to CO2CRC’s operations 

 > Meet the requirements of Key Performance Indicators 
(KPIs) established with the Environmental Protection 
Agency (EPA).

Methods and outputs

The Otway Assurance Monitoring program methodology:

 > Annual soil gas survey. Samples are collected from  
~126 locations within the OITC and surrounding area

 > Annual groundwater survey, samples were collected 
from 16 water bores within the OITC and surrounding 
area

 > The survey results were compared against historical 
data to identify any anomalies that could be associated 
with CO2CRC’s storage project.

Key publications 

Howcroft, W, Stevanovic, S, and Timms, W. 2020 Soil Gas 
Monitoring Report, RPT20-6277.

Howcroft, W and Timms, W. 2020 Groundwater Monitoring 
Report, RPT21-6323. 

CO2CRC Annual Report 2020/2021
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Active projects at the Otway International Test 
Centre in FY 2020-21

The section below describes operational activities at the 
Test Centre. Scientific results are presented for each 
project under their respective sections in the Annual 
Report. 

Stage 3
2021 saw the successful completion of operations for 
CO2CRC’s most ambitious CO2 storage monitoring 
project to date, validation of technologies to provide data 
on demand and reduce the cost and impact of long-term 
CO2 storage monitoring for CCUS projects. 

Between December 2020 and April 18, 2021, 15 050 
tonnes of CO2-rich gas were compressed and piped from 
CO2CRC’s Buttress-1 well at approximately 143 tonnes 
per day into CRC-3 well before being permanently stored 
in the Paaratte Formation 1,500m below the surface. The 
CO2 plume was monitored using the four 1,500 to 1,800m 
deep monitoring wells and a combination of traditional 
and innovative monitoring techniques including well based 
and horizontally deployed fibre optics, Surface Orbital 
Vibrators (SOV’s) and Pressure Tomography to monitor the 
stored gas. 

Nine SOV’s each comprising of two rotating unbalanced 
motors mounted on a reinforced concrete block vibrating 
at 80Hz and 120Hz were operated consecutively for 1.5 
hours each day by research partner Lawrence Berkeley 
National Lab (USA). These provided data to test an 
alternative seismic source to provide on demand, low 
footprint low-cost monitoring of stored CO2. Two seismic 
surveys the first of approximately 1,000 acres and the 
second of approximately 1,500 acres were undertaken on 
the properties surrounding the OITC in January and April 
2021 and with on ground activities completed using local 
team members as Curtin University were unfortunately 
not able to travel due to the pandemic. Site based initial 
processing of data enabled rapid transfer of survey 
results. 

Pressure tomography surveys were conducted in 
partnership with the CSIRO prior to injection and at 5,000, 
10,000 and 15,500 tonnes of CO2-rich gas injected. The 
Pressure tomography surveys used between 25.5 and 
53 kilolitres of water sourced from the Port Campbell 
aquifer injected into the Paaratte formation via each 
of four monitoring wells to create a pressure response 
detectable in the monitoring wells to track the movement 
of the stored plume of CO2. The 10,000-tonne pressure 
tomography survey was run during CO2 injection into 
CRC-3 to test the ability of pressure tomography to 
successfully detect and locate a CO2 plume without the 
need to pause injection operations.

CO2CRC thanks Lochard Energy who provided support 
to undertake a pre injection audit of OITC infrastructure 
and local landholders who agreed to enable CO2CRC 
to undertake seismic surveys on their land and locate 
monitoring apparatus in their paddocks.

Otway International Test 
Centre
Paul Barraclough — Senior Manager Stage 3 and 
Operations 

Objectives

 > To provide an internationally recognised subsurface 
research facility to develop, demonstrate and advance 
CCUS technologies and progress their technology 
readiness level and provide a facility to support 
technological development of a range of emission 
reduction and future fuel technologies

 > To successfully complete operations for Stage 3’s 
downhole CO2 storage monitoring project

 > To deliver well targeted educational experiences for 
visitors who wish to expand their knowledge of Carbon 
Capture, Utilisation and Storage and other associated 
emissions reduction technologies

 > To maintain a strong community connection with the 
Nirranda South community and an ongoing social 
licence to operate

 > To continue to provide high quality assurance 
monitoring of CO2 stored on Site.

Introduction

CO2CRC is a global leader in research advancing CCUS 
technology and developing and collaborating to test and 
develop emissions reduction technology; informing state 
and federal policy and regulatory activities and conducting 
community education. 

CO2CRC operates strategic projects to develop and 
demonstrate transferable CCUS and emissions reduction 
technologies and solutions to support an emerging CCUS 
industry in Australia and overseas. 

The portfolio comprises sub-surface research projects to 
achieve cost-effective, high resolution and low footprint 
monitoring of industrial scale carbon storage and our 
highly equipped OITC we are able to test new subsurface 
technologies for clients in field conditions.

The scope of our research also reaches into collaboration 
on a range of technologies designed to reduce emissions 
including future fuels and direct air capture.

All projects conducted at the OITC complete 
comprehensive feasibility studies and pass rigorous 
international peer-reviews before commencement. 
CO2CRC collaborates with subject matter experts in 
each research discipline from Australia’s leading research 
organisations. CO2CRC’s staff and management have 
decades of experience in successfully delivering complex 
scientific projects and providing excellent operational 
outcomes. Projects are governed by CO2CRC’s Program 
Advisory Committee (Science) and the Operations, Safety 
and Environment Committee (Operations).
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Next steps 

 > Welcome the return of interstate and international 
visitors following the reopening of the borders closed 
due to the pandemic including CO2CRC Symposium 
visitors in November 2021 and the community for an 
Open Day.

 > Continue to actively engage with our community on 
future projects planned for the OITC.

Highlights 

 > Successful conclusion of operations for Stage 3 well 
based monitoring project the largest subsurface 
monitoring project for the OITC to date.

 > Completion of two seismic surveys with Curtin 
University providing remote support from Western 
Australia

 > As of June 2021, the OITC has achieved 5295 days  
(14.5 years) without any lost time injury.

 > The renaming of the facility to the Otway International 
Test Centre by Federal Minister Dan Tehan.

Annual assurance monitoring
The annual assurance monitoring for 2020/21 at the 
Otway International Test Centre was successfully 
completed. The annual report was submitted to the 
Environment Protection Authority to demonstrate 
compliance with licence conditions. As part of the 
assurance monitoring, Deakin University conducted the 
annual soil gas and groundwater surveys in March and 
May 2021 demonstrating no evidence of injected gas 
could be detected at the surface.

Site operations and maintenance
Upstream Processing Solutions continued to provide 
high quality operational support at the OITC. A Site Audit 
was undertaken to identify redundant infrastructure. 
Site maintenance targeted the permanent closure and 
rehabilitation of the redundant gathering line linking the 
Naylor-1 well to the Mortlake Power Station gas supply 
pipeline and commencement of work to rehabilitate the 
Naylor-1 wellpad. Secure fencing was erected on CRC-3 
and CRC-6 and 7 wellpads. UPS’s Site Operator provided 
vital support and knowledge in all areas of operations 
including pressure tomography and seismic surveys, 
providing assistance to compensate for the inability for 
CO2CRC staff and science team members to access the 
Site due to pandemic lockdowns.

OITC visitors
39 people visited the OITC Knowledge Hub in 2020/21. 
These included the Federal Member for Wannon and 
Minister for Trade Dan Tehan MP, New South Wales 
Coal Innovation representatives and 16 Post Graduate 
Chemical Engineering Students from Melbourne 
University. COVID-19 limited visitors to the OITC for most 
of the year.

Community engagement
Close engagement with the local Nirranda and 
Nullawarre communities continues to be a high priority 
for CO2CRC’s Otway International Test Facility. While 
visitation was limited due to COVID-19 and community 
engagement practices modified to respect social 
distancing requirements, we continued to meet and 
share information with our key stakeholders, obtaining 
the necessary permission to undertake our research 
activities. Community Newsletters were delivered to 
over 800 stakeholders in September 2020 and March 
2021 providing information on CO2CRC’s activities at the 
Nirranda South OITC. Letters outlining major operations 
were sent to 70 key stakeholders. An Open Day was 
not possible due to COVID restrictions, but an event is 
planned for the summer of 2021/ 2022.

A virtual briefing was provided to 34 regular Community 
Reference Group meeting attendees in October 2020 
when in person meetings were not permitted. A face-
to-face Community Reference Group meeting was held 
in April 2021 with 16 attendees. CO2CRC welcomed 
Councillor Ian Smith from Moyne Shire to this meeting  
as chairperson.

CO2CRC provided sponsorship to the Nirranda South 
Football Netball Club.
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Introduction

A commercially relevant underground hydrogen storage 
demonstration is required to enable Australia’s emerging 
hydrogen economy for export and domestic markets 
from 2030 onwards. Field scale demonstration would 
provide the knowledge and confidence for large capital 
investment into commercial scale hydrogen storage. 

The global hydrogen industry is expected to increase 
40% by 2030, with Australia aiming to become a leading 
exporter of hydrogen to the Asian markets, with potential 
export values of $5.7bn by 2040. In this developing 
hydrogen economy, large-scale hydrogen storage is 
necessary for balancing the large fluctuations between 
supply & demand and improving energy security.

Surface storage solutions offer 10’s of tonnes (t) of 
hydrogen storage, drastically insufficient to meet the 
>10,000’s tonnes scale requirement. Salt deposits 
(excavated voids), used for gas storage internationally, 
is very limited geographically in Australia, and has 
insufficient capacity. Alternative options for underground 
hydrogen storage that match the most prospective 
areas for hydrogen production, is urgently required. 

Porous geological storage of hydrogen provides the 
required large-scale, long-term hydrogen supply security 
and can decrease delivery price through economies of 
scale. This form of storage is commercially proven as the 
preferred storage option for methane and CO2. Australia’s 
enormous wealth of suitably geographically positioned 
depleted reservoirs and saline formations, present a vast 
porous geological storage resource for large commercial 
scale hydrogen storage, if our capabilities to utilise such 
systems is matured. 

Industries need to be armed with field tested processes 
and regulations, to select and develop a hydrogen 
storage site. Answering these key technical issues is 
vital for evaluating the extent to which storage in porous 
formations will ensure the safe containment and effective 
hydrogen recovery. While hydrogen geological storage 
is attracting increasing attention globally, very few 
countries can move quickly to field scale demonstration, 
the next key step to mature this technology. 

CO2CRC’s hydrogen geological storage demonstration 
aims to undertake the development of these processes 
and test their effectiveness at the Otway International Test 
Centre, providing: a clear demonstration of a hydrogen 
facility operation to safely store and withdraw hydrogen 
from a geological storage reservoir; and an optimised 
hydrogen storage site development methodology, with 
processes to screen, select, develop, and operate 
suitable hydrogen storage sites at commercial scale.

Developing large-scale 
underground hydrogen storage 
in Australia
Dr Max Watson, Senior Manager — Technology 
Development 
Research partners: CSIRO, Geoscience Australia

Objectives

The development phase of the project has the following 
objectives:

 > Confirm the technical viability of hydrogen porous 
geological storage and provide a viable set of 
subsurface storage options for assessing a hydrogen 
storage operation in terms of safe containment and 
performance 

 > Develop suitable surface infrastructure and well 
designs for the safe handling (receipt, compression, 
injection, withdrawal, and transfer) of hydrogen at a 
storage facility 

 > Broadly analyse hydrogen storage site requirements 
for the intake and offtake including considerations 
of hydrogen purity, economics, social, environmental 
impacts 

 > Establish key risks and management strategies for 
hydrogen storage and use this for effective, transparent 
process for engagement with stakeholders 

 > Provide an endorsed project plan for a demonstration 
project, and methodology for hydrogen geological 
storage site selection and site development. 

Outcomes

A report on the technically, socially, and economically 
tested basis to safely demonstrate hydrogen geological 
storage in a porous reservoir, with a range of development 
options to progress to the distinct demonstration project’s 
planning stage. 
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Methods and outputs

The project aims to develop a hydrogen (HYDROGEN) 
geological storage demonstration for the growing 
Australia hydrogen industry. Hydrogen porous geological 
storage can enable the establishment of the urgently 
required, large-scale clean hydrogen economy but, 
to achieve this an intensive period of field scale 
demonstration is crucial. 

CO2CRC’s proposed demonstration project will provide 
this step towards building industry and community 
confidence in widespread uptake of hydrogen geological 
storage. This project will demonstrate effective storage 
of hydrogen and validate a thorough selection, modelling, 
and monitoring methodology to arm the emerging 
hydrogen industry with field tested processes and 
regulations, to select and develop a hydrogen storage 
site. It is also vital to use this demonstration to develop 
stakeholder engagement processes and ultimately gain 
public support for hydrogen geological storage as a viable 
option for meeting hydrogen demand and improving 
energy security in Australia.

This demonstration will provide the world’s first validated 
methodology for industrial hydrogen geological storage in 
porous reservoirs.

Key publications 

Watson, M, Ennis-King, J, Patel, J, Kozielski, K, Bagheri, 
M, Hortle, A, Webley, P, Chan, K, Barraclough, P, Pandit, 
J and Raab, M, 2021. Concept development for hydrogen 
geological storage. An Enabler for a Cost Effective H2 
Supply Chain. CO2CRC Ltd, Melbourne, Australia, 
CO2CRC Publication Number RPT21-6296.

Next steps 

CO2CRC is progressing several funding 
opportunities. 

Highlights

 > Successful completion of the 
concept development for 
hydrogen geological storage.

Hydrogen geological storage 
incorporated into a cost-effective 
supply chain.
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Methods and outputs

The project injected 15,000 tonnes of high CO2 gas into 
a saline aquifer at a depth of 1.6 km, via a single injector 
well. The subsurface monitoring techniques were tested 
on the resulting plume, using the array of monitoring 
wells and associated infrastructure. Primary monitoring 
methods were:

 > Pressure tomography and pressure inversion

 > 4D surface seismic monitoring

 > Downhole seismic utilising permanently deployed 
sources.

In addition, to better understand the economics of these 
new monitoring techniques, a study was made of the 
technoeconomics of monitoring a CO2 plume in a storage 
aquifer and how the cost compares with traditional 
monitoring techniques.

Pressure tomography and pressure inversion
The use of pressure tomography as an on-demand, low-
cost and low invasive means of identifying a gas plume 
and locating it in the subsurface, has been demonstrated 
and proved successful in the Otway Stage 3 Project. It 
has been shown to be capable of identifying very small 
amounts of gas (the first survey successfully confirmed 
less than 5,000 tonnes of gas injected) and it has been 
successfully used to locate the plume while gas injection 
operations continued. 

Once commissioned, the system was largely operated 
remotely with minimal support at the site. In this manner, 
a relatively straightforward application of equipment and 
technology was able to monitor the growth of gas plume, 
with minimal impact to the injection operation and the 
environment, meeting the objectives of the test.

The levels of definition and accuracy achieved using 
Pressure Tomography were only possible by performing 
a surface seismic survey which required not only that 
the injection be paused but that all surface operations 
that may interfere with the seismic signal be stopped 
as well and then a full seismic crew on site to operate 
the vibroseis trucks and acquire the associated data. 
By comparison, the operational simplicity of pressure 
tomography provides a very attractive alternative.

Pressure inversion can be used as a means of identifying 
an unintended migration event without the need for 
creating a pressure pulse and provides an early warning 
indication in above zone monitoring. The baseline injection 
data provided sufficient data for an analogous test of an 
unintended migration event – where the injection well was 
considered the migration pint and the monitoring wells 
recording pressures. 

Using Pressure Inversion, the position of an unintended 
migration event can be determined to an accuracy of 
the order of 100 m. For the case where an unknown 
migration event is observed in the pressure monitoring 
wells, this methodology may be used to locate a 
region in the vicinity of where the unintended migration 
event should be located. Further investigation in this 
region could then be used to pinpoint the location. 

Otway Stage 3 Project
Project Leader: Paul Barraclough, CO2CRC  
Science Leader: Dr Charles Jenkins, CSIRO/CO2CRC

Objectives

The project develops and field tests innovative sub-
surface monitoring technologies, which will significantly 
reduce the cost and environmental impact of monitoring 
programs for commercial CO2 storage projects. The 
tested techniques will also provide regulators and 
communities with ongoing confidence that CO2 injected 
deep underground is permanently stored within the 
bounds of a storage formation. These innovative 
techniques provide a permanent, on-demand monitoring 
solution, which will enable faster acquisition and analysis 
of plume data.

Outcomes

CO2CRC’s Otway Stage 3 Project ($45.8m), field tests 
innovative technologies to enable CCS Storage Projects 
around the world. It does this by offering monitoring 
technologies and associated operational workflows that 
provide:

 > Fit-for-purpose data;

 > On-demand monitoring;

 > Cost effective monitoring programs;

 > Minimised impact to the environment and communities. 

Preliminary cost analysis shows the proposed subsurface 
monitoring techniques can reduce an operator’s reliance 
on conventional monitoring technologies and reduce 
storage monitoring cost by up to 75%.

Finally, the Otway Stage 3 Project is a long-term 
investment in the Otway International Test Centre that 
offers industry and the research community an accessible 
and fully instrumented test centre for benchmarking M&V 
tools, testing CO2 storage processes and management 
techniques, and field-testing technologies in support of 
lowering emissions that also have uses in a wide range  
of industrial applications.

Project summary

CO2CRC is developing fit-for-purpose monitoring 
technologies that aim to provide operators with key 
information when required, with minimal surface impact 
and with rapid turnaround of results. This will deliver 
substantial cost savings in future storage site monitoring 
design and provide the level of feedback and control 
required by both regulators and the community for  
such projects. 
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4D Surface Seismic Monitoring
The Stage 3 project relied on conventional surface 
monitoring to provide a benchmark plume image against 
which the plume images from pressure tomography and 
subsurface seismic would be compared. In total, three 
surveys were successfully completed while managing 
pandemic restrictions: 

 > Baseline, performed pre injection 

 > First monitor survey, performed at 4,400 tonnes 
injected

 > Final monitor at 12,500 tonnes. 

The time lapse 4D images developed from these surveys 
show the plume growth and provide the “ground truth” for 
the plume location.

Due to the challenges of performing the survey during 
the pandemic, instead of relying on a geophone array, the 
project used the fibre optics in the wells to acquire the 
seismic signal from the vibroseis trucks as they completed 
their survey pattern surrounding the OITC. This approach 
required the creation of entirely new data processing 
workflows (detailed in RPT20-6253) and the real-time 
remote support of the field operations by the Curtin team 
in WA for the entire survey. 

Downhole seismic utilising permanently  
deployed sources
Subsurface monitoring for gas plume migration at the 
OITC using permanent surface sources and in-well fibre 
optics has proven to be both time and cost effective 
with minimal environmental impact and with improved 
repeatability. 

In a unique global first, the project has been able to 
acquire new seismic images of the subsurface every two 
days for more than 18 months to accurately chart the 
evolving gas plume in a target aquifer throughout a five-
month injection campaign of 15,000 tonnes of gas. The 
system was able to identify “first gas” in the very first set of 
seismic images with only 300 tonnes of gas injected. With 
a new image then produced every two days the system 
was able to track the evolution of the plume throughout the 
injection and beyond – as the plume continues to migrate 
post-injection until stabilisation is reached.

The equipment has been designed to be autonomous. 
Surface Orbital Vibrators (SOVs) and Distributed 
Acoustic Sensing (DAS) units generate ~2 Tb of raw 
records per day. Moving this large amount of data from 
the site poses a challenge, so the system relies upon 
remote acquisition and automated on-site processing 
and interpretation. To enable the operation, new 
workflows were developed to address the big-data 
management and processing workflow for this novel 
seismic downhole-based monitoring methodology. 
These are covered in more detail in RPT20-6237.

With these workflows established and after 
commissioning and optimisation, the equipment required 
little to no intervention by on-site personnel, with all 
produced images now automatically processed on site 
and transmitted to the remote servers at Curtin University 

for timelapse processing and plume identification finalised 
in less than a week from the data acquisition. In this 
manner the SOV/DAS system operated independently 
of the injection and with no impact to the operation or 
the environment, it reliably acquired high quality data and 
new images of the subsurface with an unprecedented 
frequency and plume identification was completed in less 
than a week, thus meeting the objectives of the test.

Techno-economics of Stage 3 M&V technologies
The techno-economics analysis of the Stage 3 M&V 
techniques show that the application of Stage 3 
techniques provide a potential saving in monitoring costs 
of at least 75% when compared with the conventional 
approach of standalone 4D seismic monitoring. 

The study also considers the cost of “Risk Expenditure” 
which incorporates the detection threshold of the various 
techniques and the associated cost of a late detection 
event. This is where the low frequency of traditional 
techniques substantially increases costs of remediation, 
while the high frequency and targeted approach of the 
Stage 3 techniques ensure these costs are kept to a 
minimum or at best avoided altogether.

An additional deliverable of this scope of work is a 
toolkit which allows various configurations of monitoring 
techniques and monitoring arrangements to be evaluated. 
CO2CRC members will have access to this toolkit to 
evaluate various monitoring configurations to evaluate 
their specific project needs.

Key publications 

Jackson, S, Jenkins, C, Gunning, J, Ennis-King, J and 
Dance, T, 2020. Commissioning tests of the CO2CRC 
Otway Stage 3 monitoring wells. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC RPT20-6244.

Jackson, S, Green,C, Jenkins, C, Gunning, J, Ennis-
King, J, Dance, T and Wilkins,A, 2021. Earth tides, 
pressure inversion and pressure tomography interim 
report – CO2CRC Otway Stage 3 project. CO2CRC Ltd, 
Melbourne, Australia, CO2CRC Publication Number 
RPT21-6300.

Green, C, Jackson, S, Gunning, J, Ennis-King, J and 
Jenkins, C, 2021. Pressure inversion methods to locate 
unknown sources/sinks. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number RPT20-6250.

Green, C, Ennis-King, J, Jackson, S, Jenkins, C and 
Gunning, J, 2021. Pressure inversion for leakage detection. 
CO2CRC Ltd, Melbourne, Australia, CO2CRC Publication 
Number RPT21-6314.

Yurikov, A, Tertyshnikov, K, Pevzner, R, Isaenkov, R, 
Sidenko, E, Popik, S, Glubokovskikh, S, Yavuz, S and 
Barraclough, P, 2020. Multi-well 3D DAS VSP Data 
Processing. CO2CRC Ltd, Melbourne, Australia, CO2CRC 
Publication Number RPT20-6253.

Tertyshnikov, K, Pevzner, R, Barraclough, P and Chan, K, 
2020. Stage 3 Baseline seismic survey M6 Seismic Survey 
Operations Close-out Report. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number RPT20-6208.
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Highlights

The Stage 3 Project successfully completed the injection 
of 15,000 tonnes of gas into the Paaratte saline aquifer 
located 1.6km below ground. All operational and scientific 
goals were met including:

 > The use of VSP data from the monitoring wells to 
provide 4D timelapse images of the target aquifer 
enabled the acquisition of the surface seismic data 
with minimal onsite operations with all data transferred 
offsite for remote processing

 > The SOV_DAS system was able to identify the 
presence of the gas plume at the injector well from the 
beginning of the injection, with as little as 300 tonnes 
of gas injected

 > Pressure tomography successfully detected and was 
able to locate the plume at the first monitor survey with 
4,400 tonnes gas injected

 > The new innovative techniques can be used either at 
pre-programed intervals or on an as-needed / on-
demand basis without the need to pause or alter the 
gas injection operation 

 > The additional techniques of pressure inversion, earth 
tides monitoring and passive seismic have provided 
interesting insights and opportunities for further 
investigation with respect to low-cost / low-impact sub-
surface plume monitoring that would provide operators 
with further options for plume tracking.

Tertyshnikov, K, Pevzner, R and Barraclough, P, 2021. 
Stage 3 First Monitor seismic survey M7 Seismic Survey 
Operations Close-out Report. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number RPT21-6297.

Tertyshnikov, K, Pevzner, R and Barraclough, P, 2021. 
Stage 3 Final Monitor seismic survey M8 Seismic Survey 
Operations Close-out Report. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number RPT21-6317.

Pevzner, R, Tertyshnikov, K, Yavuz, S, Yurikov, A, Isaenkov, 
R, Sidenko, E, Correa, J, Wood,T and Freifeld, B, 2020. 
Operationalisation of the Seismic Monitoring Program. 
CO2CRC Ltd, Melbourne, Australia, CO2CRC Publication 
Number RPT20-6237.

Next steps 

As the data and results continue to be analysed and the 
processing refined, the final reports will be made available  
to CO2CRC members 

The SOV/
DAS System 

reliably acquired high 
quality data with an 

unprecedented frequency, 
and plume identification 
was completed in less 

than a week 
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the DCA findings in the model to see if we can improve 
the Stage 2C injection history matching and how this 
affects the model’s prediction.

The project is funded by CO2CRC and at this stage we 
are screening Australian universities to perform the work. 
The work is expected to start by November 2021.

Methods and outputs

The key elements of the scope of work involve:

 > Review the existing DCA data including 40m of 
imaging, poro-perm data, permeability data measured 
through permeametre, and relative permeability data

 > Analysis and upscaling of poro-perm data and relative 
permeability data

 > Incorporating DCA results in the modelling

 > Updating the models and history matching with DCA 
results 

 > highlighting the potential improvements during history 
matching and prediction.

Key publications 

Bagheri, M, Knackstedt, M, Dance, T, Zhang,Yul, Turner,M, 
Saadatfar,M, Ruspini,L and Øren,P, 2020. Multiscale 
flooding Dynamics of Otway Core Year 2 Report Update: 
Upscaling of static properties. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number RPT20-6225.

Bagheri, M, Knackstedt,M, Dance,T and Raab, M, 2021. 
Reducing the risk of CO2 storage projects through cost 
effective reservoir characterisation: application of digital 
core analysis to a CO2 injection reservoir. APPEA Journal, 
pp. 146-162.

Next steps 

The next step is to appoint a researcher  
and start the project.

The application of digital 
core analysis in reservoir 
characterisation and modelling 
— case study on CO2CRC 
Otway models
Phei Phei Teoh, Senior Petroleum Engineer 
Project Status: Funding allocated — screening researchers

Objectives 

The main objective of this work is using the digital core 
analysis (DCA) results that are already performed on 
core plugs from one of the CO2CRC wells (CRC-3) and 
investigate their application in improving the CO2 injection 
modelling from perspectives below:

 > Prediction of permeability in the model

 > Multiphase flow parameters and rock types

 > Directional multiphase flow parameters.

Expected outcomes

 > Updated history matched and prediction models

 > Results of the DCA data analysis

 > A comprehensive analysis highlighting the potential 
improvements derived from incorporating DCA data in 
the modelling.

Introduction

CRC-3 was drilled in 2017 as an appraisal well for the 
Otway Stage 3 project and then later recompleted as 
an injection well. Cores were acquired from CRC-3 over 
the Paaratte formation and different core experiments 
including RCA, SCAL and DCA were performed on CRC-3 
core plugs.

Extensive modelling has been performed to date to 
characterise the Paaratte formation including history 
matching of Stage 2C injection. The key mismatch 
parameters in the Stage 2 modelling were CO2 plume 
shapes from seismic, pressure data in zone and above 
zone as well as saturation data from pulsed Neutron Logs. 
The core experiments used in those modelling was RCA 
and SCAL data available from CRC-2 and CRC-3. DCA 
results have not yet been used in the modelling.

The purpose of this work is now to use the DCA data 
and investigate if it could improve the history matching 
and reservoir characterisation compared to the data we 
already have from RCA and DCA. The plan is to perform 
a DCA data analysis first including the analysis of poro-
perm relationship and hydraulic flow units and then apply 
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Introduction

Lithology is an important property to consider when 
studying reservoirs. Based on this property rock 
types are defined where each rock type has specific 
petrophysical and mechanical properties directly linked to 
its exploitation capability. Lithofacies identification or rock 
typing using image logs, such as those from Formation 
Micro-Imager (FMI) is a time consuming and laborious 
task. Many attempts have been made in the past to 
automate this process; however, this is very much an open 
research problem.

In this context Machine Learning (ML) and Artificial 
Intelligence (AI) has shown to be quite promising. 

Deep Convolutional Neural Networks (CNN) are a 
particular type of neural networks more suited to data 
types with some sort of distribution either spatial or 
temporal. These networks have shown to be very efficient 
in extracting data patterns and detecting boundaries 
where data trends change. In this research we aim to 
design and train a CNN suitable for automatic detection 
of lithotypes in uninterpreted wells based on available 
interpreted data.

CO2CRC’s CRC-1 to -7 wells all had an FMI log taken as 
part of their formation evaluation. Presently, only CRC-1-3 
have had an advanced FMI interpretation performed. This 
project will use this information to train an ML algorithm to 
automate the interpretation and test/demonstrate this on 
CRC-4-7 logs. 

The project is funded by CO2CRC, and the project 
agreement is being finalised with the University of 
Adelaide. It is planned to start in September 2021 and due 
to be finished by July 2022.

Methods and outputs

The key elements of the scope of work involve:

 > Pre-processing of CO2CRC FMI logs from CRC-1 to 
CRC-7

 > Research the architecture and formulation of the CNN 
model

 > Design and train the CNN using available data and 
trouble shoot the proposed network

 > Application of the trained and validated CNN to new 
data

 > Deliver final report and peer reviewed paper.

Next steps 

The next step is to finalise the project agreement and 
start the project. The project will start by reviewing and 
reprocessing of the FMI data available from CRC-1 to 
CRC-7.

Formation micro-imaging 
log automated interpretation 
project 
Dr Hadi Nourollah, Senior Manager — Subsurface 
Project Status: Due to start in November 2021 in 
collaboration with the University of Adelaide

Objectives 

The project’s aim is to develop a systematic mapping 
alternative to resource-intensive manual interpretations 
and better leveraging of expensive, high-resolution 2.5D 
Formation Micro-Imager (FMI) data to characterise the 
subsurface CO2 storage system measured by such data 
sets acquired more recently at several new wells drilled 
by CO2CRC at the Otway International Test Centre. 
Objectives include:

 > Classification of intervals intersected at new wells 
using the family of known lithotypes previously 
encountered

 > Identification of any new lithotypes not previously 
encountered for additional manual interpretation

 > Objective identification of stratigraphic boundaries and 
brittle strain features intersected by these new wells

 > A trained image texture recognition and classification 
model used for the purpose of satisfying objectives  
1 & 2.

The technical basis of this project will be development 
of a sophisticated image recognition machine learning 
system using convolutional neural networks.

Expected outcomes

 > Newly classified stratigraphic intervals at all 
uninterpreted OITC wells

 > A trained Convolutional Neural Network (CNN)-based 
classification model that could be used by the industry 
as an alternative to traditional FMI interpretation 
workflow.
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Feasibility study of monitoring 
the injected CO2 using shallow 
acoustic bores (shallow 
acoustic monitoring)
Dr Hadi Nourollah, Senior Geophysicist 
Project Status: In discussion with potential research 
providers. Project expected to start early 2022

Objectives 

The primary objective of this project is to investigate 
the feasibility of using shallow boreholes equipped with 
geophones/fibre optics to monitor the injected CO2 plume. 
The key parameters to be examined are:

 > Depth of investigation (injected plume): How deep a CO2 
plume can be to be visible by a series of shallow bores

 > Depth of the boreholes

 > Completion of the bore holes (e.g., vertical vs 
horizontal)?

 > The minimum size of the plume (Detection limit).

Expected outcomes

The study will complete a desktop simulation study and 
will deliver 

 > A report on the feasibility and design of the proposed 
methodology

 > Potential design/setting for field implementation.

Introduction

A range of geophysical techniques and technologies 
have been tested at the CO2CRC’s Otway International 
Test Centre (OITC) since 2005 to monitor the stored 
CO2, either in a depleted gas reservoir or a saline aquifer. 
Most recently, the implementation of permanent sources 
in combination with the Fibre Optics, using leading-edge 
technology, is being tested as part of CO2CRC’s Otway 
Stage 3 project. 

Downhole seismic and 4D Vertical Seismic profiling 
(VSP) have been tested as part of Stage 3 to monitor the 
injected CO2. The project requires deep bores (~1500m) 
to reach its objectives. Drilling is a major contributor to the 
overall cost of the monitoring phase. The cost of drilling 
reservoir-deep wells to implement Fibre Optics can be 
prohibitive.

The current proposal intends to investigate whether 
shallow wells 100-150m deep (rather than 1500m) armed 
with fibre optics sensors in combination with surface FO 
receivers could be acceptable alternatives in monitoring 
the injected CO2 plume. The project is funded by CO2CRC 
and is currently screening different universities to perform 
the work. The work is expected to start early 2022.

Methods and outputs

To fully assess the viability of the shallow acoustic 
monitoring, several phases including theoretical 
modelling/simulation, data-driven calibration and small 
field trial will be required. In Phase 1 (current proposal), 
a feasibility study using desktop models will be 
completed to evaluate the theoretical performance of the 
methodology. A forward geophysical model including ray 
tracing will be completed to investigate the underground 
fold coverage, the depth of investigation, minimum and 
optimum source, and receiver requirements. The key 
elements of the scope of work are as follows:

 > Generation of a subsurface acoustic model

 > Generation of the forward model of the CO2 plume 
(post injection)

 > Run ray tracing between the potential source points 
and shallow bores to detect signal

 > Investigate the effectiveness of the received signal 
from the target depth

 > Design optimisation.

Next steps 

The next step is to appoint a researcher and start  
the project.
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 > The hydrogen gas is transported by truck to a 
liquefaction and loading terminal at the Port of 
Hastings, the first of its kind in Australia.

 > The hydrogen gas is liquefied and then loaded on  
to a specially designed marine carrier for shipment  
to Japan.

Following two feasibility study projects (Gas clean-up and 
hydrogen purification, CO2 capture for HESC project) with 
industrial partners focusing on the conversion of brown 
coal to hydrogen, CO2CRC was awarded a contract in 
2018 to design and supply the gas refining facility for the 
HESC project at Latrobe Valley, Victoria. 

The gas refining skid receives syngas from the coal 
gasification plant. In the gas refining section, impurities 
such as chlorides, sulphides and cyanides are removed 
from the syngas. Subsequently, the cleaned gas 
undergoes shift reaction to enhance hydrogen recovery 
and finally, the product gas from the shift reactor is 
purified to achieve 99.999 % pure hydrogen.

GLP, a Melbourne based engineering company, was the 
main designer of the skid and builder of the unit. GLP also 
provided invaluable support to site operations throughout 
the project. CO2CRC managed the overall EPC milestone 
deliveries and key stake holder engagement. 

The project successfully produced 99.999% hydrogen, 
first in February 2021, and the final milestone of the 
performance test was concluded on 30th June 2021.

Methods and outputs

Post-delivery of the refining facility, the following methods 
were used to support site activities in completing the final 
performance test milestone:

 > Risk assessment

 > Technical resolution and management of change 

 > Document control and management

 > Punch list resolution

 > Onsite support for Commissioning and Operation 
activities, with remote assistance from OEM.

 > The project successfully met the final performance test 
milestone and successfully concluded on 30 June 2021. 

Next steps 

The HESC Pilot Plant is now in full operation and the 
supply chain is being tested by the client. The first 
shipment of sub-commercial volumes of Hydrogen from 
Victoria to Japan is planned for late 2021.

Reducing 
capture costs
Gas refining package for 
Hydrogen Energy Supply Chain 
(HESC) at Latrobe Valley 
K S Chan, Senior Manager — Capture & Utilisation 
Project Leaders: Saw Hong Lim, Dr Jai Kant Pandit, 
CO2CRC. EPC contractor Leader: Suyog Mahajan, GLP

Objectives 

To design, engineer and supply the gas refining package 
and hydrogen purification process skid on EPC basis for 
the pilot plant of the Victorian Hydrogen Energy Supply 
Chain (HESC) project that can produce pure hydrogen 
with purity of 99.999%. The unit was designed and built 
by GLP.

Outcomes

 > The gas refining and hydrogen purification process 
skids was successfully commissioned at the HESC 
Pilot site in the Latrobe Valley, Victoria 

 > 99.999% pure hydrogen was produced 

 > The skid was handed over to JPOWER in June 2021 
after a successful performance test.

Introduction

The world-first Hydrogen Energy Supply Chain (HESC) 
Project aims to safely produce and transport clean liquid 
hydrogen from Australia’s Latrobe Valley in Victoria to 
Kobe in Japan. A key objective of the pilot project is to 
demonstrate an end-to-end supply chain between Japan 
and Australia.

Hydrogen is a clean-burning fuel with a range of uses, 
from powering vehicles to storing energy. Hydrogen can 
make a significant contribution to the required transition 
to clean energy by replacing existing fuels and reducing 
CO2 emissions by many gigatonnes and across a broad 
range of applications.

Key elements of the pilot supply chain include:

 > Hydrogen is produced from coal at a newly 
constructed plant located at AGL’s Loy Yang 
Complex in the Latrobe Valley through a coal 
gasification and gas-refining Carbon offsets have 
been purchased to mitigate emissions from the pilot. 
In the commercial phase, CO2 would be captured 
during this process and stored deep underground.

CO2CRC’s research – Reducing capture costs
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Highlights

Together with GLP, CO2CRC has demonstrated its 
capabilities with successful completion of a first of its kind 
commercial EPC project with multiple stakeholders under 
the challenging environment caused by the COVID-19 
pandemic. OH&S has always been placed as top priority. 
The success of the pilot project not only demonstrates 
the value of international collaboration between Japan 
and Australia but also supporting local contractors.

Testimonial JPower: “The Hydrogen Energy Supply Chain 
(HESC) Project is a world-first initiative in demonstrating 
brown coal to hydrogen production, including supply of 
hydrogen to Japan. CO2CRC was involved in Pre-FEED, 
FEED and EPC services for delivery of the pilot hydrogen 
refining facility. The learnings from the pilot project are 
valuable to deploying a commercial scale project in the 
near future, where hydrogen from fossil fuels with CCS 
will be key to transitioning to a net-zero emission future.

 CO2CRC has demonstrated its resilience and flexibility 
while managing the challenging environment caused by 
the COVID pandemic. OH&S has always been placed as 
top priority. The success of the pilot project demonstrates 
the value of international collaboration between Japan 
and Australia.”

Testimonial GLP: “GLP is pleased to inform that it had 
an excellent and successful relationship with CO2CRC 
in delivering the first Syn gas based hydrogen plant in 
the country in 2020. The advantage of having a closed 
knit working relationship between GLP’s engineers and 
CO2CRC’s research team resulted in the successful 
development of conceptual design of the hydrogen 
plant. CO2CRC’s input in outlining expectations and 
also facilitating the relationship between all parties 
involved helped immensely in progressing further in the 
development of FEED study for the project. The project 
was finally sanctioned for the execution phase, thanks 
to tremendous efforts by CO2CRC in presenting the 
design to the end user and to Government officials. The 
project execution phase had several challenges of its 
own in terms of achieving the required delivery timelines 
under a strict budget while complying with the required 
codes, standards and specifications outlined by the 
EPC contractor that was nominated by the end user. 
However, GLP and CO2CRC, together with its strong 
relationship were able to successfully overcome all the 
challenges and deliver the skid in the stipulated time 
frame. This was then followed by offering strong support 
with great coordination to complete the on-site activities 
associated with the construction, pre-commissioning and 
commissioning of the hydrogen plant.

GLP sees the success of the hydrogen plant as a result 
of strong technical and commercial relationship over a 
period of 4 years with CO2CRC and looks forward to 
working in future with CO2CRC on several other projects 
to strengthen the relationship even more.”

Membrane gas-solvent 
contactor techno-economic 
study
K S Chan, Dr Jai Kant Pandit, CO2CRC 
Science Leaders: Assoc. Prof. Colin Scholes, The 
University of Melbourne 

Objectives 

 > To develop membrane contactor simulation models 
with the Aspen software suite and validate them using 
data from the Vales Point pilot plant test campaigns

 > To simulate large-scale membrane contactor 
capture plants, based on recovering 
CO2 from large industrial sources

 > Develop techno-economic models of membrane 
contactors, to evaluate this technology 
against other carbon capture processes and 
assess whether substantial cost-reductions 
can be realised at commercial scale. 

Outcomes

The project has established engineering simulation 
models of membrane contactor technology for CO2 
absorption and solvent regeneration, based on pilot plants 
tests undertaken previously by CO2CRC.

These contactor models have been used to undertake 
techno-economic simulations of large-scale CO2 capture 
processes, that enable contactor technology to be 
appropriately costed and compared against other CO2 
capture technologies.

The project’s success will enable membrane contactor 
technology to be promoted as a viable carbon capture 
approach, and subsequently enable the next phase of 
commercialisation. 

Introduction

Membrane gas-solvent contactors are a hybrid 
technology, which undertake traditional solvent absorption 
within a membrane module. The technology involves the 
transfer of CO2 from the flue gas through a hollow-fibre 
membrane where it is chemically absorbed into a solvent. 
This takes advantage of the highly selective nature of 
solvent absorption technology, while the membrane acts 
to physically separate the solvent and gas phases. This 
enables much higher CO2 mass transfer into the solvent 
phase than through traditional solvent absorption. 

In addition, the separation of the solvent and flue gas 
phases eliminates foaming and reduces liquid channelling; 
two major operating issues in solvent absorption columns. 

CO2CRC’s research –  Reducing capture costs
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industry carbon source (steam circuit integration, flue gas 
return, heat integration) to achieve technology readiness 
level (TRL) 7. The future campaigns should be focused on 
carbon intensive industrial processes like steel making, 
cement kilns, fertilisers and hydrogen from fossil fuels. As 
shown in figure 1, due to its compactness, the membrane 
contactor technology is particularly suited for retrofits 
where space is limited.

Highlights

This is the first model of hybrid membrane contactor 
technology, enabling simulations of a large-scale capture 
plant using efficiencies of both technologies to reduce 
capture costs.

Figure 1: Comparison of conventional absorber with membrane 
contactor for MEA solvent.

CO2-CH4 adsorbent research 
phase 1
K S Chan, Saw Hong Lim, CO2CRC 
Science leaders: Dr. Kevin Li & Dr Penny Xiao, The 
University of Melbourne 

Objectives

CO2CRC first started the CO2-CH4 Adsorbent research 
during the Otway Capture Skid test campaign in 2017-
2019. During this preliminary research the adsorbent 
has shown good capture characteristic to be developed 
further. This project is the continuity of the previous 
project with the objective to finalize the recipe of the novel 
adsorbent to be ready for pilot test to progress through 
higher TRL. 

Outcomes

A new recipe for the adsorbent material was developed 
with the aim to capture CO2 from high CO2 content 
natural gas up to 50 bars. The test results from this newly 
developed adsorbent have shown to be 3 to 4 times 
higher CO2 working capacity and selectivity as compared 
to the commercial adsorbent — Sorbead. 

Membrane contactor technology is also able to replace 
the solvent regeneration step. The membrane replaces 
the packed column of a solvent regenerator and enables a 
pure CO2 product stream to be efficiently generated. This 
is partially achieved by using steam as a sweep gas within 
the membrane contactor to remove the CO2 product, 
and hence enables some of the heating duty needed 
for regeneration to be undertaken within the membrane 
contactor. This reduces the size of the solvent reboiler 
and enables lower temperature solvent regeneration to 
be achieved. Therefore, membrane contactors reduce 
the energy demand of the solvent regeneration process 
and subsequently, the parasitic load of carbon capture on 
power generation. The equipment size for carbon capture 
can be reduced by up to two thirds, while the flexibility 
and modular nature of membrane technology enables the 
capture process to be easily accommodated into limited 
spaces. The membrane contactor technology captures 
CO2 at a significantly lower cost than competitive 
technologies.

CO2CRC has researched into this technology for more 
than 12 years. The current phase is to develop simulation 
models in the Aspen software suite for techno-economic 
models of membrane contactors. From the techno-
economic results, decision will be taken if this technology 
will be further developed. Investment will be required 
should this technology is to progress to the next stage  
of commercialization. 

Methods and outputs

 > Validated Aspen model simulations against pilot plant 
performance data of membrane contactor technology

 > The current stage of the project is the techno-
economic evaluation of simulated large-scale capture 
processes,  
to benchmark contactor technology against industry

 > Upscaling from pilot scale of 50kg/hr to commercial 
rates of 80t/day of CO2 for one membrane-contactor 
module

 > The evaluation aims to validate the preliminary techno-
economic analysis on cost of CO2 capture with 
membrane contactor technology of potentially below 
$30/tonne of CO2 with favourable electricity prices. 

Key publications 

Pandit, J and Chan, K, 2021. Techno-economic modelling 
for Membrane Contactor. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number RPT21-6351.

Next steps 

The next phase of technology commercialisation 
will depend on the results of the current techno-
economic study. Should this technology be feasible 
to commercialise, further funding will be required to 
undertake a larger scale pilot plant that integrates key 
components of the contactor technology directly with the 
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Introduction

Recovering methane from high CO2 content natural 
gas fields is the next frontier in natural gas exploration 
as these sources of gas are abundant and large. 
Conventional gas sweetening process technologies 
(usually liquid absorption) are energy intensive and require 
a large footprint. Second generation technologies, such as 
pressure swing adsorption (PSA) technology, have several 
advantages, such as low energy consumption and flexible 
process under various working conditions for CO2 removal 
from raw natural gas. 

The adsorbent tested during the Otway Capture Project 
(2017-2019) presented good potential to be applied in 
high pressure CO2 application. This project continues 
to further research on the adsorbent material, including 
finalising the recipe for scale up process.

The current TRL level is TRL 5, the next step is to further 
develop/test the new adsorbent material to higher TRL 
and potentially up to a commercial level application. 

Methods and outputs

 > Finalize material recipe and laboratory-based 
adsorbent scale-up process

 > Measuring adsorption isotherms for the developed 
adsorbent for CO2 and CH4

 > X-ray Powder Diffraction (XRD) analysis for structure 
characterisation of adsorbents

 > Energy-Dispersive X-ray Spectroscopy (EDS) analysis 
for element analysis within the developed adsorbent 
samples

 > Calculation for working capacity and selectivity.

Key publications 

Lim, S and Xiao, P, 2021. CO2-CH4 Adsorbent Research 
Phase 1 report. CO2CRC Ltd, Melbourne, Australia, 
CO2CRC Publication Number RPT21-6307. 

Next steps

 > Product to be pilot tested to progress higher TRL level

 > Develop process simulation for pilot experiment. 

Highlights

The result from this project shows that the new adsorbent 
(CO2sorb) presents 3 – 4 times higher CO2 working 
capacity and selectivity than the commercial Sorbead. 
This novel adsorbent material can potentially reduce 
capital cost via smaller PSA vessel size and less material. 

Direct Air Capture with CO2 
sequestration at OITC
K S Chan, CO2CRC 
Science leaders: Dr Jai Kant Pandit, CO2CRC 

Objectives 

 > Support demonstration and development of DAC 
technology as a Negative Emissions Technology (NET) 
with CO2 sequestration and potentially CO2 utilisation 
at the OITC 

 > Develop verification methods for DAC with CO2 storage 
(DACCS) to become eligible for carbon credits 

 > Establish OITC as potentially first in the world to 
demonstrate DACCS, through conventional geological 
sequestration in a porous reservoir of CO2 captured via 
direct air capture (DAC) 

 > Support DAC development with potential to 
demonstrate and test different/new prototypes of  
DAC units. 

Anticipated outcomes

 > Potentially global first long-term demonstration of DAC 
with CO2 sequestration in geological porous reservoir

 > Conduct a techno-economic assessment of DACCS 
technology as a NET based on demonstrated long term 
performance and costs

 > Progress DACCS technology and showcase its reliability 
as a mature NET through long term demonstration and 
verification methods for carbon credit

 > Support cost reduction efforts for carbon capture  
by DAC. 

Introduction

DACCS is an important technology in Sustainable 
Development Scenario with direct air capture scaled 
up to capture almost 10 Mt CO2/year by 2030. DAC is 
the most suitable technology to reduce emissions from 
distributed emission sources like transport sector which 
is Australia’s third largest source of greenhouse gas 
emissions (96 Mt CO2-e per year) and aviation sector that 
emits around 9.99 Mt of CO2-e per year. Without DACCS, 
the target of net zero emissions is very difficult to achieve. 

DAC is at an early stage of deployment. Currently, 
the captured CO2 is either being converted to fuel 
using available renewal energy or being sequestered 
into basalts using carbonated water injection. Both 
these approaches make DAC a very location specific 
technology. DACCS into porous reservoirs has 
orders of magnitude greater potential to be deployed 
close to known geological basins with significant 
storage capacity. Based on the latest status of DAC 
projects, demonstration of DAC with conventional CO2 
sequestration into porous reservoirs is 3-4 years away.

CO2CRC’s research –  Reducing capture costs
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Graphic to demonstrate location of potential 
Direct Air Capture Unit at the OITC.

Australia with the OITC in place has the benefits of 
DACCS ready in a very short timeframe. Recently, 
CO2CRC has completed a preliminary engineering study 
of compression and injection system for sequestering 
CO2 from DAC into deep porous reservoirs. This enables 
CO2CRC to start a potential demonstration of DACCS 
within six months of securing funding for this project.

The OITC is ideal for DACCS as it is one of the most 
advanced field scale CCUS research sites globally with 
a state-of-the-art infrastructure and facilities for CO2 
capture, CO2 sequestration, monitoring and verification. 
CO2CRC is dedicated to utilising the OITC to deliver 
innovative research, products and services designed 
to improve the cost-effectiveness and demonstrate 
the environmental integrity of CCUS technologies and 
methodologies. 

The OITC provides the required infrastructure for the 
field testing of DAC technology providers. The OITC has 
seven purpose-drilled wells for permanently monitoring 
the stored CO2. The OITC has maintained an operational 
safety record of zero lost time injury for more than 
14 years making it ideally suited for DAC technology 
demonstration and development with geological storage 
in a porous reservoir.

Methods and outputs

 > Operation of DAC unit for the DAC technology provider

 > Design and engineering for the compression and 
injection of CO2 from DAC unit 

 > Injection of captured CO2 for permanent underground 
storage and potentially for CO2 utilisation

 > Demonstration of DAC with CCS as a cost-effective 
negative emission technology and develop verification 
methods for carbon credits.

Key publications 

Pandit, J and Chan, K, 2021. Direct Air Capture with 
CO2 Sequestration at OITC. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number TBN21-6350.

Next steps 

 > Long term demonstration of DAC with CCS 

 > Techno economic analysis based on DAC operational 
data at OITC 

 > Further development of DAC as a cost-effective 
negative emission technology option.

Highlights

 > Completed the preliminary engineering study for 
compression and injection of CO2 for geological 
storage at OITC

 > Start the potential demonstration of DACCS within six 
months of securing funding, enabling Australia to lead 
progress in DACCS technology. 

CO2CRC’s research – Reducing capture costs
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Utilisation
High-level screening of 
Australia’s geological basins 
for potential of enhanced 
oil recovery utilising carbon 
dioxide
Dr Mohammad Bagheri, Senior Manager — Subsurface 
Project Status: Completed

Objectives

To assemble all the key geological information from 
relevant Australian basins and screen them according to 
their suitability for CO2-EOR and associated CO2 storage

Outcomes

 > Compiled data relevant to CO2-EOR for Australian oil 
and condensate-producing Basins 

 > Developed an integrated screening and ranking 
methodology for Australian Basins; and 

 > Produced a comprehensive report and Basin ranking 
which can be used by various stakeholders to gauge 
the broad potential for CO2-EOR in Australia’s key 
petroleum Basins 

 > Estimated a potential 1 billion barrels of enhanced oil 
recovery and approximately 1-3Gt of associated CO2 

storage in Australian basins.

Introduction

CO2 enhanced oil recovery (CO2-EOR) is a proven 
technology that can improve the yield of oil over time and 
extend the life of oil fields. The addition of CO2 into the oil 
reservoir increases the overall pressure of an oil reservoir, 
forcing the oil towards production wells. The CO2 can also 
blend with the oil, improving its mobility and so allowing 
it to flow more easily. In CO2-EOR, some portion of the 
injected CO2 remains in the subsurface. If the CO2 that 
returns to the surface is separated and reinjected to form 
a closed loop, this results in permanent CO2 storage.

Although CO2-EOR has been used successfully for 
decades around the world, it has not been deployed in 
Australia to date. The mature fields that are in the later 
stages of their life offer significant potential in terms of 
immediate CO2-EOR development. 

The goal of this study was to compile all the relevant CO2-
EOR data on Australian basins and develop a national 
integrated screening and ranking inventory that various 
stakeholders can use to gauge the broad potential for 
CO2-EOR in each basin.

This project provided a publicly accessible, transparent, 
up-to-date inventory of the CO2-EOR potential in 
Australia, which will be a key input into decision-making 
for policy purposes and, vitally, as precompetitive 
information to attract industry investment. Fourteen 
sedimentary Basins in Australia have identified petroleum 
resources, 10 of which were selected in this work and 
ranked for CO2-EOR feasibility in this study.

Each Basin was assessed based on the key parameters 
that influence CO2-EOR prospectivity: oil properties 
(API); pressure; temperature; reservoir quality (porosity, 
permeability, heterogeneity); availability of CO2 for EOR 
operations; and infrastructure to support EOR operations. 
Additionally, broad estimates were made regarding the 
magnitude of the stranded oil and condensate resources 
that are available for targeting via CO2-EOR technology, 
as well as the amount of CO2 that could be stored through 
CO2-EOR in these Basins. 

This project was funded by Low Emission Technology 
Australia (LETA). Geoscience Australia was the 
main project partner and CO2CRC provided project 
management services and technical peer review. The 
project concluded in March 2021.

Methods and outputs

The main elements of the scope of work were:

 > Basin selection for inclusion in the study

 > Inventory of key petroleum and basin parameters 
relevant for CO2-EOR:

 — Tabulation of oil API gravity, together with 
associated wells and formations

 —  Basin Pressure and Temperature tabulation and 
minimum miscibility pressure analysis if possible

 — Approximate reserve and volume of oil remaining  
in place

 — Key producing formations 

 — (Acquisition of the above data will most likely  
need to proceed basin by basin, and prioritised  
if necessary)

 > Acquisition of key parameters for major onshore basins 
(Cooper and Surat) will be prioritised

 > Semi-quantitative understanding of the potential for 
EOR associated CO2 storage at each basin level

 > Basin ranking document outlining identifying 
prospecting basins for CO2-EOR and associated  
CO2 storage.

CO2CRC’s research –  Enhancing CO2 utilisation
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Ten major oil producing basins of Australia including Bowen, 
Surat, Cooper, Eromanga, Gippsland, Bonaparte, Carnarvon, 
Canning, Amadeus, and Browse were evaluated for their 
CO2-EOR potential in this study. Each Basin was assessed 
based on the key parameters that contribute to a successful 
CO2-EOR prospect: oil properties (API), pressure, 
temperature, reservoir properties (porosity, permeability, 
heterogeneity), availability of CO2 for EOR operations, and 
infrastructure to support EOR operations. 

The results of the Basin screening are shown in Figure 2 
ordered by highest to lowest score. These scores exclude 
the potential of each Basin for incremental oil recovery and 
CO2 storage. The top three ranked Basins are the Bowen-
Surat, Cooper-Eromanga, and Gippsland Basins, which 
are all in relatively close proximity to the large east coast 
energy/oil markets. It should be noted that although the 
Bowen-Surat Basins received one of the highest rankings 
for CO2-EOR potential, the available oil resources are small 
compared to the other Basins and will be a factor when 
considering a future CO2-EOR industry in the area. The 
Cooper-Eromanga and Gippsland Basins also score very 
well, largely due to their good availability of CO2 and existing 
infrastructure, as well as reservoir properties. 

The next three Basins in the ranking are located offshore 
on the Northwest Shelf (Browse, Carnarvon, and Bonaparte 
Basins). While these three Basins have mostly favourable oil 
properties and reservoir conditions, the sparse CO2 sources 
and large distances involved, and sub-marine environment, 
lead to lower scores for CO2 and infrastructure.

The Canning and Amadeus Basins rank the lowest among 
the oil-bearing Basins assessed. They are both at very early 
stages of development, are located in the most remote 
regions of Australia, and as a result lack the CO2 or 
infrastructure required to implement CO2-EOR.

This work also, at a broad scale, estimated potential 
recoverable oil and CO2 storage capacity at 
basin level. It was estimated that CO2-EOR can 
potentially increase the Australian recoverable 
oil and condensate by 3 billion barrels across all 
of the basins. Subject to availability of CO2 the 
potential CO2 storage capacity associated with 
CO2-EOR varies between ~1-3 Gt depending 
on CO2 storage methodology and optimisation. 

Key publications 

Bagheri, M, Tenthorey, E, Kalinowski,A, Wintle,E, Easton,L, 
Mathews,E, McKenna,J and Taggart,I, 2021. Screening 
Australia’s Basins for CO2-Enhanced Oil Recovery. CO2CRC 
Ltd, Melbourne, Australia, CO2CRC Publication Number 
RPT21-6310.

Next steps 

The next step is to quantify the potential of CO2-EOR and 
its associated CO2 storage at field level in each basin. This 
work is in progress by CO2CRC for the Australian onshore 
basins in the Cooper and Surat basins.

Highlights

 > The first ever comprehensive CO2-EOR evaluation at 
basin level in Australia

 > Estimated a potentially significant volume of enhanced 
oil recovery and CO2 storage that could extend the 
life of the Australian oil and gas assets, delay the 
decommissioning expenditure, create new jobs, and 
significantly reduce the CO2 emissions.
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Figure 2: CO2-EOR ranking of Australian basins.
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help maintain Australia’s energy security while reducing 
the need to pursue higher intensity oil imports and more 
environmentally challenging settings for new oil reserves.

Phase 1 of this project, funded by LETA (Low Emission 
Technology Australia) and performed by Geoscience 
Australia and CO2CRC, screened and ranked Australian 
basins for the purpose of CO2-EOR. The purpose of 
current study (Phase 2) of this project is to quantify the 
potential of storing CO2 and producing lower carbon 
intensity oil from onshore Australian oil fields located in 
the Cooper/Eromanga and Surat/Bowen Basins. 

The current study is comprised of seven tasks, as follows:

 > Constructing the oil field database

 > Screening the oil field database to determine the 
technical viability of CO2-EOR

 > Estimating oil recovery and CO2 storage at field level

 > Identifying viable CO2 sources

 > Performing screening economic analysis

 > Discussion around supportive policies, incentives, and 
regulations.

Tasks 1 to 3 have been finalised to date. Task 1 involved 
the construction of a database of oil reservoirs in South 
Australia and Queensland. This data was compiled 
from numerous sources, including state databases, well 
completion reports, and the technical literature. The 
reservoir data was then verified with oil field operators to 
ensure data accuracy and completeness.

Tasks 2 and 3 built upon creation of the Australia CO2-
EOR Oil Field Database. Task 2 has involved the screening 
of the Oil Field Database to identify the larger oil fields 
and reservoirs that are technically viable for use of 
miscible CO2-EOR . Task 3 has involved modelling the 
application of CO2-EOR  in these oil fields to determine 
this technical potential for storing CO2 and producing 
lower carbon intensity oil.

Methods and outputs

The Australia CO2-EOR Oil Field Database was compiled 
separately for South Australia and Queensland. A general 
Workflow was followed for both data sets, however 
the methodology was adjusted based on the reservoir 
information available in each state. 

Reservoir screening and CO2-EOR modelling workflows 
were established to identify the technically viable CO2 
storage and lower carbon intensity oil production possible 
with CO2-EOR for major onshore oilfields. 

The first step in the workflow combined the individual 
South Australia and Queensland databases, developed by 
Task 1 of this study, into an overall Australia CO2-EOR Oil 
Field Database. The overall database was then screened 
to identify the technically viable CO2-EOR reservoir 
candidates. 

Using CO2-EOR to reduce the 
energy sector’s GHG emissions 
and improve oil recovery from 
Australia’s mature onshore oil 
fields
Dr Mohammad Bagheri, Senior Manager — Subsurface  
Project Status: In progress

Objectives

To provide insight to industry and government about 
potential opportunities around CO2-EOR, associated net 
CO2 storage, and high-level economics of the process at 
detailed field level for onshore Australian oil fields in the 
Cooper, Eromanga, Surat, and Bowen basins. 

Through this project, we envision providing a landmark 
study that would help industry more readily and efficiently 
pursue CO2-EOR options in Australia.

Outcomes

The main expected outcomes of the project are:

 > Onshore oilfields potential and screening for CO2-EOR 
by:

 — Estimating the viability of CO2-EOR at field level

 — Estimating oil recovery and CO2 requirements

 — Screening economic analysis

 > CO2 storage potential with the application of EOR for 
the fields above

 > Examination of supportive policies and incentives that 
would help accelerate the use of CO2-EOR.

Introduction

CO2CRC has launched a “pioneering” study to quantify 
the potential for storing CO2 and producing and 
consuming lower carbon intensity oil by applying CO2 
Enhanced Oil Recovery (CO2-EOR) to the onshore oil 
fields and reservoirs of Australia. The study is sponsored 
by NERA and supported by Santos, Beach Energy and 
Bridgeport and being performed in collaboration with 
Advanced Resources International (ARI) in the United 
States.

Numerous studies have shown that capturing and 
storing CO2 (CCUS) will be essential if Australia is to 
meet its commitments for transitioning to a notably 
lower CO2 emissions economy. Linking the storage 
of CO2 with its productive use in oil fields, combined 
with other policy support, will help in providing an 
economically viable “business case” for CCUS in Australia. 
Importantly, the linkage of CCUS with CO2-EOR will 
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Key publications 

Bagheri, M, Teoh, P, Nourollah, H, Wallace,M and 
Kuuskraa,V, 2021. Using CO2-EOR to reduce the energy 
sector’s GHG emissions and improve oil recovery from 
Australia’s mature oil fields Interim report — Task 2.1: 
Australia CO2-EOR Oil Field Database Compilation. 
CO2CRC Ltd, Melbourne, Australia, CO2CRC Publication 
Number RPT21-6354.

Bagheri, M, Teoh, P, Nourollah, H, Wallace,M and 
Kuuskraa,V, 2021. Using CO2-EOR to reduce the energy 
sector’s GHG emissions and improve oil recovery from 
Australia’s mature oil fields Interim Report — Tasks 2.2. 
CO2CRC Ltd, Melbourne, Australia, CO2CRC Publication 
Number  
RPT21-6355.

Next steps 

Subsequent tasks of this study will identify the potential 
sources of CO2 to be used and stored with CO2-EOR. It 
will also examine the economic feasibility of storing CO2 
with EOR in the Cooper/Eromanga and Surat/Bowen 
Basins, enabling Australia to pursue lower carbon intensity 
oil production and consumption. 

Highlights

The work to date shows that joint implementation of CO2 
storage and by product oil recovery using CO2-EOR 
could be undertaken in 104 technically viable onshore 
oil reservoirs in the Cooper and Surat basins. This would 
enable these basins to store 116 to 128 million metric 
tons of CO2 and produce 248 to 518 million barrels of 
lower carbon intensity oil depends on the deployed EOR 
methodology (Water Alternative Gas, WAG, or straight 
CO2 injection). 

These results show that the mature oil fields of Australia 
provide an ideal setting for storing CO2. Additionally, 
these fields have a demonstrated seal (caprock) that has 
trapped oil and gas for millions of years. These fields also 
have a defined structure (closure) that constrains the 
movement and the areal extent of the CO2 plume.

The workflow next established operating parameters used 
to model CO2-EOR in the technically viable oil reservoirs. 
These parameters were incorporated into a CO2-EOR 
Prophet model simulations and included:

 > Reservoir pattern size 

 > Injection rate 

 > CO2 flood parameters.

The workflow then integrated the data on technically 
viable CO2-EOR reservoir candidates with the model 
parameters to generate unique model input data sets for 
each reservoir. This input data was used with the CO2-
EOR Prophet model, to generate output data streams, at a 
pattern and field level, including:

 > Oil production,

 > CO2 injection,

 > CO2 production,

 > “Stored” CO2,

 > Water injection, and

 > Water production.

The results from modelling the individual oil reservoirs 
were combined to establish the technically viable volume 
of CO2 storage and lower carbon intensity oil production 
for South Australia and Queensland.

Two key scenarios were run to estimate the potential 
EOR and CO2 storage by injection Water Alternative 
Gas (WAG) and straight CO2. The Straight CO2 Injection 
flood model showed that onshore Australia’s oil fields 
have the technical potential to store approximately 116 
million metric tons of CO2 and provide 248 million barrels 
of lower carbon intensity oil. The WAG CO2 flood model 
shows that onshore Australia’s oil fields have the technical 
potential to store approximately 128 million metric tons 
of CO2 and provide 518 million barrels of lower carbon 
intensity oil (Figure 3).

Figure 3: The potential of onshore Australian oil fields in the Cooper and 
Surat basins for enhanced oil recovery and associated CO2 storage.
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Techno-economic assessment 
of a carbon negative biorefinery 
for Australia
Dr Adeel Ghayur, Project Manager — Utilisation

Objectives

The aim of this study was to model a small scale 
biorefinery which is commercially viable by carrying out 
a techno-economic assessment. A smaller biorefinery 
(400 tonnes per day) would reduce the non-food biomass 
feedstock demand thus allowing for easy sourcing from 
the areas in close proximity. Additionally, the smaller 
scale would lead to lower capital cost for the commercial 
biorefinery compared to the traditional 2,000 metric 
tonnes per day (t/d) or larger biorefineries. Finally, it 
will establish the lower scale limit of a Carbon Negative 
Biorefinery for commercial production  
of carbon negative biochemicals.

Outcomes

A carbon negative biorefinery that consumes 400 t/d of 
biowaste and CO2 was modelled. The techno-economic 
simulation results have shown the 400 t/d as the sweet 
spot where the carbon negative biorefinery is profitable. 
The techno-economic assessment’s results strengthen 
the case for a carbon negative biorefinery demonstration 
facility.

The results show that the carbon negative biorefinery 
consumes 130,000 metric tonnes per annum (t/a) of 
waste biomass, 40,000 t/a of sulphuric acid, 17,000 t/a 
of ammonia and 76,000 t/a of CO2. In total 151,000 t/a of 
CO2 is removed from the atmosphere.

The biorefinery produces 50,000 t/a of succinic acid, 
25,000 t/a of methanol and 55,000 t/a of ammonium 
sulphate. All the parasitic heat and electricity duties 
are fulfilled within the biorefinery. 7,900 t/a hydrogen 
production’s electricity demand is fulfilled via an onsite  
52 MW wind farm. 

Simulation results show a capital expenditure (CAPEX)  
of $ 357m and an annual operating expenditure (OPEX)  
of $53m, and a succinic acid Minimum Selling Price (MSP) 
of $ 2,400/t. Depending upon the market price of succinic 
acid potential annual revenue will be between $5m (at 
succinic acid market price of $2,500/t) and $130m (at 
$5,000/t). The CAPEX includes the cost of the wind farm 
and the electrolysers. Sensitivity analysis shows that the 
MSP is highly susceptible to variations in CAPEX and 
discount rate and least susceptible to the variations in 
waste feed fee and fixed operating expenditure.

Introduction

Negative emission technologies (NET) have been singled 
out as essential to limit the temperature increase to 1.5 
⁰C. A Carbon Negative Biorefinery is a commercially viable 
NET that consumes wastes and CO2 to produce carbon 
negative platform chemicals and products. 

Typically, biorefineries are modelled at 2,000 t/d 
feedstock scale with the largest being at 4,000 to 
5,000 t/d. This scale of biorefinery requires investments 
reaching into billions of dollars and access to a large 
economically sourced biomass feedstock, both of 
which can prove to be significant obstacles for a viable 
biorefinery project. 

The goal in this study was to model a biorefinery at 
a much smaller scale that would reduce the biomass 
demand thus allowing for easy sourcing from the areas in 
close proximity. At a smaller scale while the cost would be 
lower, the economics might not be favourable. This is the 
gap, which the current study addresses, and assesses the 
techno-economics of this smaller scale at 400 t/d. This 
scale corresponds approximately to the waste generated 
in the Gippsland region of Victoria (Australia) or waste 
going to one metropolitan landfill site in Melbourne, 
Victoria. This scale is also applicable to other regions or 
cities in Australia. 

Methods and outputs

Two cases have been modelled in this study employing 
techno-economic analyses that includes: conceptual level 
of processes designs to develop detailed process flow 
diagrams based on published literature; mass and energy 
balancing via simulation as zero dimensional energy model 
in a simulation suite; capital and project cost estimations 
from National Renewable Energy Laboratory’s equipment 
costs, the Callide oxyfuel project and market prices/costs; 
and a published discounted cash flow economic model for 
the calculation of the MSP.

The modelled biorefinery removes 151,000 t/a of CO2 from 
the atmosphere. This is in addition to the elimination of the 
CO2 emissions associated with the production of succinic 
acid and methanol using fossil fuels. Results of this study 
provide sufficient data to conclude that a carbon negative 
biorefinery is technically and economically viable, it has 
carbon negative potential and a capacity for regional 
economic activity generation through utilisation and 
value-addition of the biorefinery platform chemicals e.g., 
methanol as fuel, succinic acid conversion into adhesives 
for the construction industry and biodegradable plastics.
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Circular Bioeconomy and 
Hydrogen Utilisation Hubs 
(CBHUB)
Dr Adeel Ghayur, Project Manager — Utilisation

Objectives

The aim of this project is to develop the Circular 
Bioeconomy and Hydrogen Utilisation Hub (CBHUB) 
concept as the first-of-its-kind cradle-to-cradle 
innovation centres for: laboratory research; piloting; and 
demonstration. Each CBHUB will focus on a specific range 
of feedstock and a range of products. Each CBHUB will 
have multiple industrial and research partners. CO2CRC 
will provide technical expertise towards the establishment 
of each CBHUB facility and direct the research. The 
collaborative Governance and Operational Models of each 
CBHUB will be driven by the project partners of each 
facility. High-level CBHUB objectives for each facility are to:

 > Establish each CBHUB as hydrogen, circular and 
bio-economy centric research, development and 
demonstration (RD&D) hub, thus making it as flexible 
and futureproof as possible. In contrast, typical 
research hubs/centres are technology centric, making 
them inflexible from conception

 > Make each hub as an industry led RD&D hub, focusing 
more on commercial research as prioritised for each 
CBHUB facility

 > Develop new methodologies, processes and 
technologies for commercially viable production of 
renewable analogues to non-renewable products

 > Provide facilities to customers at all three scales, 
namely: laboratory, pilot and demonstration

 > Demonstrate biomass, waste, hydrogen and CO2 
conversion to chemicals, polymers and bioproducts

 > Demonstrate the entire cradle-to-cradle cycle from 
waste to product and back to product, i.e., using 
biomass to produce plastic bottles and then reusing 
the plastic bottles at their end-of-life as a waste feed to 
produce new plastic

 > Train and skill next generation of scientists and 
workforce in hydrogen, circular and bio-economies

 > Support Australia as a leader in hydrogen, circular and 
bio-economies

 > Support regional growth in jobs, investment and 
economic activity surrounding the CBHUB facility upon 
successful implementation of a facility.

Key publications 

Ghayur, A, Pandit, J, Chan, K and Raab, M, 2021. Techno-
Economic Assessment of a Carbon Negative Biorefinery 
for Australia. CO2CRC Ltd, Melbourne, Australia, CO2CRC 
Publication Number RPT21-6329.

Ghayur, A, 2021, Techno-economic simulations of carbon 
negative biorefinery for the Australian circular bioeconomy 
producing succinic acid, methanol and ammonium sulphate 
from wastes. (in press). CO2CRC Publication Number 
JOU21-6322.

Next steps 

The next step would be a demonstration scale biorefinery. 
The opportunity is to develop a demonstration biorefinery 
that could demonstrate a specific range of products, 
thereby helping to bring down the total cost of the 
demonstration. This in turn, would help commercialise a 
number of biorefinery technologies.

Highlights

400 t/d Carbon Negative Biorefinery is commercially 
viable with succinic acid Minimum Selling Price of 
$2,400/t.
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Outcomes

The CBHUB appraisal stage has finished, and two 
concept papers are complete. 

The concept is progressing with the CBHUB for the 
Gippsland region in Victoria, Australia. The Gippsland 
project has been titled: Carbon Negative Hydrogen 
Utilisation Hub (CNHUB). 

Introduction

As the world continues its transition to hydrogen and 
circular bio-economies, low emission technologies and 
clean hydrogen will play significant roles. With biomass 
and biowastes replacing fossil fuels as the main sources 
of virgin carbon; and clean hydrogen replacing grey 
hydrogen; carbon negative and carbon neutral products 
would replace their fossil fuel derived analogues in these 
economies.

Successful transition to hydrogen and circular bio-
economies requires alternative cost-effective strategies 
for the demonstration stage of new low/negative emission 
technologies. One of these solutions is a demonstration 
scale biorefining hub based on a Carbon Negative 
Biorefinery concept that is flexible enough to test a range 
of biorefinery processes for different caron negative/
neutral products. Current designs and operational 
practices of the demonstration stage are not flexible. 
As a result, multiple demonstration biorefineries are 
required to be constructed for the same biochemical if 
there are multiple pathways to produce it. This makes the 
demonstration stage very expensive and time consuming. 
Here, CBHUB will fill the vital gap of a flexible demo-
biorefinery. Each CBHUB will have the equipment and 
technologies for the demonstration of the entire process 
of a biorefinery from waste feed to the final platform 
chemical product thereby supporting them to potential 
commercial maturity.

Methods and outputs

The CBHUB project development is following CO2CRC’s 
Common Project Development Process. Currently, 
the project has finished the appraisal stage, with the 
deliverable of two reports.

Key publications 

Ghayur, A, Pandit,K, Chan, K and Raab, M, 2021. Concept 
Paper for the Carbon Negative Hydrogen Utilisation Hub in 
Gippsland. CO2CRC Ltd, Melbourne, Australia, CO2CRC 
Publication Number RPT21-6325.

Ghayur, A, 2021. Initial Study for the Circular Bioeconomy 
and Hydrogen Utilisation Hub Concept. CO2CRC Ltd, 
Melbourne, Australia, CO2CRC Publication Number 
RPT21-6309.

Next steps 

The evaluation stage will be carried out with the 
deliverable of the Prefeasibility Study. This study is 
expected to cover six main areas with sub-stages as 
depicted in the following figure 5.

Highlights

The CBHUB concept is versatile and can address 
multiple Government initiatives in hydrogen, recycling 
and circular bioeconomy. For example, the concept is 
currently supported by Gippsland Regional Hydrogen 
Cluster specifically for the Gippsland Region under 
the name of CNHUB (Carbon Negative Hydrogen 
Utilisation Hub) with focus on carbon negative hydrogen 
production and renewable carbon products.
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Figure 5: Six main areas of the prefeasibility study.
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The main reasons for overall higher capture costs in 
India result from higher costs of electricity and steam, 
higher local taxes and interest rates compared to 
refineries in North America and Europe 

 > However, based on a strong demand and market 
growth in India to produce food grade CO2, capturing 
from refineries could still potentially provide an 
attractive 11-12%internal rate of return for IOCL, making 
it a considerable long-term investment option. 

Introduction

The Asian Development Bank (ADB) is supporting Carbon 
Capture Utilisation and Storage (CCUS) research as part 
of its low carbon development efforts. The ADB also 
provides direct technical assistance (TA) to its developing 
member countries (DMC) for project preparation, policy 
analysis, and capacity building, which is designed, 
financed, and implemented based on country and 
subregional strategies agreed upon by ADB and its DMCs. 

Considering near- and medium-term low carbon 
scenarios, decarbonisation of the ADB DMCs will require 
CCUS technologies. ADB’s energy sector TA projects 
and investment projects continue to support CCUS when 
considering technology options to reduce emissions from 
power and industries. 

ADB is working with IOCL to explore the opportunities of 
decarbonising the refining sector of India through CCUS. 
IOCL has sought ADB’s assistance in preparation of a 
prefeasibility studies for the following projects:

 > Food grade CO2 production at Panipat Refinery & 
Petrochemical Complex, Haryana

 > Food grade CO2 production at Paradip Refinery, 
Odisha.

ADB has appointed a team of CCUS experts including 
CO2CRC to conduct prefeasibility studies on deploying 
CCUS on IOCL’s refineries in India.

Methods and outputs

 > Selection of flue gas stream for CO2 capture and 
utilisation based on analysis of flue gas characteristics 
and emission data provided by IOCL for its refineries at 
Panipat and Paradip India

 > Capture plant modelling and simulation on ProMax® by 
Technip India based on technical input from CO2CRC 

 > The capital cost of the capture plant is estimated 
based on the quotes from equipment vendors, 
equipment cost data from Technip India, and using a 
cost capacity method

 > Financial analysis of CO2 capture and utilisation 
performed by the financial expert appointed by ADB 
based on cost estimates provided by CO2CRC and 
Technip India.

Carbon capture and utilisation 
(CCU) prefeasibility on food 
grade CO2 in refineries of 
Indian Oil Corporation Limited 
(IOCL)
Dr Jai Kant Pandit 
Project Funded by Asian Development Bank (Contract No. 
161310-S29515)

Objectives

 > To support Developing Member Countries of Asian 
Development Bank (ADB) improved understanding of 
Carbon Capture and Utilisation (CCU) for food grade 
CO2 utilisation in the petroleum refinery sector

 > To seek pilot or large-scale demonstration project/s in 
hard to decarbonise refinery sector

 > To research applicability of CCUS technologies for the 
refinery sector to aid in its transition to a low carbon 
future

 > To provide an overview of the status of CO2 capture 
technologies and their suitability for the refinery sector 
of India

 > To prepare technical specification of the plants and 
calculate a high-level cost estimate of the project

 > To provide techno-economic information to support 
investment decisions.

Outcomes

The project was fully funded by the Asian Development 
Bank (ADB) and the final report is still under review by 
ADB and Indian Oil Corporation Limited (IOCL). The 
detailed techno-economics studies will be release 
once approved by ADB and IOCL. Below is a high-level 
summary of the report.

 >  The various flue gas streams from the IOCL refineries 
were categorised. The high concentration (>80% CO2) 
CO2 streams are suitable for producing food grade CO2 
through compression and refrigeration processes 

 > The low concentration stream (<25% CO2) can be the 
feed streams for CO2 capture 

 > The most suitable streams for CO2 capture were flue 
gas from the hydrogen generation unit and flue gas 
from the Naphtha Catalytic Cracker unit 

 > A preliminary techno-economic analysis conducted on 
the capture plants revealed costs of CO2 capture at 
US$ 114.4/t CO2 as compared to published figures of 
US$ 40 to 130 /t CO2 for MEA solvent technology.  
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Outputs

Project inception report and final report.

Key publications 

The full report will be published by ADB after getting 
clearance from IOCL on confidentiality. Any publication  
in open domain will be done after IOCL review.

Pandit, J and Pazhanivel,K, 2021. TA-9686 REG: 
Integrated High Impact Innovation in Sustainable Energy 
Technology—Prefeasibility Analysis for Carbon Capture, 
Utilisation and Storage (Subproject 2)—(52041-003). 
CO2CRC Ltd, Melbourne, Australia, CO2CRC Publication 
Number RPT21-6376.

Pandit, J, 2020. Prefeasibility Analysis for Carbon Capture, 
Utilisation and Storage—Refinery Sector. CO2CRC Ltd, 
Melbourne, Australia, CO2CRC Publication Number  
RPT20-6248.

Next steps 

ADB has approved the reports and it is now under review 
by IOCL. IOCL will present the outcomes of the study 
to its executive and, once approved, will proceed with a 
detailed feasibility study as per the recommendation of 
the report.

Highlights

This is the first time CO2CRC has completed a study for 
decarbonisation options in the refinery sector. This is also 
the first project that CO2CRC has completed for an Indian 
based organisation. 
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The benefit to industry would be a proven technology that 
would significantly improve the utilisation of pore space 
and therefore, reducing the required CAPEX for CCS 
projects through reducing the number of injection wells.

Distributed Strain Sensing 
(DSS) Technology
The Distributed Strain Sensing monitoring technique has 
been developed by RITE in Japan. Several lab and field 
studies have used the DSS tool to demonstrate that the 
deformation recorded during fluid injection in rocks can 
be utilised to obtain information on track pressure, fluid 
plume migration, reservoir properties and well integrity.

The main purpose of DSS technology is to monitor 
geomechanical deformations or earth science. This will 
enable in situ monitoring of CO2 migration along the fault 
and monitor CO2 plume migration around the well and 
injection. DSS could be used to understand reservoir 
formation and reservoir flow owing to hydromechanical 
coupling as well, hence this technique can be used to 
monitor well integrity. 

One of the main challenges in the CCS industry is 
well integrity issues in both new and existing legacy 
wells. An effective monitoring of the wellbores for their 
integrity would not only help to carry out safer projects, 
but also help to reduce the cost of well remediations. 
RITE has recently successfully shown (at lab-scale) the 
effectiveness of using DSS to detect small amount of CO2 
at the wellbore. CO2CRC has a shallow infrastructure 
in OITC which is best suited to perform cost effective 
demonstration projects. RITE and CO2CRC are exploring 
the opportunity of deploying the developed DSS 
technology in a shallow well and assess its effectiveness 
in detecting a small amount of CO2. This could also 
potentially be extended to a deep well contingent on 
positive results at shallow wells. 

The other potential application of DSS is to measure 
pressure along the wellbore during a CO2 injection project. 
To date, pressure measurement has been done through 
pressure gauges which provide pressure at one single 
point. Measuring pressure along the perforation would 
help to understand the distribution of CO2 in the injection 
formation and improve the imaging of the injected CO2. 
This functionality would also be tested during the shallow 
experiment above and the aim is to image the injected 
plume as a first trial. 

Accordingly, subject to successful trial of DSS in OITC,  
the industry would have an invaluable cost-effective 
technology to:

 > Monitor and address the well integrity issues during 
CO2 injection projects

 > More robustly image the distribution of the injected 
plume in the reservoir

 > Measure the reservoir pressure along the wellbore 
rather than at a single point

International 
collaboration
With the recent government announcement on 
international collaboration to drive development of low-
emissions technologies, CO2CRC’s Otway International 
Test Center (OITC) is best suited to explore opportunities 
to enhance the efficiency of underground CO2 storage. 
Given the recent installation of new infrastructure 
associated with the Otway Stage 3 project, the OITC is 
globally unique as a ‘sub-surface’ laboratory to address 
future CCS research needs. It provides the foundation on 
which CO2CRC can strengthen international scientific 
collaborations to accelerate the uptake of low emission 
technologies at scale.

Two of key CO2CRC international partnership 
opportunities that fit squarely within the national 
ambition in this area lie under development with Japan’s 
Research Institute of Innovative Technology for the Earth 
(RITE). Both parties have entered into a Memorandum 
of Understanding (MOU) for a collaborative research 
partnership that will advance CCUS technologies with an 
emphasis on field trails at the OITC. The specific areas of 
research that illustrate the potential of this partnership are 
as follows:

Microbubble Injection 
technology
Injection of CO2 as microbubbles can increase storage 
capacity and sweep efficiency in CO2 storage projects. 

Due to the large specific surface area, a microbubble 
(~10-100 μm diameter) has a reduced buoyant force 
and more rapid rate of dissolution into formation water 
compared to normal bubbles of CO2. The combined 
effects of enhanced dissolution and sweep efficiency in 
microbubble CO2 injection enables more CO2 to be stored 
in a reservoir at higher injection rates. Upon successful 
demonstration, it could also reduce the number of 
injection wells required to inject the same amount of CO2 
which consequently reduces the required CAPEX for CCS 
projects.

The microbubble injection technology has been developed 
by RITE. It has been proven at lab scale and at near 
wellbore scale for CO2 enhanced oil recovery. However, 
no field scale trial of microbubble CO2 injection has been 
conducted for purely CO2 storage projects. CO2CRC and 
RITE are exploring a collaborative opportunity for a field 
demonstration of the technology at the OITC. It would 
aim to demonstrate the effectiveness of microbubble 
technology, using the OITC’s advanced monitoring 
capability to accurately assess the injection performance. 
Already injected CO2 at the Otway using Normal Bubble 
provides a great baseline to be compared against the 
performance of Micro Bubble injection.
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The rich dataset generated from this field experiment 
would form a foundation dataset to be used internationally 
to calibrate and improve models predicting CO2 migration 
behaviour in faults and around the wells, increasing 
confidence in the modelled predictions, and help inform 
geological storage risk assessments. 

The largest cost reductions resulted from this technology 
come from advanced sensing and real-time monitoring 
that allow for reduced downtime and early detection of 
CO2 migration or leakage, due to improved tracking and 
predictive maintenance.
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Board  
members

Martin Ferguson has a long history of public service and 
work in economic and social policy. Martin has chaired the 
board since September 2014.

From 1984 until 1990 Martin served as the General 
Secretary of the Miscellaneous Workers Union and from 
1990 until 1996 as President of the Australian Council of 
Trade Unions (ACTU). As a senior trade union official, from 
1984 until 1996 he sat on the ACTU National Executive, 
participating directly in shaping and implementing many 
of the economic reforms of the Hawke and Keating 
Governments. 

In March 1996, Martin was elected as a Member of the 
Federal Parliament in the seat of Batman, in Melbourne, 
which he held until retiring in 2013. He was appointed a 
Member of the Order of Australia in June 1996. 

During the Howard Government, Martin served in a range 
of economic shadow portfolios, including Employment and 
Training; Immigration and Multicultural Affairs; Regional 
Development, Infrastructure, Transport, Regional Services 
and Population; Urban and Regional Development, 
Transport and Infrastructure; Primary Industries, 
Resources, Forestry and Tourism; and Transport, Roads 
and Tourism. 

Upon the Rudd Government assuming office in December 
2007, Martin was appointed the Minister for Resources 
and Energy and the Minister for Tourism, and acted as 
the Chair of the Standing Council on Resources and 
Energy and the Ministerial Council for Tourism. He held 
the Resources, Energy and Tourism portfolios until March 
2013, when he resigned from the Ministry. 

Martin is chair of an advisory board to the Australian oil 
and gas industry association, APPEA and is the Strategic 
Director of Natural Resources to SGH Energy. He also 
chairs Tourism Accommodation Australia organisation. 

Martin was a member of the University of Western 
Australia’s Industry Advisory Board on Resources and 
Energy from 2013 until it was abolished in late 2018. From 
2014-16 he was an Independent Director of the BG Group 
in London prior to its takeover by Shell and he chaired the 
University College of London’s, Adelaide Campus Advisory 
Board until it merged with the University of S.A. in late 
2017. 

Martin has an honours degree in economics from Sydney 
University. 

Special responsibilities: Chairman of the Board,  
Chair of Appointments and Remuneration Committee.

Martin Ferguson AM 
BEc (Hons)
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Dr Matthias Raab 
PhD, MSc 

Matthias commenced as Chief Executive Officer of 
CO2CRC on 1st August 2021 after holding the position 
of Chief Operating Officer with the company since 2015. 
During his time as Chief Operating Officer, Matthias had 
strategic and operational responsibility for CO2CRC's 
research facilities, research programs and the delivery of 
major research and infrastructure projects. Prior to this, 
he was CO2CRC’s Program Manager with responsibility 
for fifteen major carbon storage projects in Australia.

Matthias has also worked for the State Government 
of Victoria as Project Manager Energy (Department 
of Primary Industries, GeoScience Victoria). He 
was one of the lead authors attracting $100M in 
funding for the CarbonNet project. He also managed 
Australia’s largest 2D marine seismic survey exploring 
for large scale CO2 storage in Bass Strait. 

Special responsibilities: Chief Executive Officer CO2CRC, 
Managing Director CO2Tech Pty Ltd, Member of the 
Finance, Risk & Audit Committee. (Appointed August 2021)

David Byers 
BEc, LLB, G Dip. Energy & Resources Law, GAICD 

David led the organisation as Chief Executive Officer for 
the past three years completing his term in August 2021. 
He has more than 30 years’ experience across the oil, gas 
and minerals industry in Australia and internationally with 
appointments in chief executive and senior leadership 
roles in public, membership and commercial organisations. 

Some highlights include his appointment as interim Chief 
Executive of the MCA (Minerals Council of Australia) 
prior to joining CO2CRC, his earlier role as Vice President 
Government Relations and Public Policy for BHP, four 
years as Chief Executive of APPEA (Australian Petroleum 
Producers and Explorer’s Association), three years as 
Chief Executive of CEDA (Committee for Economic 
Development of Australia) and 17 years working in senior 
leadership roles for ExxonMobil in Australia, Singapore 
and the United States. 

In 2018, he was appointed a member of the Australian 
Statistics Advisory Council, the key advisory body to the 
Federal Assistant Treasurer and the Australian Bureau 
of Statistics (ABS) on national statistical services. In 
June 2020 he was appointed by the Minister for Industry, 
Energy and Emissions Reduction as a member of the 
Emissions Reduction Assurance Committee, which he 
now Chairs. He was recently appointed Honorary (Senior 
Fellow), Chemical Engineering, University of Melbourne 
and is a member of the Peter Cook Centre Advisory 
Council, Melbourne University.

Special responsibilities: Chief Executive Officer CO2CRC,  
Member of the Finance, Risk & Audit Committee, 
Managing Director CO2Tech Pty Ltd.  
(Resigned August 2021).
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Mick Buffier 
BE (Civil) (Hons) from The University of Sydney, 
MBA from The University of Newcastle

Mick is responsible for Sustainable Development and 
Industry Relations for Glencore’s coal assets, a role he 
took on following Xstrata’s merger with Glencore in May 
2013.

He has more than 30 years’ experience in the coal mining 
industry. Appointed Group Executive, Xstrata Coal in 
March 2009, he was responsible for Corporate Affairs, 
Government Relations and Sustainable Development 
across Xstrata’s global coal operations.

From 2002-09, he was Chief Operating Officer of Xstrata’s 
NSW coal mining operation.

Mick is the former Chairman and a current director 
and member of the NSW Minerals Council (NSWMC), a 
ministerial appointee to the NSW Coal Innovation Council, 
a director of the Australian Coal Association Low Emission 
Technologies Pty Ltd (ACALET) and ANLEC R&D.

On an international level, he is a former Chairman and 
current Vice Chairman of the World Coal Association 
(WCA) and an Associate of the International Energy 
Agency (IEA) Coal Industry Advisory Board (CIAB).

Fiona Hick 
BEng (Hons), BAppSci (Energy), FIEAust 

Fiona Hick has 25 years of professional experience 
across the oil, gas and resources sector. She has led 
Woodside Operations since 2019 as Executive Vice 
President Operations at Woodside Energy. In this role 
she is responsible for all of Woodside’s global health, 
safety and environment, producing facilities, operations 
and maintenance, subsea and pipelines, logistics and 
reservoir management functions. Fiona has been with 
Woodside for twenty years across a variety of roles 
spanning engineering, operations, corporate and business 
management. Prior to joining Woodside, Fiona worked 
for several years with Rio Tinto living and working in their 
remote locations.

Fiona is current President of The Chamber of Minerals 
and Energy of Western Australia and the first female 
president in its 119 year history. CME and its member 
companies represent the resources industry in Western 
Australia and over 2020/2021 played a key role in 
allowing the WA resource sector to collaborate and 
continue to operate both safely and effectively through 
COVID-19 with subsequent record annual sales, State 
and Federal government revenue contribution and 
number of people employed across the sector. Prior 
industry roles include Vice President CME and Chair of 
the APPEA Environmental Science Working Group. Fiona 
is a graduate of the Australian Institute of Company 
Directors, Associate Fellow of the Australian Institute of 
Management, a Fellow of the Institute of Engineers and 
also a member of the University of Western Australia’s 
Strategic Resources Committee. Fiona has served on the 
Board of CO2CRC since 2018.

Special responsibilities: Member of Finance, Risk and 
Audit Committee
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Dr Andrew Heap 
BCom/BSc, MSc (Hons), PhD

Andrew Heap has 20 years of professional experience 
in leading precompetitive geoscience research within 
the Australian Government. This includes more than 
seventeen years as a senior leader in Geoscience 
Australia, with responsibility for energy and mineral 
resources, carbon capture and storage, marine 
geoscience and groundwater programs. Andrew has 
published over 100 scientific and technical papers and is 
a member of twelve professional organisations. Andrew 
has responsibility for building a national prospectus 
of energy and mineral groundwater resources across 
Australia through regional geological framework 
studies, and delivery of pre-competitive scientific data 
and information. Andrew represents Australia in the 
International Ocean Discovery Program (IODP) as Council 
Member of the Australia–New Zealand IODP consortium 
and is the Federal Government’s representative on the 
Energy National Cabinet Reform Committee | Geoscience 
Working Group

Special responsibilities: Member of Program Advisory 
Committee

Brian Kitney 
GAICD, MBA, MA

Brian is an independent Director with over 30 years 
industry experience in oil and gas in Australia and 
Asia. He is currently working with one of the world’s 
largest gas companies to develop hydrogen, renewable 
power and CCS investments as well as LNG trading 
and LNG import terminals. Brian has held senior 
industry positions including Vice President Commercial 
at Osaka Gas Australia, Head of LNG Origination 
at AGL, Vice President Commodities at JPMorgan 
Securities Japan and has also held senior positions at 
Apache Energy Ltd and Mitsui & Co (Australia) Ltd.

Brian has obtained an MBA from Curtin University, a 
Master of Applied Japanese Linguistics and a Graduate 
Diploma in Diplomacy and Trade from Monash University, 
a Graduate Diploma from Swinburne University, a 
Graduate Diploma of Applied Finance from Kaplan and a 
Diploma of Financial Markets from AFMA. Brian is also a 
Graduate of the Australian Institute of Company Directors 
and was previously Director of a number of Osaka Gas 
subsidiaries. Brian joined the Board of CO2CRC in 
March 2017. He is also a Director of CO2Tech Pty Ltd.

Special responsibilities: Member of Finance, Risk 
and Audit Committee, Director of CO2Tech Pty Ltd
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Bill McKenzie 
BE (Chem) Hons, FIChemE, CEng, RPEQ, MAICD

Bill is a chartered chemical engineer with senior 
leadership experience across a range of fields including 
business strategy, project development, operations 
management and process safety within the upstream 
and downstream oil & gas sectors. Bill graduated 
from the University of Queensland with a Bachelor of 
Chemical Engineering (Hons) in 1992 and is a Fellow of 
the Institute of Chemical Engineers. Bill is passionate 
about process safety and how engineering can provide 
solutions to climate change and the energy transition. 
He has previously served as an editor of IChemE’s Loss 
Prevention Bulletin and a executive director for QGC and 
its subsidiary companies.

Beginning his career as a process engineer with BP, 
Bill worked his way through a wide variety of technical, 
operational and commercial roles before serving in senior 
managerial roles in Origin Energy, QGC and as Vice 
President Developments at BG. After the Shell acquisition 
of BG in 2016, Bill took on his first role with Shell as 
General Manager Development for eastern Australia. 
In December 2018, he was appointed as a shareholder 
representative on the Arrow Energy Board and General 
Manager Non-Operated Ventures. In August 2020, Bill 
was seconded from Shell to Arrow Energy where he 
now serves as Vice President Strategy, New Business & 
Development and is part of Arrow’s executive leadership 
team. Bill has served on the Board of CO2CRC since 
February 2016. 

Special responsibilities: Deputy Chair of the Operations, 
Safety & Environment Committee

Tim Walton 
BA, MBA, FAICD

Tim joined the CO2CRC board in November 2014 as a 
research sector representative. He is the Director, Energy 
Research Initiatives, at Curtin University’s Research Office 
in Perth, WA.

With a professional background in corporate 
communications, government policy and strategy, Tim 
has worked in science administration and resources 
development within the Western Australian Government’s 
minerals and petroleum, and science and innovation 
portfolios.

Previously he has worked in a diverse range of areas 
including conservation education, natural resources 
management, policy and regulation, heavy industry and 
port logistics. He was the interim CEO and Bid Director for 
the Future Battery Industries CRC, which was awarded in  
round 20.

Tim is a board member of the Western Australian Marine 
Science Institute which oversees an alliance in coastal 
marine research; the Western Australian Defence Industry 
Council and the Fuels and Energy Technology Centre. 
He has been a board member of the Western Australian 
Energy Research Alliance, Centre of Renewable Energy in 
Sustainable Transport (CREST), the Parker Centre CRC 
for Hydrometallurgy and the Australian Centre for Natural 
Gas Management.

Special responsibilities: Chair of Operations, Safety and 
Environment Committee, Member of Appointments and 
Remuneration Committee
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Dr Graham Winkelman 
BE (Met), MEngSc, MAppFin, PhD

Graham is Practice Lead Climate Change at BHP based 
in Melbourne, Australia, where his global role covers 
BHP’s response to climate change policy, including broad 
engagement across company executive leadership, 
federal and provincial governments, industry associations 
(including MCA, APPEA, BCA and CMI in Australia), peer 
companies, research institutes, think tanks and multilateral 
associations (e.g. IEA, UNFCCC). Graham’s role also 
includes leadership of BHP’s carbon capture and storage 
initiatives, with on-the-ground investment, research 
activity and policy engagement in various locations 
including Australia, the US, China, Canada, Japan and the 
UK.

Graham is Chair of the board of the International Carbon 
Capture and Storage Knowledge Centre (Regina, 
Canada) and a board member of the Australian Industry 
Greenhouse Network and the Energy Policy Institute of 
Australia. Graham has a PhD in Materials Engineering 
from Monash University, and has been contributing to the 
resource sector’s response to climate change for 14 years 
in both direct and consulting roles. Graham has served as 
the Board of CO2CRC since March 2019.

Special responsibilities: Member of Finance, Risk and 
Audit Committee
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Professor Peter Cook 

Peter is one of Australia’s foremost scientists and 
technology leaders in the areas of energy, greenhouse 
technology and sustainability. He is a Professorial Fellow 
at the University of Melbourne, a company director, 
author, consultant and senior advisor to organisations 
and governments worldwide. His work on CCS with the 
Intergovernmental Panel on Climate Change (IPCC), 
alongside Kelly Thambimuthu, made both contributors to 
the award of the 2007 Nobel Peace Prize to the IPCC, and 
prior to that in 2005, the adoption of CCS as a climate 
change mitigation technology under the United Nations 
Framework Convention on Climate Change (UNFCCC). 
Peter was CO2CRC’s chief executive from its inception 
until 2011.

Professor John Kaldi 

John is CO2CRC’s former chief scientist as well as 
professor and SA State Chair of Carbon Capture and 
Storage at University of Adelaide. John’s career includes 
being the inaugural head of the Australian School of 
Petroleum (ASP) and earlier, Director of the National 
Centre for Petroleum Geology and Geophysics (NCPGG) 
at University of Adelaide. Prior to academia, John spent 18 
years working in the petroleum industry. He has received 
numerous awards, is an accomplished lecturer and trainer 
and has been the author and presenter of over 150 journal 
articles and technical conference papers.

Professor Kelly Thambimuthu 

Kelly has over thirty years’ experience in low-emissions 
technology. For over two decades he has chaired the 
IEAGHG, a technology collaboration program of the 
International Energy Agency to reduce greenhouse gas 
emissions. He pioneered advances in cleaner fossil fuel 
technologies while heading the Centre for Low Emissions 
Technology in Queensland from 2004 – 2009. Kelly has 
been a scientist and program director at CANMET Energy, 
Natural Resources Canada and professorial fellow at the 
University of Queensland and has received many awards 
for his work.

CO2CRC’s 
distinguished 
scientists
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Selected CO2CRC publications 
from 1 July 2020 to 1 June 2021
This list is a highlighted selection of the publications 
produced during this period. CO2CRC’s research 
symposium generated over 50 presentations. Members of 
CO2CRC can find these presentations on the Publication 
Tracking System. 

Reference/Title

Tertyshnikov, K, Pevzner, R and Barraclough, P, 2021. Stage 3 Final 
Monitor seismic survey M8 Seismic Survey Operations Close-out 
Report. CO2CRC Ltd, Melbourne, Australia, CO2CRC Publication 
Number RPT21-6317.

Radke,B, Champion,D, Gallagher,S, Wang,L, De Vleeschouwer,D, 
Kalinowski, A, Tenthorey, E, Urosevic, M and Feitz, A, 2021. Geology 
and depositional history of the Port Campbell Limestone on eastern 
flank of the Port Campbell Embayment, Otway Basin, south eastern 
Australia. Australian Journal of Earth Sciences. JOU21-6316.

Freifeld, B, Isaenkov, R, Tertyshnikov, K, Yavuz, S, Shashkin, P, 
Yurikov, A, Sidenko, E, Wood,T, Correa, J, Barraclough, P and 
Pevzner, R, 2021. Using Surface Orbital Vibrators and DAS for 
Realizing Permanent Reservoir Monitoring & Lessons from the 
CO2CRC Otway Project. In: 14th SEGJ. CO2CRC Publication 
Number CNF21-6315.

Green,C, Ennis-King, J, Jackson, S, Jenkins, C and Gunning, J, 2021. 
Pressure inversion for leakage detection. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number RPT21-6314.

Jackson, S, Gunning, J, Ennis-King, J and Jenkins, C, 2021. 
Summary of Otway Stage 3 pressure tomography field operations 
and data acquisition. CO2CRC Ltd, Melbourne, Australia, CO2CRC 
Publication Number TBN21-6313.

Pevzner, R, Isaenkov, R, Yavuz, S, Yurikov, A, Tertyshnikov, K, 
Shashkin, P, Gurevich, B, Correa, J, Glubokovskikh, S, Wood,T, 
Freifeld, B and Barraclough, P, 2021. Seismic monitoring of a small 
CO2 injection using a multi-well DAS array: operations and initial 
results of Stage 3 of the CO2CRC Otway project. International 
Journal of Greenhouse Gas Control. CO2CRC Publication Number 
JOU21-6312.

Publications

Cook, P et al, 2021. GeoCquest: Quantifying the impact of 
heterogeneity on CO2 trapping, storage capacity and injectivity. 
CO2CRC Ltd, Melbourne, Australia, CO2CRC Publication Number 
PRZ21-6311.

Bagheri, M, Tenthorey, E, Kalinowski,A, Wintle,E, Easton,L, 
Mathews,E, McKenna,J and Taggart,I, 2021. Screening Australia’s 
Basins for CO2-Enhanced Oil Recovery. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number RPT21-6310.

Ghayur, A, 2021. Initial Study for the Circular Bioeconomy and 
Hydrogen Utilisation Hub Concept. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number RPT21-6309. 

Feitz, A, Radke,B, Ricard, L, Glubokovskikh, S, Kalinowski, A, 
Wang,L, Tenthorey, E, Schaa, R, Tertyshnikov, K, Schacht, U, Chan, 
K, Jordana,S, Vialle, S, Harris, B, Lebedev, M, Pevzner, R, Sidenko, E, 
Ziramov, S, Urosevic, M, Green,C, Ennis-King, J, Coene,E, Lavina,M, 
Abarca,E, Idiart,A, Silva,O, Grandia,F, Sainz-Garcia,A, Takemura,T, 
Dewhurst,D and Credoz,A, 2021. The CO2CRC Otway shallow CO2 
controlled release experiment: Fault characterization and leakage 
scenarios. GHGT-15. CO2CRC Publication Number JOU21-6308.

Lim, S and Xiao, P, 2021. CO2-CH4 Adsorbent Research Phase 1 
report. CO2CRC Ltd, Melbourne, Australia, CO2CRC Publication 
Number RPT21-6307.

Vaughan, A, 2021. Annual (2019-2020) Monitoring Report to 
Victorian EPA. CO2CRC Ltd, Melbourne, Australia, CO2CRC 
Publication Number RPT21-6306.

Sidenko, E, Pevzner, R and Tertyshnikov, K, 2021. Compensation 
of the temperature effect on low frequency DAS measurements: 
case study of the water injection at the Otway site. In: SEG Annual 
Meeting 2021, Denver, CO, 26 September - 1 October 2021. SEG. 
CO2CRC Publication Number CNF21-6302

Isaenkov, R, Yavuz, S, Pevzner, R, Tertyshnikov, K, Correa, J, Freifeld, 
B, Yavuz, S, Pevzner, R, Tertyshnikov, K, Correa, J and Freifeld, B, 
2021. Practical aspects of wavefield decomposition for permanent 
seismic rotatory sources. In: Australian Exploration Geoscience 
Conference (AEGC) 2021, Brisbane, Australia, 15-20 September 
2021. AEGC, Brisbane, Australia. CO2CRC Publication Number 
PRZ21-6301

Jackson, S, Green,C, Jenkins, C, Gunning, J, Ennis-King, J, Dance, 
T and Wilkins,A, 2021. Earth tides, pressure inversion and pressure 
tomography interim report – CO2CRC Otway Stage 3 project. 
CO2CRC Ltd, Melbourne, Australia, CO2CRC Publication Number 
RPT21-6300.
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Yavuz, S, Pevzner, R, Popik, S, Tertyshnikov, K, Freifeld, B., Wood, T., 
Robertson, M. and Correa, J., 2021. The appraisal of Surface Orbital 
Vibrators with buried geophone array for Permanent Reservoir 
Monitoring. Geophysics. CO2CRC Publication Number JOU20-
6274.

Aldakheel , M, 2020. CO2 Storage Characterization Driven by 
Images of a Prior Injection: CO2CRC's Otway Project. MPhil thesis. 
Curtin University. CO2CRC Publication Number THE20-6273.

Isaenkov, R, Pevzner, R, Glubokovskikh, S, Yavuz, S, Yurikov, A, 
Tertyshnikov, K, Gurevich, B, Barraclough, P, Correa, J, Wood,T, 
Freifeld, B, Mondanos,M and Nikolov,S, 2020. An automated system 
for continuous monitoring of CO2 geosequestration using multi-well 
offset VSP with permanent seismic sources and receivers: Stage 3 
of the CO2CRC Otway Project. International Journal of Greenhouse 
Gas Control. CO2CRC Publication Number JOU20-6272.

Yurikov, A, Tertyshnikov, K, Pevzner, R, Isaenkov, R, Sidenko, E, 
Popik, S, Glubokovskikh, S, Yavuz, S and Barraclough, P, 2020. 
Multi-well 3D DAS VSP Data Processing. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number RPT20-6253.

Green,C, Jackson, S, Gunning, J, Ennis-King, J and Jenkins, C, 
2021. Pressure inversion methods to locate unknown sources/sinks. 
CO2CRC Ltd, Melbourne, Australia, CO2CRC Publication Number 
RPT20-6250.

Pandit, J, 2020. Prefeasibility Analysis for Carbon Capture, 
Utilization and Storage – Refinery Sector. CO2CRC Ltd, Melbourne, 
Australia, CO2CRC Publication Number RPT20-6248.

Nourollah, H, Bagheri, M and Raab, M, 2020. Integration of seismic 
and pressure data to assess plume stabilisation. CO2CRC Ltd, 
Melbourne, Australia, CO2CRC Publication Number RPT20-6240.

Pevzner, R, Tertyshnikov, K, Yavuz, S, Yurikov, A, Isaenkov, 
R, Sidenko, E, Correa, J, Wood,T and Freifeld, B, 2020. 
Operationalisation of the Seismic Monitoring Program. CO2CRC Ltd, 
Melbourne, Australia, CO2CRC Publication Number RPT20-6237.

Bagheri, M, Knackstedt, M, Dance, T, Zhang,Yul, Turner,M, 
Saadatfar,M, Ruspini,L and Ã˜ren,P, 2020. Multiscale flooding 
Dynamics of Otway Core Year 2 Report Update: Upscaling of 
static properties. CO2CRC Ltd, Melbourne, Australia, CO2CRC 
Publication Number RPT20-6225.

Gunning, J, Jackson, S and Ennis-King, J, 2020. Bayesian Well-test 
Tomography Downscaling and Model Assimilation. CO2CRC Ltd, 
Melbourne, Australia, CO2CRC Publication Number RPT20-6224.

Tertyshnikov, K, Pevzner, R and Barraclough, P, 2021. Stage 3 First 
Monitor seismic survey M7 Seismic Survey Operations Close-out 
Report. CO2CRC Ltd, Melbourne, Australia, CO2CRC Publication 
Number RPT21-6297.

Watson, M, Ennis-King, J, Patel, J, Kozielski, K, Bagheri, M, Hortle, 
A, Webley, P, Chan, K, Barraclough, P, Pandit, J and Raab, M, 
2021. H2@Otway. Demonstrating Hydrogen Geological Storage: 
An Enabler for a Cost Effective H2 Supply Chain. CO2CRC Ltd, 
Melbourne, Australia, CO2CRC Publication Number RPT21-6296.

Pandit, J and Pazhanivel,K, 2021. TA-9686 REG: Integrated High 
Impact Innovation in Sustainable Energy Technology – Prefeasibility 
Analysis for Carbon Capture, Utilization and Storage (Subproject 
2) – (52041-003). CO2CRC Ltd, Melbourne, Australia, CO2CRC 
Publication Number RPT21-6295.

Bagheri, M, Dance, T, Jenkins, C, Paraschivoiu,E, Glubokovskikh, S  
and Barraclough, P, 2021. Uncertainty analysis and probabilistic 
approach to address CO2 injection issues – A case study from 
CO2CRC Otway Stage 3 project. In: GHGT-15. CO2CRC Publication 
Number CNF21-6291.

Feitz, A, Radke,B, Chan, K, Ricard, L, Kalinowski, A, Wang,L, 
Tenthorey, E, Schaa, R, Tertyshnikov, K, Glubokovskikh, S, Schacht, 
U, Vialle, S, Harris, B, Lebedev, M, Pevzner, R, Ziramov, S, Urosevic, 
M, Green,C, Credoz, A and Ennis-King, J, 2021. The CO2CRC Otway 
shallow CO2 controlled release experiment: Fault characterization 
and leakage scenarios. Oral presentation given at the GHGT-15, Abu 
Dhabi, 15-18 March 2021. CO2CRC Publication Number PRZ21-
6290.

Pevzner, R et al, 2021. Seismic monitoring of CO2 geosequestration 
using multi-well DAS VSP: Stage 3 of CO2CRC Otway Project. Oral 
presentation given at the Second EAGE Workshop on Distributed 
Fibre Optic Sensing. CO2CRC Publication Number PRZ21-6288.

Jenkins, C, Barraclough, P, Bagheri, M, Correa,J, Dance, T, Ennis-
King, J, Freifeld,B, Glubokovskikh, S, Green,C, Gunning, J, Gurevich, 
B, Isaenkov,R, Jackson, S, Pevzner, R, Ricard, L, Tertyshnikov, K, 
Wilkins,A, Wood,T, Yavuz, S and Yurikov, A, 2021. Drilling an array of 
monitoring wells for a CCS experiment: lessons from Otway Stage 3. 
In: GHGT-15. CO2CRC Publication Number CNF21-6287.

Feitz, A, Radke,B, Chan, K, Ricard, L, Kalinowski, A, Wang,L, 
Tenthorey, E, Schaa, R, Tertyshnikov, K, Glubokovskikh, S, Schacht, 
U, Vialle, S, Harris, B, Lebedev, M, Pevzner, R, Ziramov, S, Urosevic, 
M, Green,C, Credoz, A and Ennis-King, J, 2021. The CO2CRC Otway 
shallow CO2 controlled release experiment: Fault characterization 
and leakage scenarios. In: GHGT-15, 15-18 March 2021. Abu Dhabi, 
UAE. CO2CRC Publication Number CNF21-6286.

Qader,A, Webley, P, Xiao, P, Pandit, J et al, 2021. Innovative 
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separation at CO2CRC’s Otway International Test Centre. In: GHGT-
15, Abu Dhabi, 15-18 March 2021. CO2CRC Publication Number 
CNF21-6285.

Qader,A, Scholes, C, Pandit, J and Kentish, S, 2021. Testing of both 
absorption and desorption processes using membrane gas-solvent 
contactors in a power plant. In: GHGT-15. CO2CRC Publication 
Number CNF21-6284.

Pandit, J, Qader,A and Lim, S, 2021. Cross-Technology Scheme 
Options to Reduce Greenhouse Gas Emissions in a Steel Industry. 
In: GHGT-15, Abu Dhabi, UAE , 15-18 March 2021. CO2CRC 
Publication Number CNF21-6283.

Howcroft, W, 2020. 2020 Soil Gas Monitoring Report. CO2CRC Ltd, 
Melbourne, Australia, CO2CRC Publication Number RPT20-6277.

Watkins, J, 2020. Seal Capacity for Gas Storage. Honours Thesis, 
The University of Adelaide. CO2CRC Publication Number THE20-
6276.

Yavuz, S, Isaenkov, R, Pevzner, R, Gurevich, B, Tertyshnikov, K, 
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of multi-well offset vertical seismic profile data acquired with 
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CO2CRC Publication Number JOU20-6275.
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King Abdullah University of 
Science and Technology 
(KAUST)

Lawrence Berkeley National 
Laboratory (LBNL)

Stanford University

University of Adelaide 

University of Cambridge

University of Edinburgh

University of Melbourne

University of NSW

University of Western Australia

University of Wollongong 

CO2CRC 
acknowledges 

and appreciates the 
strong relationships it has 
with industry, community, 

government, research 
organisations, and agencies 

in Australia and around 
the world

Government

Australian Government: 
Department of Education, 
Skills and Employment

Australian Government: 
Department of Industry, 
Science, Energy and 
Resources

CarbonNet Project

Coal Innovation NSW

NSW: Department of Planning 
and Environment

Victoria: Department of Jobs, 
Precincts and Regions

Industry

ANLEC R&D 

(on behalf of LET Australia)

BHP

Chevron Australia

Eni

ExxonMobil

Global CCS Institute

J-POWER

Santos

Shell Australia 

Total

Woodside Energy

Associate

National Energy Resources 
Australia (NERA)
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